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REFORT ON THE PROPARTING OF TN UNITHD VERDE

RXTEISION MINING COMPANY AT JEROME, ARIZONA.

by

Waldemar Lindgren

Introduction
At the request of lr. J. 8. Douglas, President

of the United Verde Extension ¥ining Company, I spent a
month examining the mine of the Company at Jerome for
the purpose of investigating the geological features.
The objects were to ascertain the nature of the deposit,
its probable continuation in depth, the possibility of
recovering the faulted part and also to consider the
likelihood of finding other deposits in the area con-
trolled by the Company.

The principal property containing ths deposits
consists of a compact area of claims on the élope below
the town of Jerome, comprising about 200 acres. There
are also several outlying mining claims, like the Haynes
group to the northwest of the United Verde Mine, and
some other areas in various parts of the district, which,
however, have no present definite value for mining
ﬁnrposes. The Company also controls the claims of the
Jerome Verde Development Company, adjoining their mine
on the north and in which much development work has been

done. ¥ogt of these properties are outlined on Plate 1

accompanying this report.




¥ining Developments

The main features of the mining and geology
of the district have been rather fully treated in
several publications(l)so that this part of the dige
cussion may here be cut short.

Of the two principal mines in the digtrict the
United Verde is the older and has yielded the greater
production. It is situated qn.thé wést side of the
great Verde fault, which divides the district in two
structural parts, and consists of a large pipe of
sulphide ore plunging North Northwest and whioch has been
followed to a depth of 3,000 feet, vertically.

The second is the United Verde Txtension Wine,
which is situated about half a mile to the FBast of the
first mentioned mine and which was discovered by under-
ground workings about 1917. It is now developed to a
vertical depth of 1,700 feet from the collar of the
Bdith shaft (Elev. 4,908 feet) to the 1,900 foot level
(Blev. 3,200 feet), and by very extensive workings on
all levuis from the 550 foot level down. The develop-

ments began from the Little Daisy shaft, now in disuse.

(1)
Reber, L.E. Jr.: Geology and ore deposits of the
Jerome District. Am.Inst.Min. &
Met. Eng., Trans., vol. 66, pp.
3-26, 1922. '

Finlay, J.R.: The Jerome district of Arizona.
: Bng. & Min.Jour.-Press, Sept.28
and Oct. 5, 1918,

e)

Lindgren, "aldemar: Ore deposits of the Jerome and
Bradshaw Mountains Quadrangles,
Arizona. Bull.782, U.S.Geol.
survey, '""ashington, 1926.




The elevation of its collar was 5,048 feet; it inter-
sected the fault, and it is about 800 feet deep.

About all of the developments are contained
in the March, Main, Conglomerate, Carbonate, Bitter
“Creek and Florencia claims. The Haynes group is
developed by a short tunnel and by the Haynes shaft,
situated half a mile Northwest of the United Verde oute
crops, and ‘1,200 feet deep. The Jerome Verde Development
Company's property is developed from the now abandoned
Columbia shaft 1,350 feet deep but mostly from the
different levels of the HEdith ghaft.

All the various elevations of the levels are

Pase 36
entered on *rete—=d accompanying this report.

The Geological Formations

As the ores are found in the old pre-Cambrian
rocks the other younger formations are of subordinate
interest. They consist of a thick series of approximately
horizontal 11mestones, and they were deposited on the
even surface, worn down by erosion, of these pre=Canmbrian
rocks. A brown basal sandstone, usually called the
"Tonto" forms the bottom layer; it is about 40 feet thick.

5ti11l later than the limestonesis a conglomerate
deposited on their eroded surface in temporary rivers of |
Tertiary age. Above the limestones and conglomerates are
generally spread out thick flows of basaltic lava also
of Tertiary age.

The pre-Cambrian formations are complex but

congist of the following main elementa:



1. Djorite and diabase. These are the

youngest rocks of the pre-Cambrian series. They are
dark green, granular rocks usually greatly altered and
filled with secondary zoisite. There are several areas
of these in the vieinity of the orebodies, and they are
in the main identical with the United Verde diorite.
They are usually massive though in places changed by
pressure to dark green schists.

2. Clegopatra quartz porphyry. This is a grey

quartzose fine-grained rock showing quartz crystals. It
is schistose in places and usually contains much segicite.
3. Decgeption guartz porphyry. This is also a
fine-grained grey rock with very small quartz crystals
end forms a large mass south of the Cleopatra porphyry.
Its axact age is not established. “hile it is apparently
massive the microscope shows that it has been affected
by incipient schistosity.

4. Gregggtonelseries. This is a usually

schistose green rock which forms a large area of complex
composition. A large part of 1t is chloritic schist,
compoged mainly of quartz and chlorite.' It is derived by
alteration and pressure from volcanic rocks in part basic
in part acid. To a small extent 1t is interbedded with
metamorphic¢ generally siliceous gsediments, but there is
much less of these here than near the United Verde lMine.
The Greenstone series frequently contains dikes of

Cleopatfa porphyry.




In the United Verde Mine the pre-Cambrian
rocks enumerated are cut by many dikes of diorite
porphyry, the youngest of all rocks of the o0ld series.
Tew of them are found in the United Verde 7ixtension, and
they are here of little importance for the mineralization.

The Distribution of the Rocks

“ithin a rectangle 3,200 by 3,600 feet, forming
the surrounding of the orebody a certain fairly regular
arrangenent of the formations may be noted. The rectangle
is divided in two parts by the great Verde fault, the

Bxtension
orebody of the United Verde AMine lying in the hanging wall
of this fault. To the west of the fault the principal
rocks are the Cleopatra porphyry, with some intrusions of
diorite. The southern part of this area is occupied by
Deception porphyry.

To the east ofthe fault the area may be roughly
divided in two partas. The southern part is mainly
occupied by Cleopatra porphyry. To the north of the ore-
body the greengtone schistes prevail with some intrusions

of diorite and many smaller dikes and masses of Cleopatra

porphyry. The rough outlines of these two areas are the

same as all levels hence the boundaries are approximately

- X
vertical.
The orebody lies between the quartz porphyry on
the south.and the diorite and greenstone schists on the

north. 7Thesurface geology is Shownon PL 2,
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Structure

The structure of the pre-Cambrian rocks is
emphasized by the lines of schistosity which run North
Northwest or Northwest with a steep easterly dip. 1In
most of the quartz porphyry and diorite the structure
is poorly developed.

This schistosity which in part is followed by
the veins was developed strongly in early pre-Cambrian
time, the effects of pressure growing less aftér the
intrusion of the guartz porphyry and the diorite.

Structure later than the pre-Cambrian is
emphasized by the faulting which took place on a large
scale at the close of the Tertiary or at the beginning
of the Juarternary period.

o The whole rock series, including the pre-Cambrian,
the limestones and the lavas (Malapais) was then divided
into parallel North Worthwest trending blocks and
successively sank down to form the broad Verde Valley.

There are at least three of these blocks: The
highest now forms the Mingus Mountain, Voodschute
Mountain, and Cl opatra Yountain mass. It is b;ﬁded on
the east by the Verde fault, and it contains the United
Verde and Verde Central orebodies. The dip of the Verde
fault is about 57° Last Northeast.

The gecond block lies between the Verde fault
and the Bessie fault, the latter showing in the United

Verde TLxtension transportation tunnel and the ore bins

at the foot of the 61d tramway. It contains the main ore-

body of the United Verde fxtension.
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The third block lies underneath the Verde Valley
between the Bessie fault and an unknown fault line below
the valley. At Clemenceau the basal sandstone apparently
lies about 1,000 feet below the Verde River.

“hile the first block is cut 5y several minor
faults or branches of the main fault such as the Haynes,
the Yarrior, and the Dillon, it lies on the whole about
2,000 feet higher than the sécohd block. The second

/

block,lies about 600 feet higher than the third, mhich
ﬂgéjsﬁﬁk down at 1east 1 400 feet lower. the basal sand=-
stone at Clemenoeau lying probably at an elevation of
2,300 feet.

The Verde Fault

The total dislocation along the Verde fault may
be measured by assuming that the basal sandstone rested
about 100 feet above the present top of Cleopatra
Hountain. Now, projecting the slight dip of the basal
sandstone as found in the Audrey shaft to the fault the

following elevations are obtained:

Feet
Top Cleopatra Mountain.......... esessess 6,082
Probable elevation of base of sande
stone once resting on top of
Cleopatra Mountain......vvvvveeeeess.e 6,150

EBlevation of base of sandstone in
Audrey shaft.siscssssasssnnsasnnsssnns 83338

Assumed elevation of gsame close
to fault.l..l..l...l.'..‘l""‘l.l.l.l 4.530

Vertical throw 6,150-4,530....¢..400... 1,620




This caloulation agrees quite well with the
statement of ir. Reber that the vertical throw is about
1,700 feet. TIeasured on the su&face of the fault and
parallel to the dip (the dip~slip) the movement would be
about 1,900 feet, that is, the hanging wall has moved
down 1,900 feet relatively to the footwall.

In a fault of this magnitude some horizontal
movement has undoubtedly taken place. I understand that
this horizontal component has been estimated by Mr. Pred
Searles to the amount of 1,500 feet south, i.e., the
hanging wall has moved southward relatively to the foote-
wall. I believe he arrived at this conclusion by attempte-
ing to matech the various areas of rocks in the hanging
and in the foot walls.

“hile there is some regularity in the arTanpe-
ment of the rocks in the United Verde Txtension area the
persistence of these pre-Cambrian contacts is not to be
relied on. For instance, while the porphyry-greenstone
contact in the United Verde Txtension area trends Eagt-
West the trends in the United Verde area are strongly
oblique to the fault. I consider this method unreliable.

In many places the walls of the fault show
striations but in all cases I have seen these striations
are vertical or quite steep apparently precluding any
such large horizontal movement as *'r. Searles assumcsg.

The slab of ore mined in the foult zone on the
500 United Verde on the lermit claim is pretty surely drag

from the lower pyritic orebody of the United Verde




Extension. It is not drag from the main body for in
that case it would have been richer. It could not
possibly have been moved from the Ma%n Top orebody for
this 1e¢ located on o minor hanging slip of the fault.
The distence of this drag from the lower vart of the
sulphide.body, measured alons the fault plane, is 1,900
feet or practically the same as the Tipure arrived at
before for the dip~slip. The horizontal component ine
dicated by this drag is 300 to 400 feet, the hanging wall
having moved to the south. The total slip of the fault
(measured on the fault planes) is, therefore, from 1,900
tofberhapé 2,000 feet, the direction inclining slightly
southward, (See Plate G ).

In & fault of this magnitude the dislocation is
rarely confined to one plane. In most places in the
United Verde Extension there i1s a minor hanging wall slip
which follows some orebodies. Then about 150 feet to the
west lies the main fault which usually is a greatly
érushed and sheared zone from 20 to 100 feet wide. In
gsome places there are three distiﬁct planes within a

distance of 100 feet.

Taturally the oxidation has been more energetic

along the fault plane than in other places and down to the

1,400 or 1,500 foot levels the gouge is usually colored
more or lecs deep red. Slickensides are comnon on the

fault gouge with striations vertical or dipping slirhtly

to the south. In places real grooves are seen - rock riffles

which point in the pame direction. As a rule there is no
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ore along the fault except where orebodies have been cut
or drag carried along. There is no indication of a poste
fault mineralization. Only where copper-bearing waters
have been seeping along the dislocation a 1ittle malachite
or chrysocolla may be seen.

The Florencia and Dillon Faulta

Yhen blocks of this size sink down aross fractures
more or less perpendicular to the main faults are likely
to be observed. Such a fracture in the FPlorencia fault,
which is traceable on the surface in the malapais and
limestone of the second block. The first place where it
is definitely located on the surface ig in Bitter Creek
below Douplas house where conglomerate is faulted up
against malapais. TFrom there it continues Tast Northeast
faulting the various limestone members about 100 feet, the
downthrow being on the south side. The fault is exposed
on various levels to the Northeast of the orebody, partie
cularly on the 1,400 and 1,700 foot 1évels, where it has
been followed for over 2,000 feet in an Rast Northeast
direction finally turning to ¥. 80° B. It is a sharply
defined fracture with 6 to 8 inches of red gouge. The
striations dip towards the east about 55° on the fault
plane. The ¥lowencia fault is followed into the main ore-
body, but it is believed that it stops on the hanging wall
seam when the movement becomes negligible. There is no
mineralization along the fault except a little close to
the orebody. It is a post-mineral fault.of the same age

as the main fault, and it is a coincidence that it cuts

into the orebody.
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The Dillon fault is a similar oross fracture

well shown in the Dillon twnel and probably also in the
sag just west of Cleopatra llountain. Ilere also the down-
throw is on the south side, and it anounts to not more than
200 feet. The strike is Wast Northeast and the dip 75°S5.
It has been supgeated that the Dillon fault is the con-
tinuation of the ¥lorencia, but I do not believe this to
be a fact. Both are cross faults and post-mineral, but

this ends the relationship.

There are many other small faults at various
places on the surface and underground but none of them are
of much importance. Iearly all are of post-mineral and
probably Tertiary age.

Geolomical History

In order to understand the development of the
mineralization it is necessary to review briefly the
geologlical history of the district.

The events may be divided in three sharply defined
periods: |

1. The pre-Cambrian period of intense igneous
action, including intrusions, lava flows and volcanic
tuffs in the order indicated on page 4. There waé some
subordinate sedimentation, resulting in cherts and shales,
The last feature of this period was the intrusion of vast
amounts of granite, the so-called Bradshaw granite, which
occupies large areas in the southern part of the Black
Hills.but which is not repre:sented in this district. The
nearest granite is found on the upper Black Canyon and

near the Shylock Mine, gseveral mileg away.




At this time the pre-Combrian rocks formed
mountaing probably many thousands of feet in height.

Then began a long period of erosion which grad-
ually wore down the range, by long continued erogion, to
an almost level plain.

Thé epoch of mineralization begon in later pre=-
Cambrian time though vefore the period of erosion. It is
believed that it was induced by the intrusion of the vast
magses of granite in the region. Hot solutiones emanating
from deepseated magmas found their way up along fracture
zones or along chirmneys formed by the intersection of
fracture zones. Thus were formed the United Verde and
the United Verde Ixtension orebedies. These deposits exe
tended far above the ercsiocnal surface on which now the
basal, brown sandstone resty, and it is likely that the
upper part amounting to several thousand feet of these
deposites have been removed by the pre-Carmbrian erosion.

During this erosion, which was nzscessarily
accompanied by oxidation and descending copper waters,
deep chalcocite zones were formed, and they were heavily
enriched by repeated oxidation and concentration. The
upper 200 or 300 feet now formed & siliceous leached
gossan with but 1little copper. (

2. Now followéd, bheginning with the Cambrian
or the early Paleozoic, a long period of sedimentation,
during which the deposits were covered by several thousand.
feet of sandstones and limestones, deposited in the ad=~

vancing sea. This period continued to the end of the
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Paleozole era and probably well into the llesozoie. The
deposits were sealed up and little or no change took place
in the ore deposits.

3. The last period was cne of faulting and
erogion and began at the end of the !lesozoic. Following
a general uplift erosion began to attack the accumulated
sediments; but it took & very long time to remove the
heavy masses of sediments. Towards the close of the
Tertiary period, basalt flows (¥alapais) were poured out
over the eroded sediments. TFaulting and lava flows began
almost simultaneously but the faulting continued long after
the lava flows had ceased.

During the early part of this succession of
events the outcrops of the United Verde deposit were un-
covered and the gravel, now so well shown on the 550 foot
level was deposited in a siream of moderate grade. Thise
gravel contains abundant well rounded pebbles of limestone,
chert, gossan, pre-Cambrian rocks as well as a few pebbles
of Malapais. The stream in this viecinity ran about
parallel to the fault, and it Just trenched the gossan of
the United Verde Hxtension orebody as shown on the 800 foot
level.
| During this epoch much copper solution was
carried down from the decomposing aind eroded chalcocite
zone of the United Verde. The gravels in places contain
chrysocolla, malachite and azurite, and these minerals
also descended on fissures into the underlying limestone.
Soon the gravel was covered by repeated flows of Yaiapaia

and the faulting continued at intervale probably well into

the Quarternary period.
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A certain amount of oxidation with accompanying
deposition of chalcocite below must have accompanied the
third period, but the United Verde TIxtension deposit, exe
cept for a brief period, was so well sealed up that these
changes probably amounted to little, compared to the main

enrichment of pre-~Camhrian time.

Groundwa tex

Ag well known there is very little water in the
lower levels of the United Verde line; some oxidation and
deposition of gypoum is observed along the dikes in that
mine down to a depth of 2,400 feet or more. In the United
Verde Extension Mine there is more vater because the
workings drain a large territory. Most of the water comes
from the principal water horizon of the district, that is,
the brovn, bagal sandstone of the 'aleozoic series. The
main fault also carries considerable water in places but
there 1s not a very active circulation along it. ‘“hen the
fault was cut on the 1,800 foot level it roadily drained
the water standing in the two or threec levels ahove.
Occasionally water courses are cut but in most cases they
aéem to be pockets which soon are drained. Most of the
workinge}are ary.

' Such water as is encountered ig fairly pure and
contains very little, if any, copper.

General Features of Mineralization

No mineralization, except from infiltering sur-

face waters, is found in the malapais, conrlomerate, or

limestone.
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.The mineralization of the pre-Cambrian rocks
while intense in certain places is not general or wide-
spread, Iven disseminated pyrite is extremely scarce.
In the extensive exploration work in the Jerome Verde
Devalopment Company no disseminated pyrite was observed
outside of the few orebodies, except ncar Columbilia shaft
on the 1l4th level. The Deception porphyry, the pgreenstone
series, the diorite and the quartz porphyry is as a rule
barren of pyrite. On the other hand, the Clecpatra porphyry
to the weat of the fault generally contains some finely dis-
seminated pyrite. This means, oi course, that the country
wags not permeated by the mineralizines solutions except
near the main channels of metallization. This points to
deepaeated processes and impermeable rocks.

The ore deposits close to Jerome are either
fracture zones or pipe-like bodice. Of the former the
"veins® in the United Verde lxteusion iline, or the Verde
Central are examples. They strike in a northerly or north
wes?erly direction, dip steeply, and the mineralization
consists of a replacement of tha rock by quartz; pyrite,
and chalcopyrite.

The pipe-like bodies are more important and have
probably been cauvsed by the converging of two or more
fracture zones. The United Verde deposit is a large pipe
with & diameter of 500 to 700 feet in the uppcf levels and
plunging Horth Northwest at an angle of about 70°. It is
contained in quavrtz porphyry a:d metamorphic nediments while

its hanging is formed by & hard concave diorite contact.
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On the lower levels (Plate 1) there is a tendency of
the massive deposit to become elongated Northeast-Southe
west, and on the 2,400 foot level the ore-bearing area
is about 600 feet long in this direction. In the main it
is a replacement of quartz porphyry and schist by quartz,
calcite, dolomite, pyrite, chalcopyrite and sphalerite
with minor guantities of galena, arsenopyrite and tetra-
hedrite. The ore is massive and fine-prained, averaging
well over 4 per cent.

The United Verde Rxtension deéosit is a similar
pipe here more distinectly caused by the converging of
two fracture zones. In its upper part it is nearly
vertical, or dipping steeply eastward. Oun many levels
it is irregulér with rounded projections into the
surrounding rocks. 3Seen in cross scction (3ections 2 and
8) it has a somewhat cance-shaped form tapering below to
a keel. ¥rom the 1,400 foot level down it acquires a
decided plunge in a northerly direction and the outlines
of the sulphides become irregular. At present the lowest
point on which it has been developed is the 1,900 foot
level. |

The upper four hundred feet of the deposit
contains siliceous leached material or gossan with some
residual ore. The chaloocite ore occupies the levels
from 1,250 to 1,500. Below the 1,500 foot level the
deposit contalns mostly massive, poor, pyritic sulphide.

The area occupied by the deposit varies from 100 by 100

to 300 by 300 feet;on the 1,700 foot level it is 100 by
100 feet. On the 1,800 and 1,900 foot levels it is not
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fully developed. The gossan 1s poor with a few residual
orebodies. The chalcocite zone from the 1,250 to the
1,400 foot level is rich with ore running up to 40 per
cent copper, but becoming poorer and more pyritic on
the 1,500 and 1,600 foot levels. The gsulphides on the
three lowest levels are mainly pyrite with less than 1
per cent copper. There is thus a considerable similarity
in origin and structure of the United Verde and the United
Verde Txtension orebodies, though the latter is consider-
ably smaller.

Ihe United Verde Hxtension Orebody in lore Detail

The United Verde Extension orebody does not
outerop at the surface. It is located in the second
block, which is slightly tilted to the east, and it is
covered by 500 to 800 feet of limestone, conglomerate,
and malapais as shown in the eight sections accompanying
this report. ¥or a very brief interval, while the stream
bed now filled with conglomerate was being excavated a
part of the croppings were exposed to the surface but was
soon sealed apgain and covered by conglomerate and malapais.

At the Tdith shéff basal brown sandstone lies
574 feet below the surface on the 800 foot level; the 800
foot level shows in some places the conglomerate overlying
the pre-Cambrian rocks; the 550 foot level shows only
sandatone, limestone and conglomerate.

Ag a whole the orebody forms a compact mass of
irregular outline but with a tendency to extend Bast South-
east or Southeast. It has a distinect, though steep dip

to the lNortheast. Aside from some regidual ore the distance
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between the 800 and the 1,250 foot levels contains only
siliceous gossan making rather sharp contacts with the
kaolinized country rock. Chalcocite ore, more or less
pyritic occupies the space between the 1,250 and the 1,600
foot levels; on the 1,500 and 1,800 foot levels the ore
is poorer and tends to form a canoe-~shaped keel extending
for 300 or 400 feet Northwest.

Trom the main orebody extend two fractured and
schistose veins, irregular in strike and mineralization;
the converging of these veins hag evidently ocaused the
favorable locus for deposition. One of these, striking
N. 50° W. may be termed the Maintop vein; the other,
striking N. 20° W. may be called the Gold Stope vein.
During the early exploration work these veins were the
"leaders" which eventually led to the discovery of the
main mass.

Speaking broadly, the orebody lies between
quartz porphyry on the south‘and diorite on the north.
Most of the deposit is contained in quartz porphyry but
some of the lower poor sulphide bodies enter into the
diorite.

The veins are contained in the greenstone series
and in special belts of schistose preenstone, and they
show & tendency to wrap around and follow the outlines of
the main northern diorite area. Nevertheless they enter
in part into the diorite and thersfore this diorite is
earlier than the mineralization.

7The orebodies are shown (n horizontal /orq/'e'ci‘('on
on PL 5, and in vertical ,org/'ecﬁon on Fis. € ~/4-,
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The in Top Vein

The relationg of the Main Top vein to the main
body are well ghown on the 800 foot level. ¥From the main
mass of gossan, that is quartz, brecciated and stained
with limonite, a branch extends out Northwest for several
hundred feet, containing several masses of rich residumal
chalcocite ore. After an interval of several hunired
feet more the Main Top vein has apain been intersected
by drifts from the Little Daisy shaft. Here it is small
and barren and is followed more or less closely by the
subordinate hanging wall fault which lies about 100 feet
or more to the east of the main fault.

On the 950 foot level the continuation of the
lain Top vein is clearly shown; it follows a schist belt
and dips about 60°H.E. The ¥Main Top stopes below is
indicated by a 100 foot long quartz lens containing 33 to
$4 in gold and silver.

On the lower levels the interval between the
¥ain Top stope and the main orebedy has not been fully
explored but the Main Top stope extends for 50 feet above
the 1,100 foot level down to the 1,300, and is about 150
feet long and several sets wide. The ore is rich, very
rich in part, and is partly oxidized chalcocite with some
pyrite. This stope iz cut by the boundary line of the
Jerome Verde Company and was partly mined by that Cumpany.

The exploration on the lower levels, 1,300,
1,400 and 1,500 shows plainly theé projection of the Main

Top vein from the main orebody to a distance of several

g017°
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hundred feet. Some of these orebodies are low grade and
pyritic but in other places a strong enrichment has taken
place.

On the 1,400 and the 1,700 foot levels the work
has been carried out 2,400 feet or more from the main body
along the Main Top vein but without successful results.
The zone of schistosity continues but there is 1ittle
quartz and no ore.

Cn the whole the Main Top vein is very poor, the
mineralization localized and I consider that the proapects
of findinglnew orebodies below the 1,300 foot level, ex-
cept near the main body, are poor. Anyway, such bodies

would surely be pyritie, of low grade, and small extent.

The Gold Stope Vein ///
The Gold Stope vein 1s clearly shown on the 800

foot level projecting from the main orebody a distance of
1,500 feet North Northwest. It is indicated by schist,
Jaspery quartz, and gossan. No orebodies occur though to
the west and southwest of the Tdith shaft there is sane
indication of mineralization. The vein ranges up to 50
feet wide. It occurs in greenstone schist. Seven Hundred
feet North Northwest of Hdith shaft is a winze with copper
stains and there is also some disseminated mineralization
of oxidized éopper ores in the vicinity. The outlook for
finding bodies of value is small. At the Morgan winze
sunk to the 1,100 foot level there is some mineralization
with quartz and native copper but the outlook in this
vicinity also is poor. This is probably a branch of the

Gold Stope vein.




—_— On the 950 foot level, for 250 feet south from

‘here distinctly Joins the main orebody.
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On the 950 and 1,100 foot levels the vein is
very clearly indicated. It dips steeply to the east and
follows a belt of schist. Gossan and quartz are preasent
all along from near the main orebody to a point Southwest
of the Hdith shaft. From then on North Northwest the
explorations have been continued in Jerome Verde ground

for 700 feet but without results except some schist,

occasional quartz streaks and copper stains.

a point 400 feet Southwest of the Zdith shaft, extend the

gold stopes. These continue for several sets above the

980 and about half ways down to the 1,100. They are three

sets wide or in places 20 feet and contain sugary crushed /JooAﬁaz—
quartz without much limonite. The ore yields from £3 to o7
$10 in gold and 0 to 4 ounces of silver. There are no

copper stains. lividently this is a thoroughly leached
and crushed gossan in which secondary enrichment of gold

has taken place. On the 1,100 foot level the same vein

shows with little or no ore and little gold. The vein

On the 1,300 foot level the vein turns to a steep
weaterly dip and breaks acrogss the diorite to join oree
bodies projecting from the main body between the two veins.

The vein is narrow and containg chalcocite and oxidized

ore. On this level the vein extends for about 500 feet

north of the main orebody.

/Z"”’w »

The Gold 3tope vein does not continue on the hew

lower levels though the belt of schist which 1t follows
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in the upper levels still pergists downward. (See
Seotion 3).
Smallexr Orebodies above the 1,250 Level

The main chalcocite body below the gossan begins

quite sharply at the 1,250 sub-level. Among the smaller
residual orebodies above that level those belonging to

the Vain Top and the Gold Stope veins have already found
mention. The most important among these residual bodies
is the rich mass containing two hundred thousand tons,
which begins 50 feet above the 800 foot level and extends
somewhat below the 950 foot level. It lies at the contact
of the gossan and quartz porphyry, is at most 200 feet
long and contains very rich chalcocite ore, in part
oxidized. In part it is bounded by the hanging wall slip.
Several other bodles not yet fully developed are found

on the 800 foot level a few hundred feet to the Northwest
of the main orebody. Another body of rich oxidized drag
ore 1lies above the main orebody from the 1,100 to the
1,300 foot levels. It lies along the main fault and

runs up to a point about the 1,100 foot level. There are
possibilities of more of these smaller orebodies being
found on the 800 and 950 foot levels, both to the Northe

west and Southwest of the main body.

The Main Bod

The general outline of the main body has already
been described. In the upper levels it consists mainly
of an iron-stained cherty quartz or jasper, sometimes

breceiated. The breceilation i probably caused by the
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collapse owing to the leaching of pyrite and chalcocite.
The outlines of this body are generally sharp and well
marked. Sémetimes a little disseminated pyrite is seen
in the adjacent, more or less kaolinized rock. Hear the
1,250 level pyrite becomes more abundant in the lean and
quartzy rock and some copper is found as chalcocite. The
main body of the chalcocite ore begina sharply at the
1,250 foot level and its top is almost horizontal (see
sections). The richest ore was found on the 1,300 and
1,400 foot levels. All of the ore contains fine-grained
pyrite except that which has become wholly oxidized.
usually in the outskirts of the orebody. The pyritc is
mostly arranged in narrow linee or bands which indicate
replacement along sheared or schistose structures.
Oxidized chalcocite ore is found in places from the 800
foot level down but on the whole there is little in the
ore except quartz, pyrite and chalcocite. The chalcocite
is fine-grained and has dull metallic lustre. Little of
it is real sooty chalcocite. Towards the bottom or keel
of the orebody on the 1,500 foot level the easterly half
of the elongated orebody is low grade, say § to 6 per cent
copper while the westerly part is high grade. On the
1,600 foot level the body is smaller, say 200 feet long
and 50 feet wide and generally highly pyritic and in part
of too low grade to be stoped, say containing less than

3 per cent copper. The surrounding rocks, mainly quartz
porphyry are more or less schistose and bleached. The
drift run below the orebody on the 1,700 foot level shows

mainly white, soft quartz porphyry and no ore except somc

geamg of chalcocite in 1,720. drift.
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The Ore

This large and compact body of chalcocite ore
contained in all about 2,000,000 tons of high grade ore
averaging from 10 per cent to 20 per cent copper. Practie
cally all of the ore contains much residual pyrite, quartz,
and secondary chalcocite. The chalcocite replaces pyrite,
quartz, and another mineral which was chalcopyrite or
zincblende. I am sure, however, that there was never any
great amount of chalcopyrite in the ore. It was probably
low grade, say with 1 per cent to 3 per cent chalcopyrite.
It must be remembered, however, that the deposit originally
extended far up above the pre-Cambrian surface and that
the deposition by ascending copper waters occurred during
the long time when the upper part was removed by erosion
and copper sulphate steadily descended. The present
chalcocite zone is, therefore, the product of a very long
concentration. The earlier and poorer chalcocite zone
was subjected to oxidation and re-deposition and advanced
in depth gradually becoming greatly enriched. It is, of
course, possible that the upper, now eroded part of the
deposit was richer in copper than the lower part.

The chalcocite ore is low in silver, lower than
the ore of the United Verde but for a few feet above the
top of the chalecocite zone there is a gilver enrichment
when the ore contains from 10 to 20 ounces of silver.

There is also a distinct tendency to enrichment
in gold in the siliceous masses above the ore. The "Gold

Stopes" mentioned above are examples of this and elsewhere
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it is not uncormon to find siliceous gossgn with from $1ﬂ0§J0

to $3 in pold per ton.

The Pyritic Bodies of lLower Levels

On the 1,500 foot level 150 feet Northwest of
the main body there begins an irregular ares of low grade
sulphide which lies beotween quartz porphyry on the south
and diorite on the north, On the 1,600 foot level the
same body lies up against the main fault and has in part
been cut off by it. It is an irregular area from 100 to

200 feat in diameter and connects with the area on the

| upper level, the mass plunging steeply to the Horth.

The same body has been expomsed on the 1,700 foot
level and is here a rounded mass with a diameter of about
100 feet. On this level it does not quite reach the fault.
It is also in part developed on the 1,800 foot level but

has not yet heen opened on the 1,900.
Though this body does not quite connect with the

upper orebody yet it can not be doubted that it belongs
to the same depcosit, and that it forms part of the vent

through which the mineralizing solutions ascended.

The pyritic body thus plunges to the north, and
it dips steeply to the east so that it has not yet been
cut off by the fault except in part. TFrom present ine
dications it may continue in the hanging of the fault for

pome distance below the 1,900.
It lies in greatly crushed chloritic schist

which in part strikes Northeast while the normal strike

should be Horthwest on the outskirts of the ore and in it

zz/”’/'

o
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also is much fine~grained siliceous rock; evidently the
whole body is & schigt replacement. In large part, how-
ever, it is podr in silica and carries & carbonate gangue.
It is fine-grained often with parallel streaks of pyrite.
Along with the pyrite ig a little chalcopyrite, though
rarely reaching 1 per cent copper. There is alsgo several
percent of zincbleunde and occasionally a little galena.
This loﬁ grade ore is the primary ore of the deposit; it
is in structure and composition eutirely similar to the
low grade pyrite of the United Verde deposit. At the
latter mine, it should be remembered, it is not at all
uncontaon to find the gangue m=ade up almost entirely of
calcite and dolomite.

“hile only small partas of this body now con-
stitute ore it is quite possible that it may contain more
chalcopyrite in depth, and it ghould be followed by a
winze below the 1,900 foot level when the outline of the

ore on that level has been determined.

Conclugion as to the United Verde Uxtension Deposit

The United Verde Tixtension deposit forms a pipe
of sulphide ore, which is entirely similar in geologloeal
situation, composition and structure to the United Verde
deposit, thoﬁgh it is much smaller and poorer. It has
received an extraordinary strong chalcocite enrichment
between the 1,280 and the 1,600 foot levels. The siliceous
capping from the 800 to the 1,250 foot levels indicates
the leached part of the chalcocite zone. No enriched ore

may be expected below the 1,500 or 1,600 foot levels. It
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is possible that in depth the pipe may contain bodies
with enough chalcopyrite to make the ore payable but on
the whole I congider thigs rather unlikely.

Exploration ‘ork

A preat deal of exploratory work has been
carried on by the United Verde Tixtension, consisting in
drifts, crosscuts, and diamond drilling. This work has
been concentrated on the 800, 1,200, 1,400, and 1,700 foot
levels. In large part this work has been done on the
property of the Jerome Verde Development Company to the
north and east. Other objectives have been to develop
the veins or fracture zoneg like the Jain Top and the
Gold Stope veins, and finally to explore the main fault
in order to find the location of possibly faulted portions
of the United Verde Lxtension oreBiody. "ith the exploratory
work should also be classed the Bitter Creek tunnel driven
to the fault from the surface and the 1To.7 tunnel driven
north along the fault {rom Deception Gulch near where it
is erossed by the main road from Jerome to Clarksdale.

These extensive workings have enabled me to

draw certain conclusions which will now be pregsented:

1. ifxploration of Jerome Verde ground Northwest

of Main Top orebody. These explorations on the 800, 950,
1,100, 1,200, 1,400, and 1,700 foot levels have heen gen-
erally unsuccessful, and I recomend no more work in that
direction. No chalococite ore would hardly be expeacted

below the 1,400. The mineralization is weak, spotted,

and irrepular.
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2. Ixploration of Jerome Verde ground north

and northeast of the Wdith shaft. These explorations,

mainly on the 1,400 foot level have disclosed no indications

of mineralization and should be discontinued.

3. Hxploration of United Verde Txtension and

Jerome Verde ground east of the %Mdith ghaft. This develop-

ment work has been carried out over 2,000 feet to the east
on the 1,400 and 1,700 foot levels along the “lorencia
fault and in the vieinity of the Columbia shaft of the
Jerome Verde Company. They have disclosed no proﬁising
indication except a very slight pyritic dissemination necar
Columbia shaft and should also be discontinued. I consider
it useless to drift further along the Tlorencia fault on
the 1,400 and 1,700 foot levels. The fault is entirely

of postemineral age and would not be likely to lead to

‘any orebodies. I class under the same heading the

suggested drift along the Bessie fault from the Transportation

tunnel (on the 1,300 foot level) to the vicinity of the old
ore bins at the foot of the abandoned tramway. The Bessie

fault also is poste-mineral and is not likely to lead to

any orebody. The whole distance exposed by the Transportation

tunnel shows no indications of mineralization towards the
east. It is true that it is impossible to predict what lies
below an area covered By later formationas. But when fairly
extensive development work has shown an absence of all
mineralization of any importance it would seem to be the

part of wisdom to quit.
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4. TDNxplorations to the Southwest in United

Verde Fxtension Ground. Drifting and diamond drilling

has been carried on in this direction on the 800 and 1,200
foot levels and also from the Mo.7 tunnel. The work has
intersected the fault and penetrated far into the quartz
porphyry and the Deception porphyry on the west side of
the fault. Yothing of importance has been found and there
seems Lo be no reason for.continuin@ in this direction.

As the fault is post-mineral it would have no relations

to ore devosit, except by chance. As the movement along

" the fault would have carried smaller faulted fragments of
the orebodies up to the nofthwest there would be scarcely
any such fragments along it to the south.

5. Ixplorations along the Yain Fault Northwest

of the Trebody. These explorations have for nurnpogse the

finding of faulted portions of the orebody. It should be
remembered‘that only relatively emall portions of the ore
has been cut by the fault. The extent to which the main
chalcocite body has been cut is indicated on Plate 3. The
faulted part has not yet been found. Above the faulted
part 1s drag which extends in a steeply dipving direction
to the 1,100 foot level. The position of the drag confirms
the view alrecady expressed that the movement of the fault
haps been mainly vertical, dipping steeply to thie southeast.
Tikewise the sulphide body on the 1,600 foot level has

been cut by the fault, and it is believed that the slab

ore mined from the 500 foot level United Verde is thig

fragment of pyritic ore which has been in part enriched
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since the faulting owing to its exposed condition comw
paratively near the surface. This ore it is said averaged
10 per cent copper. The lower part that I saw was mainly
pyritic and seemed to contain aboukvigiar cent copper.

+ thot probable,
It is possible, however, that this faulted slab

may represent a part of the main égebody. At any rate the
distanee fron the source is just about 1,900 feet which is
the amount considered to be the total slip along the fault
plane. In the vicinity of this slab the up-faulted con-
glomerate is also considerably permeated by oxidized copper
minerals and forms low grade ore in part. “vidently, the
horizontal distance between Sections 2 and 5 from the main
orebodies up to the body on the 500 foot level United
Verde is possible ore ground, though no large bodies need
to be expected.

The explorations in United Verde "xtension
ground comprise the Bitter Creek tunnel; this should be
exteﬁﬁga}gqgig the fault with crosscuts to the fault at
intervals. There will probably be no great amount of backs
above this tunnel in United Verde Txtension ground.

Purther explorations are confined to the vertical
distance between the 1,000 foot level United Verde (Tlev.
4,525) and the 1,500 foot level United Verde "xtension
(Elev. 3,609) on the 800, 950, 1,100, 1,200, 1,300, and
1,400 foot levels. In all cases these explorations are
most detailed about 2,000 or 2,500 feet to the Horthwest
of the main orebody; this is in my opinion too far to the
Northwest as the total horizontal throw of the fault ﬁas

probably not more than 500 feet. On the 1,400 and the 1,700
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foot levels the fault has been most carefully prospected
to the Northwest; in both cases without success. On the
1,700 the fault has been crossed and some explorations
undertaken in the porphyry of the footwall. The United
Verde Company are now drilling north in that vieinity.
I consider the probabilitiesg of finding ore here are
extremely slim.

On the whole I doubt whether any ore along the
fault, if found, will pay for the great amount of cx=

plorations undertaken.

6. Txplorations immediately Worthwest of Ore-

body. Generally speaking the development work in this
direction has not been sufficient. It is true that there
is here an area of diorite between the J'ain Top orebody
and the main orebody while diorite is not exactly the
most favorable country rock yet there may be ore in it
along belts of schist, along the hanging wall seam and
along the main fault. Exploratory work is, therefore,
urged between the main orebody and the I'ain Top orebody
on the 800, 950, 1,100, 1,200, 1,300, and 1,400 foot levels.

7. xplorations to the Southeast of the main

7

orebody across I"lorencia claim. For well known reasons
LA o et e ok e Moo sgpnisas i

little or no development work has been undertaken in the
Florencia claim. Considering that the main orebody is
formed by the intersections of two zones of shearing and
fracturing extending Yorthwest and North Worthwest it seema'
most probable that their continuation with possible ore=-

bodies would be found in the Wlorencia cleim. Tor this
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reagson I advocate careful exploration of this part of
the property, across and beyond the Plorencia claim with
dirfts #n a Southeast direction from the main orebody
and frequent crosgcuts from these drifts. "Work of this
kind is suggested on the following levels: 903 (Slabd
level), 950, 1,100, 1,200, 1,300, and 1,400. Vhile it
is possible that some part of the orebody has dropped on
the south pide of the Tlorencia I hardly expect to find
any ore in the Tloreuncia on or below the 1,500 foot level.
The principal country rock would be quartz
porphyry and 1 expect rather several smaller orebodies in
the ¥lorencia than any new large mass but the claim

desdrves quite careful exploration. Such work as has

been done already looks promising.

8. The Lower Sulphide Bodieg. I have already

stated my belief that, after the low grade sulphide has
been explored on the 1,900 foot level, a winze should be
sunk to a depth of 200 or 300 feet in this body, the

winze to have an inclination northward parallel to the

plunge of the pyrite.




33
The Haynes Group.

Location and Geology

The lNaynes Group formg an area of fifteen
claims elongated north-south and adjoining the United
Verde Mining Company on the west. Almost the whole of
this area is covered by the Iiméstones to the west of
the fault,and it is of course entirely problematical
whether any ore deposits are contained in the underlying
pre=Cambrian rocks.

A few hundred feet south of the area the Verde
Gran@e shaft has been sunk to a depth of 800 feet, Jjust
below the brown basal sandstone. Hothing of value is
reported except a little pyrite and chalcopvrite on or
near a contact. INear Haynes shaft there is an area of
pre-Cambrian rocks: Greenstones, quartz porphyries
and sedimentary metamorphic rocks, and these extend up
into the gulch adjoining the shaft to the south. 1In
this gulch about 200 feet above the shaft a 300 foot
long tunnel has been driven in a westerly direction in
me tamorphic rocks, but no mineralization is disclosed.
At the end of the tunnel is an east dipping slip, striking
northerly and evidently a post mineral dislocation.

The Haynes shaft, ét the base ball grounds, has
a collar elevation of 5,416 feet and is located in the
Southeast corner of the Contention claim just below the
brown basal sandstone. It is 1,200 feet deep, vertical

with several hundred feet of drifts on the 700 and 1,200
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foot levels. Nothing of value has been disclosed; no
mingraliZafion shows on the dump and the ghaft is ine
accessible.

Close by the shaft courses a compound dislocation,
called the Haynes' fault, the north side of which has been
thrown down, not more than 300 feet. It probably dips 70°
North and will probably intersect the United Verde orebody
on or about the 3,000 foot level, though there is a
possibility that, becoming flatter in dpth it may parallel

the hanging of this orebody.

Apex Rights in the laynes Group

There is evidently no present value in the ex-
posures so far made but the question of apex ripghts with
reference to the United Verde orebody should be considered.
It will be seen from Plate 1 that the 2,400 foot level of
the United Verde lies about 500 feet Southeast of Haynes
shaft and the 3,000 foot level would probably b§1400 feet
from the same point. The orebody has here a more elongated
form and it enters in fact for some distance in the
Warrior claim on the 2,400 foot level. About the 4,000
or 4,500 foot level if the orebody maintains its attitude
it may enter the Southeast part of the Contention claim.

If the tendency to elongation Tast-West continues it may
even enter the Contention claim at a higher level than

that just indicated.
The outcrops of the United Verde orebody lie on

the Tureka and Chrome Southwestern claims, and 1 believe

that & lode line or apex may be established across the
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side lines of these claims. The apex law would then
consider the side lines to be end lines and the side
1ineﬁ would govern the extralateral sweep.

1t will be seen from Plate 1 tiat this sweep
would be entirely in the United Verde property, and that
it could not possibly cover any part of the Haynes group.

On the other hand, as far as now known, there
are no apex rights in the laynes group, and I conclude
from this that the common law of surface properties
would govern.

In other words, the boundary planes would be
vertical and the United Verde have no rights if any of

their orebodies should cross these vertical planes into

the Haynes group.
Respectfully submitted,

AZezébﬁh«‘aa cizﬁflé%$74hz/«

Cambridge, Mass.,
Auguat 10, 1926.
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MINING PRACTICE AND METHODS AT THE

>

UNITED VERDE EXTENSION MINING COMPANY, JEROME, ARIZ.!
By Richard L. D'Arcy?

INTRODUSTION

This paper describing the mining practice and methods at the United Verde Extension
mine, Jerome, Ariz., .is one of a series of papers in preparation by the Bureau of Mines
presenting the mining methods used in various mining districts of the United States.

~ The United Verde Extension mine is a massive, high-grade deposit of copper sul-
phide. containing some gold and silver and is mined almost exclusively by the conventional

square-set method with some local modifications.

About 450 men are employed underground and 1200 tons of direct smelting ore is
produced per day. Figure 1 is a surface map of the Jerome district.
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HTSTORY OF DISTRICT

The development of the Jerome mining district as an important source of copper,
gold, and silver dates from the development of the mine of the United Verde Copper Co. This
mine was located in 1876 and worked in a small way at shallow depth for its gold-silver
values until purchased in 1889 by Senator W. A. Clark of Montana. Production from-this mine
increased steadily, especially after 1894, when the narrow-gauge railroad from Jerome- Junc-
tion was built. From 1900 to 1918, inclusive, the mine produced slightly over 7 million

- 15 The Bureau of Mines.will welcome.reprinting of this paper, provided the following footnote acknowledgment is nused:

__"Reprinted from U. S. Bureau of Mines Information Circular 6250," .
2 - One of the consulting engineers, U. S. Bureau of Mines, General Supsrintendent, United Verde Extension Mining Co.
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tons of ore containing 750,000,000 pounds of copper, 12,374,000 ounces of silver, and 403,000%
; ounces of gold. Recovery per ton for this period was about 100 pounds of copper, 1.75 ounces

: of silver, and 0.057 ounces of gold. From 1918 to date the United Verde has been one of

i ? the most important mines in Arizona, and the total metal value of its product probably has
' been greater than that of any other mine in the State.

£ ! ; The success of this mine encouraged capitalists to attempt to find olher impertant i
ore bodies in the district; this led to the development of the United Verde Extension, the
second large mine of the district.

I

The United Verde Extension mine was brought to successful production through the
efforts of James S. Douglas and associates, who assumed the financing of the property from )
the time when it was a small prospect. Their efforts were rewarded in December, 1914, by I
the discovery of a small high-grade vein of chalcocite. Finally in January, 1916, a big {

lens of high-grade chalcocite was opened up on the 1400 level. This lens, when fully out-
lined on this level, proved to be oval, with a maximum length of 500 feet and a maximum
width of 300 feet. Virtually all of the lens was clean, high-grade ore. From then on the
mine rapidly became an important producer.

SN APRERERTT 427
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Production started in 1915 and has been maintained ever since. From 1915 to 1928,
inclusive, the mine produced slightly over 2,000,000 tons of ore containing approximately
535,000,000 pounds of copper, 4,100,000 ounces of silver, and 76,000 ounces of gold, with a
gross metal value of approximately $98,000, 000.

GEOLOGY

The geology of the Jerome district has been described in detail by L. E. Reber,
jr.® The Verde fault is perhaps the most striking structural feature of the district. This
fault strikes about N. 40° W. and can be traced on the surface for miles. The dip is about
59° to the northeast. It is a normal fault, and has a known vertical downthrow of approxi-
mately 1,600 feet.

The United Verde mine is immediately west of the fault; that is to say, it is
located in the footwall, while the United Verde Extersion mine is close to the fault in the 5_
hanging wall.

f
e PR BN PR

v The fault is directly responsible for the discovery of the United Verde mine. it -
cut through the mineralized zone, dropping the section to the east 1,600 feet, as has been

stated, leaving the greater portion of the zone in the footwall but exposing it in the
newly-formed hillside.

The geologic section (fig. 2) at right angles to the fault shows the sequence of
the geological formations. The United Verde Extension shafts go through lava, conglonerate,‘§§

3 ~ Reber, L.E., .Jr., Geology and Ore Deposits of the Jerome District: Min. and Met., Mzy, 192C.
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jimestone, and sandstone before encountering the pre—Cambriah rocks about 600 feet below the
surface. The general distribution of the pre-Cambrian formations is shown iq Figure 3, a
plan of the 1400 level. The principal types of rock are diorite, quartz porphyry, green-
stone, and schist. Greenstone is a name given to a variety of complex rocks, from fine-
grained greenish black basic rooks, -to light-colored rocks resembling rhyolites. Probably
‘the schist is mainly altered quartz porphyry and altered greenstones of the more acid types.
It is in the schist that most of the ore in the district is found:

HRaEL - JUT : METHODS OF DEVELOPMENT AND MINING
¥ € " : ? j lopment

The mine is operated through two vertical 3-compartment shafts and a large cross-—
section haulage adit connecting both shafts-on the 1300 level. Both shafts are of concrete,
located about 200 feet apart and 1,000 feet north of the main ore-bearing zome. This loca-
tion has been very satisfactory because the shafts have been in firm rock from collar to
bottom: conditions have been ideal for the rather elaborate system of ore and waste pockets,
skip-dump pockets, transfer raises, and tunnel-loading pockets immediately adjoining the
shafts.

-.+:-The layout of ore pockets at the Audrey shaft is shown in Figure 4. Ore from
below the tunnel level is hoisted in 3-ton skips running in counterbalance to a point above
the 1100 level; the skip is dumped by movable guides which show red lights in front of the
hoisting engineer when in dumping position and green lights when the shaft is clear. The
ore passes from the dump;ng point to an air-operated deflecting door on the 1100 level,
which turns the ore one way or the other as desired. Three converging pockets meet just
below this deflector, two for sulphide ore and ome for silica convertier ore. From these
pockets the ore is loaded into trains of standard-gauge cars in the main haulage adit on the
1300 level. Control at this point is by means of finger gates made from bent 70-pound rails
operated by air cylinders. .

The main tunnel is 2-1/4 miles long and approximately 10 by 10 feet in cross sec-
tion. Some sections of the tunnel are of solid-concrete arch construction, and others are
timbered with 12 by 12 inch sets on 5-foot centers. About 4,000 feet is rock section with
gunite .coating, and the remainder is unsupported rock section.

From the portal of the tunnel a standard-gauge railroad connects with the smelter
at Clemenceau about 5 miles distant (fig. 1). Haulage through the tunnel is with a 25-ton
electric motor handling trains of eight 30-ton cars, which are made into trains of 16 cars
each at the portal and taken to the smelter by a steam locomotive. -

Levels are run on the 550, 800, 950, and 1100 foot elevations and on 100-foot
jntervals from 1100 to 1900 feet, inclusive. These elevations refer to distances below the
collar of the Daisy, an old prospect shaft. The actual depth of each level below the col-
lars of the Edith and Audrey main shafts is about 200 feet less than indicated. The main
producing levels in the big ore lemns are the 1300, 1400, 1500, and 1600. Production from
outlying smaller ore bodies extends from the 550 to the 1700 levels. : .
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As stated before, both main shatts, known as the Audrey and Edith, are of so
concrete The Audrey is the ore-hoisting shaft while the Edith is used for handling
and supplies and development waste The Audrey is operated one shift and the Edith thr
shifts per 24 hours. The Audrey shaft was equipped after the ore was found and was co
creted immediately, but the Edith was sunk for prospecting purposes and was at first timbe “
ed. Later, it was concreted, and Flgure 5 shows a cross section of the completed concrete.
The changing of this shaft from timber to concrete was done partly on a cost-plus basis wi

a contractor in charge of the job, and partly by a picked mine orew working under a bonus.
agreement. A comparison of these two methods is rather instructive and is favorable to the:

bonus work, where each man participated in the benefits. Shaft-sinking has since been done;
under a simllar agreement with very satisfactory results.

?oilooing are'detaiis-of tnehsheft concreting costs:
'Edith shaft concreting

Three-compartment shaft (2 hoisting compartments 4 feet by 5 feet 6 inches, and 1: ‘
manway and pipe compartment 5 feet 2 inches by 5 feet 6 inches), shaft wall containing 671 ‘
pipes in sizes varying from 2 to 8 inches. ’

Shaft concreted from 1400 level to Sur(ace, a distance of 1205 feet, 1ncludin§.ﬁ‘ ‘
7 stations. ]

Work started February 1, 1921; completed July 25, 1921.

Work was done in two sections; first section from 800 to surface, 575 feet on ¢on— - |

- tract basis, second section, 1400 level to 800 level, 630 feet, was done on bonus basis on
footag> made per day.

The actual cost of m1x1ng and placlng the concrete in each section, not consider1ng
the prellmlnary cost of installing the crushing plant, removing old pipe lines, and placing
" guides and chairs in the concreted sections, was in each instance as follows:

H - 1st section

; _ ' . 575 feet, including 2 stations.
" ~ TWork started February 1, 1921; finished

April 21, 80 days.

Average advance, 7.19 feet per day.
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Costs
Labor (including supervision at $10 per day) $8,827.20
Cement (6,564 sacks at $1.10 per sack) 7,220.40
Sand and gravel, (1,498.1 yds. at $2.50
per yd.) ’ 3,745.25
Power used hoisting and crushing
(25,380 kw. h. at 2¢ per kw. h.) 507.60
Reinforcing iron, 10 1b. per ft. of shaft
at 10¢ per 1lb. 575.00
Form lumber $1.50 per foot shaft 862.50
Bonus paid -3,075.00
Total cost for 575 feet $24,812.95
Cost per foot $43.14
2d _section

Distance concreted, 630 feet, including 5 statioms.
Work started May 1, 1921; finished July 25, 1921, 86 days.
Actual time of concreting this section of shaft, after
deducting the time lost in cutting new stations, was
69 days, or an average per day of 9.13 feet.

Costs
Labor (including supervision at $225 per mo.) $5,068.50 ;w
Cement used (6,296 sacks at $1.10 per sack) 6,881.60 cooTT

Sand and gravel (1,434.5 yds. at $2.50 per yd.) 3,586.25
Power used hoisting ard c¢rushing

(29,310 kw.h. at 2¢ per kv.h.). 586.20 i
Reinforcing iron, 10 lb. per ft. of shaft, %ﬁ
at 10# per 1b. 630.00 i

Form lumber (640 ft. of shaft at $1.50 per ft.)  945.00 i
Bonus paid 2,056.50 :

Total cost of completing section $19,754,05
Cost per foot g $31.35

Mixture used was 1 part cement, 2 parts sand, 5 parts crushed rock, or 5-1/3 sacks of cement,
10 cubic feet fines, and 23 cubic¢ feet crushed rock per yard of concrete in place.

Prifts

Many different rock conditions are found in the mine, varying from very hard
quartz gossan to extremely heavy swelling ground. To meet these conditions several kinds of
‘Standard drift timbering are in use. Figure 6 (a), (b), and (c) show the various sets used

“for (a)-a small prospect drift, (b) an' ordinary hand-tramming drift, and (c) & motor drift:
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also (d) shows the use of old rails or pipe in place of lagging in ground that is very sof
and inclined to swell. It has been found that by using rail lagging in swelling ground th
soft gfound squeezes through between the rails, and very little pressure develops on the f{
itself. Figure 6 (e) shows a method of timbering in soft ground which is not bad enough:;
require -spilling and still needs some support overhead. This is provided by carrying slidipg
booms over the sets which are pushed ahead as needed. :

In the main haulage tunnel several different types of support were used, two f
which are shown in Figures 7 (a) and (b).

Gunitin

b

Guniting was used very successfully in a section of the main tunnel 4,000 feei

long. This part of the tunnel was through an old recemented river-channel conglomerate,’
which was comparatively hard when first broken but after exposure to air and moisture tende?
to slack and slough. Had this not been gunited it would have needed timbering through the! L
entire section. The gunite has now held for over 10 years. If this section had been sup——"
ported by timber it would have needed at least one complete renewal of the timber. Gunite: |
has been applied in other sections of the mine with little success, due to slight groun{{
movements, that break the gunite and render it useless in a very short time. '

A record of the cost of guniting this 4,000-foot section of the main tunnelf;
follows. ;

Size of tunnel 10 by 10 feet

Footage gunited 4,098
Mixture used 1 cement to 3 sand
Applications 2 coats
Costs ' ; 1
Labor $2,581.29
Cement (2,056 sacks at $1.10 per sack) 2,250.60
Sand (263 yds. at $2.50 per yd.) 657.50
Machinery repairs and supplies . 282.84
‘ Total cost $5,772.23
Cost per linear foot of tunnel 1.40
Cost per sq. ft., approximately .046

“? Bulkhead drift sets

ﬁ~-1 S R

A'sysiem of holding extremely heavy gangways through the pillars in .the main o;ﬁ
body is shown in Figure 8. It has been found that solid timber bulkhead built as shown, |
using the waste ends of timber that accumulate in a mine of this kind, will hold a ground:
pressure that would break ordinary heavy timber sets several times a year. In fact, on o -
level a section of this kind of bulkheading put in on one side of a drift opposite a solid
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sinforced concrete bulkhead 5 feet thick has stood the strain very well, while the concrete
‘has been forced out of place and cracked and has had to be blasted away to make clearance

‘for gangways. 2

) Baises

Three kinds of timbered raises are run in the mine. Wherever the work is to be
followed by square-set stoping the standard 2-compartment square-set raise shown in Figure 9
is used. The chute compartment is lined with 2 or 3 inch Oregon fir lining, depending upon
the service expected. The manway provides a timber slide in one corner and has landing
platforms on each floor. 1In addition to the square-set raise two kinds of cribbed raises
are in use. The smaller raise is timbered with 3-inch Oregon fir cribbing, giving two com-
partments 3-1/2 by 3-1/2 feet in the clear. For heavier 'use crlbblng is made of 6 by 8
inch material and compartments are 4 by 4 feet in the clear.

Stoping

Because of the heavy massive nature of the main ore body, the richness of the ore,
and the necessity for mining in such a way that no blocks of sulphide ore are allowed to
move and generate heat only the square-set'system of mining with stopes tightly filled with
waste has ever been used in the main sulphide lens. By using the square-set system of min-
ing with stopes tightly filled with waste complete extraction of the main ore body has been
possible with practically no dilution. Moreover, this system has allowed careful prospecting
of the walls, which has resulted in finding many small rich lenses of ore that would other-
wise have been missed.

A typical stope is shown in plan and section in Figure 10 (a). The stope sections
are usually 3 sets wide in fairly solid ore and 2 sets wide in the heavier ground. If the
ore is very badly broken it is sometimes removed in slices a single set in width. Slices
are taken 100 feet high, as that is the interval between levels throughout the mine. The
o length of the slice may be anything %o suit the conditions, usually being from 10 to 20 sets.
Ore chutes are placed in about every fourth set, and alternate chutes have manways beside

"“g' “them. By spacing chutes in this manner and leaving slides with grizzlies in adjoining sets

- as shown the shoveling of ore into chutes is virtually eliminated. Tf no weight develops

on the timbers after one floor is removed another is removed and sometimes several more be-

fore filling with waste. This reduces the cost of mining, as most of the ore rolls to the

chutes, and a large part of the fill can-be run into place by gravity. When several floors

are mined before filling the timber is protected from the fall of the blasted ore by placing

| = grizzlies of T7O-pound rails, 6 feet long, held in metal holders, immediately below the

| B mining floor. By using metal holders the 'grizzlies are moved very readily and placed where

needed: After one section -is finished it -is filtled entirely, ®xcept the chutes and manways

needed for entrance to and mining of the mext slice. ‘The chutes also serve for fill holes

tor running waste into the new section. By having a fill hole in about every sixth set and

mining several floors before filling there is very little shoveling of waste fill, If con-

ditions are such that the waste will not spread a light metal gob chute is placed in the

£ill hole and the waste Spread with a car or wheelbarrow. Figure 10 (b) shows the details
of the chute gate. - : :

-
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All timber used in stoping is standardized (fig. 11). Figure 10 (c) shows
standard angle post for offsetting a set. In the heavier sulphide stopes nearly all ti
is 10 by 10 Oregon fir, but in the lighter ground much 8 by 8 Oregon fir is used. 1In
heaviest sill-floor gangways all timber is of 12 by 12 dimensions.

'Although the general method of mining used is the well-known square-set syste
several modifications have been developed locally to apply to conditions existing in this
i particular ore body. A general technique of mining under this system has been develop,f
| which has an all-important bearing upon the efficiency and safety of the mining, especialv

in holding the unmined pillars so that there is no movement of ore, with resultant heat and
danger of fire.

A system of mining badly broken pillars by stoping up through the center with
small square-set cuts, then tying across the top with timber stringers and slicing the sides
downward, has been quite successfully used. This method is shown in Figure 12. On most of ==
the producing levels in the main ore body the mining has been done in such a way that pillarsiuv
usually about six sets wide have been left over the main extraction gangways, extendingﬂf
vertically from level to level. These pillars have been standing for many years while th;;f:
ore on both sides and on the level above has been removed. Resultant movement has in manyhm

1 instances thoroughly broken these piilars so that they would be very difficult to mine by
ordinary square-setting from the bottom upward. Moreover, the gob lining between the pillars-ﬁf
and old stope sections is often found to be rotten and broken. By taking a small square-set }3
slice up through the middle of the pillar, using as a cutting point the old chute and manway'f;
in the section previously mined .and filled, then tying across the top under the old filled -4
level above and coming down with a series of 10 by 10 timber stringers from pilot sets to
the old gob line, it has been found that these pillars can be removed very effectively.
Quite often this ore between the sets and the old gob can be taken down by the use of a bar
alone, without using explosives at all. If the old gob line is broken or rotten it is
braced back by stulls between the stringers and new cross lagging. After one-half is fin-
ished it is filled with waste dumped in from the level above and the other half mined the
same way. After all the mining is completed everything is filled except a chute and manway .-
on the advancing side to be used as a cutting point for the next slice. ) , ; »‘f;

Underground transportation

Main haulage levels in the main ore body are maintained .on the 1400 and 1600
levels, and the ore from the levels above is passed through a series of transfer raises.
Haulage on -these levels is done with 5-ton trolley locomotives running on tracks with 30- -
pound rails and minimum curves of 25-foot radius. The car used in this haulage is the 30 3
cubic foot side-dump car shown in Figure 13. = Cars of this type have been in continuous
operation for 12 years and have proved satisfactory. Chute doors used throughout the mine
are illustrated in Figure 14. This type of .chute door was copied from one used in the.
United Verde mine. The same type of door, operated by an air cylinder, is in use on most of

the main haulage transfer chutes. A 16-cubic foot car used for hand tramming is also shown
in Figure 14.

On other levels where the tonnage produced is much less and where the worki
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: :places are widely separated sooh of the tramming is done vith email etorage;battery motors.
3 ‘Six of these are in use in various sections “of the nino They have proved satisractory for
"noving small tonnages of ore rrom sca*tered workings and for handling development waste
from long prospect headings.‘ ’ - =

‘- e miems i siemmrewe sdeea - S e -5 cee e PR

Figure 15 shows the transrer apron and grizzly used on a level for transferring
'ore d'irectly from a. chute into an ore pass

Figure 16 shows the loading gates of the main ore pocket on the 1300 level. ; 4

: ) Figure 17 shows the timber crate used for handling timber in the cages and Figure
18 the details of the car for handling drill steel in the mine.

) " CONTRACTS
- In an effort to obtain better progress and more efficiency drifting and raising
are generally done on contract. All contracts are let directly through the superintendent's
‘orfice In a raise the contract specifies the footage to drive to the next level. In
_ drifting the footage is generally limited to 100 feet. although contracts have been let for
,nore The contract stipulates the price per foot, the price per sot of timber, the size of
opening required and, in a raise, the kind of timbering The contractor pays for all ex-
ploswes used. The contractor gets his regular day-pay “check on pay days, and settlement on

his contract is deferred until the first of the month Settlement is then made according

to the engineer s measurement and payment made on the 15th of the month

Drifting contracts may run for months. When a contract is completed the contrac-—
tor obtains settlement immediately, if he so requests.

Bonus work was tried out some years ago In the stooes it resulted in hurried and
consequently poor nuning " The sav1ng effected was not considered enough to compensate for
this disadvantage " In driftlng ‘and rais:.ng difficulty was experienced ‘in setting rates. \

The straight contract system was decided upon as being more acceptable to the workmen ‘

el - =,
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’ ) VENTILATION '

The mine is ventilated mechanically by a surface exhaust fan installed at the top
of a return-air system extendlng to the 1200 level. Rock temperatures are not very high,
but a conslderable amount of heat 1s generated by oxidation an.d timber decay, and the system

,a uine fire . R s

Py (=N B T B D im vete e~ we cve - - "

A multivane, forward-curved blade, single-inlet, single-width, ‘centrifugal fan is

v uged,_gith a. 78-1/2—1nch rotor operated at 346 r.p.m. by belt drive from a 250-hp., 2,200-
volt 60-cycle. S—phase, 585-r. p.m. sllp—rmg 1nduction motor. It exhausts from a 6.33 by
15 Q i‘oot raise through a 10-foot concrete duct on a 30-degree slope and 4.5 by 5.5 feet in
section ‘This fan is at present exhausting 100,000 oubic feet per minute of air saturated

at 70°. T o Y ot
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i A single-~inlet, single-width, multivane, forward-curved blade ocentrifugal
with 52-3/8 inch rotor, is connected to the opposite end of the air raise by a similar
crete duct; this is ar auxiliary installation and is installed to operate at 590 r.p;u;'ﬁb
belt drive from a 75-hp., 2,200-volt, 875-r.p.m. induction motor. Each fan duct has a wingh.
operated door hinged to the floor and held in place both by fan pressure and gravity.

All long'development headings are ventilated by fan-pipe installationms, using smal}
air or electrically-operated blowers, with 10-inch galvanized-iron piping. ;

FIRE HAZARDS

On account of the heavy ground in the mine considerable timber is required. Due
to this and to the fact that the main ore body carries a high sulphur content a fire menace
is always present. Timber bulkheads are used to maint&in haulage and extraction drifts in
various parts of the stoping sections of the mine. To control any fire starting from the
above conditions fire hydrants and Standpipes are placed at all places where hazards exist.

A fire patrol is maintained on the graveyard shift, and all hazardous places are
wet down two and three times a week. 1In addition, large independent fire lines are main-
tained on the main working levels. These lines are direct-connected to the pump columns
where a large source of water would be .available if needed. In addition to this, all air =
lines can be converted into water lines in a few minutes by the use of installed by-passes. — - 1

In the timbered section of the Edith shaft sprays are placed at 300-foot intervals,
and the timbers in this shaft are wet down at least three times a week.

FIRE-FIGHTING EQUIPMENT

A complete mine rescue station is maintained with all the necessary fire-fighting _
equipment. Figure 19 illustrates a small portable disk fan. This type of fan has proved
successful in other parts of the Southwest in fighting fires. The fan is equipped with a
110~volt, alternating-current, single-phase, 60-cycle, 850 revolutions per minute, Gemneral
Electric repulsion motor. It is mounted on a mine truck with a reel carrying 1,000 feet of
No. 14 duplex rubber cable that can be connected to the lighting circuit. The fan and reel

are mounted on a turntable and can be locked in any position desired. Figure 20 shows an
emergency tool truck for fire-fighting.

Sets of oxygen breathing apparatus and gas masks are kept on hand, and men have
been trained in their use. Fifteen active rescue men are required to practice rescue and
fire-fighting at least twice a month. These practices are followed by occasional maneuvers 3

in which all apparatus men pParticipate. Apparatus men practice on company time and are paid
a bonus of $7.50 a month.

o All shift bosses, jigger bosses, and tool nippers are trained in first aid, and
first-aid stations or cabinets are maintained on all active levels. The training of appara-

tus and first-aid men is in charge of the safety engineer, who is also responsible for the
maintenance of the rescue station.
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ACCIDENT PREVENTION

tried and abandoned in favor of the present method.

UNITED VERDE EXTENSION MINING COMPANY

N e

The safety engineer makes daily inspections and reports all unsafe conditions to
the mine superintendent, mine foreman, and the shift boss on each run visited. Safety
propaganda in the form of bulletins and individual talks by the safety engineer on inspection
trips through the mine impresses the safety idea upon the men. Safety committees have been

EFFICIENCY DATA
YEAR 1928
\ Tons mined per man (stoping shifts) 4,84
w Tons mined per man (underground shifts) .47
| Tons mined per man (total shifts) 2.00
| Feet advanced per man (development shifts) 117
| | Mine timbers and handling cost (per 1000 board feet) 36.24
| : Mine timbers ani handling cost per ton .67
i j : Mine timbers (board feet per ton) 16.82
ﬂ Total board feet used per ton 18.53
| Pounds power per foot advanced 6.14
?‘ Feet fuse per foot advanced 19.10
| Number caps per foot advanced 3.29
i Pounds carbide per underground shift .85
1 Pounds powder in stope per ton .39
| Feet fuse in stope per ton 1.93
‘ Number caps in stope per ton .35
| UNITED VERDE EXTENSION MINING COMPANY
| = MINING COSTS
YEAR 1928
l Tons shipped during period: 275,212
Cost per ton
Prospecting and development $%$0.611
Extraction 1.710
] Repairs and maintenance .260
{ Ventilation .068
| > Haulage . 357
| = Hoisting .151
Pumping and drainage .039
Underground miscellaneous .107
Rock drills -152
= : " Compressed air .092
foee Waste pit .005
Office and general - b« |-
~TOTAL COST PER TON  $4.286
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REPORT
ON THE
UNITED VERDE EV.TENS IOF MINE

BY
J. L. FEARING, JR.

IRTRODUCTION.

Purpose of geclogy. The aim of a mine

geologpist is to
confine prospecting to those plaéea which are
favorable for ore deposition. By 80 doing he not
only may locate new orebodies, but also ray save
8 large sum of money which ordinarily would be
spent exploring worthless aress. To be of any
real value, geological work must be thorough and
acourate, and the conclusions which follow must

be in accord with indisputable facts,

Status of geologieal
"OZ'E BE Eﬁ. U.U.!-
geological study of

the United Verde Extenszion mine has reached the

I belisve that the

Btage where certsin conclusions gre definitely
established as facte and of much practical value,
!horoforo; I submit this report on my findings
together with certain prospecting recommendations

to be used as a guide to future work,



PART 1.
GEOLOGY,

Qutline of distriot The oldest rocks in
E6010Ey .

the Jerome district
are a series of volcanic flows and fragmentals and
bedded sedimentaries, locally termed "greenstone",
They are intruded by two quartz porphyry 31119;‘_,
the older of which 18 ¢alled Deception porphyry,
and the younger and uppermost, Cleopatra porphyry.'
Daring this poriéd of large-scale intrusion, the
greenstones were folded und made schistose, while
at 1ts olose the whole meries was tilted down %o
the north very abruptly. Msny plugs and dikes of
diorite then eut all of these formations, and
they comprise the youngest of the pre-Cambrian
rocks, The pre-Cambrian surface was then leveled
by erosion and covered by Palseozoic sediments and
Tertiary basalt; which to this day are flat and
undiaturbod'oxnopt by faulting,

Orebodies. The orebodies of the

district were formed
soon after the diorite intrusion and long before
any of the palaeczoic sedimentary rocks were laid
down. The oro'lolutions, however, are more closely

related strusturally to the Cleopatra quartz porphyry.
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This i8 probably due to the fact that the
solutions eould find no ghannel in the diorite,
which is massive and impervious, The orebodies
wore formed by replacement of certain favorable
greenstone schists, but there are some bodies of
commercial ore in the porphyry itself. The
primary ores are sulfides in which pyrite pre-
dnminatoa; and chalgoopyrite is the chief primary

copper mineral,

Faulting. The most prominent of
the post-Tertiary
faults, which is known a8 the Verde i’ault; strikes
northwesterly in the viocinity of the mines and dips
northeast at 80 degrees., This fault has shifted the
formations on its northeast gido gown 1700 feet,
measured in a vertical plane, and % the southeast
horisontally about 1500 fest. The result of the
weathering of the fault scarp proanood i that in
the footwall the pre-Cambrian rocks are exposed at
the nnrfaco; while in the hanging-wall they are
overlaid by 800 feet of Palaeosoic and later rocks,

Rolation of U,V,X. orebody The relation of the
erde Tault,

United Verde Exten-

8ion Main orebody to the Verde feult has always

been more Oor less 0of a mystery to many who vieit

the mine. A conoclusion that is quite eommonly
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arrived at is that the ore will follow the fault
downward instead of being out off by it., The
argumnent is that even 1f there were no movement on
the fault in pre-Cambrian time, a line of wesakness
existed up which the ore solutions came and near
which they acted most effectively.

Yerde fault is not the There ure several
ore chsnnel.

reasons why such an
hypothesis 18 unlikely. 1In the first place; it
is known that the ore ie cut off by the fault in
two places, Socondly; 1f the line of weskness ex-
isted in pre-Cambrian timo; it would be reasonable
t0 expect to find other orevodies along the Verde
fault., A considerable amount of work hae been
done on the fault in various prospects both north
and south of the United Verde Extension mine, and
no mineralization has ever bdeen found., It is much
more reasonable to sssume that the orobody; with
its altered and softened surrounding rocks, formed
a line of weakness for the subsequent faulting,
The Tunnel and the Bessie faults; lieing a half of
a milg and a mile respectively east of the Verde
fault, are similar brca.k,‘n every way. If the
lines of weakness are of pre-Cambrian age, these

faults should also be mineralized, and, so far as
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ie known; they are not. Thirdly; I have arrived

at the conclusion that the Main orebody is not in
any fault zone, This 18 an important conclusion,
because it has always been thought that the hang-
ing-wall gouge passed through the orebody, dbut it is
not an eesential part of the argument against the
orebody being localized by the fault zone, The
orebody is vertical and the fault, dipping into 1%
at 60°, diverges from 1t going uwp so that the goesan,
or upper manifestation of the orebody is beyond any
question outside of the fault zone entirely from the
1100 level up. These points are well brought out

in the vertical section attached hereto, The United
Verde and United Verde Extension orebodies are sim-
ilar in every way and it does not seem reasonable to
assume that they were formed under wholly different
oiroumstances., The United Verde orebody certsinly
was not formed at the intersection of unmy line of
wesakness with favorable formations,

Ore localizstion. R, W, Hart came to
. Aart's eory.

the conclusion that
the United Verde Extension ores were localiszed by
the intersection of the Florencia fault with a
mass 0f schistose Cleopatra quarts porphyry. This
idea is no longer held because the following ob-

served facts make it untenable:



1., The Florencia fault is distinctly of
post-Tertiary age.

2. The ores are largely greenstone,
rather than quartz porphyry, replacements,

Ore locglization, ¥y study leads %o
B, ~resent theory.

the opinion thsat

the United Verde smd United Verde Extension ore-

bodies wers formed under eimilar ciroumstanoces,
It is my belief that the three following factors
not only controlled their formation, but_ ars pre-
requisite for the finding of other orebodies of
ma jor importance:

1, Proximity to the upper, or north,
contact of the Cleopatra quartz prophyry sill,

2, BRasily replaceable, schistose green~
stones in contmct with the guartz porphyry.

&, Close foldings of the greenstones wi th

the development of favorable structures in them,
and interfingerings with tongues of schistose quartz

porphyTy.

An 1r_npervioun hanging-wall, such as
the diorite provides, though probadbly not essential.
for ore doponition; undoubtedly plays an important

role in concentrating ore solutions,

Importance of porphyry. The importance of

having an underlie-
ing mass of Cleopatra quartz porphyry can hardly
be over emphasized. There is little doudbt that
the ore solutions ocame up through schistose

portions of the perphyry. Rising in the porphyry,
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they would be concentrated ut fts upper edge. They
would tend to show greater concentrations at amy
outward bulges in this upper contact, If the ad-
joining rooks happendd to be favorable for
roplaoomnt; ore deposits would be likely to result;
but if they happened to be unravorable; the ore
solutions would be likely to travel up the ocontact

and be wasted.

Favorable greenstiones, What are the easily re-

placesble greenstones?
Detalled study alozig all poseible lines has lead %o
the conclusion that the rooks favoring roplaoement;
in addition to the porphyry 11;5011'; are the bedded
sedimentaries snd adjacent acid voloanic fragmen-
tale., A schistose eondition uppears to be the
most important prerequisite, The inoreased
permeability which it gives the rooks aids the
attack of the mineralising solutions, The basic
voleanic greenstones appear 0o i.fford 8 wholly
unfavorable environment. The 4ifference in the
replaceability of these various rocks is believed
to be due not so much to their unlike chemical
natures as to the fact that the acidio roaks are
brittle mmd orack mily; giving ru@y access to
ore lolutuns; while the basic rocks, when sub-

jected to stiresses, do not orack but compress and,

A ey g B R e PO B NP NS B
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by the process Xnown to geologist as "plastioc
deformation”, are made even less permeable than

they originally may have been.

Favorable structures, The brecciation which

is attendent upon

folding of the greenstones makes them more access-
ible to mineralizing solutions, The United Verde
orebody 18 probably localized in the crest of a
northward plunging anticlinal fold in the favorable
greenstones, This structuwre, in addition to the
arched-shaped hanging-wall of diorite, has, beyond
a donht; besn responsible for the great size and
persistence of the United Verde sulfide pipe. The

United Verde Extension orebody is looalized in a syncline, .

The anticlinal and synolinal bends undergo the most
fracturing, which is important. another favorable
strusture is found in outwarad bu}goa along the
upper edge of the Cleopatra 8111, and it sots

much like those mentioned above in that it causes

a concentration of solutions,

Chances of finding new Enough work has

ore zones,
been done in the
Verde district to make it seem unlikely that any
new ore zones; comparable % those of ths United
Verde and United Verde Extension mines, will be

found unless s duplication of structural condi-

R —
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tions can be' approximated, and, 80 far as is now
known, these conditions are non-existent elsewhere,

Verde Central type of

Perhaps the moset
mineralization, ‘

convineing argument
in support of the idea that the Cleopatra quarts
porphyry is the rock most ¢losely related struoc-
turaelly to the mineralization ias the fast that
throughout the distrioct a certain amount of sulfide
is usually found along its margins, This ocontaot
mineraligation generally results in lenses of
primary ore which are too small to be commercial.
But even in the absence of those conditions which

are believed to be necessary for the formation of

large orebodies, small but commercisl, copper sulfide

lenses msy be developed,

To date the Verde Central subsid-
iary of the Calumet and Arisona Mining Qompany has
been the most promising of the "oontaect” prospects;

but the profit that will result from mining the ore

now developed or partially developed will not off-
set the umount of money that has been spent in itms
development. Although the actual ore area on the
bottom level 1s less than it is on several of the
upper levels, the total pyritized areais larger.

80 the Verde Central looks encouraging enough to

warrant deeper work in anticipation of having the

ore area get larger with depth as it has done sev-
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eral times in the United Verde Mine,

Secondsry enrichment. The United Verde once

must have had an en-
riched sone as extensive as that of the United
Verdé Extension. Numbrous pieces of "float" found
along the hill s8ide from the mine workings to the
Yoerde valley point to such & probability. Struc-
turally, there is no evidence that would preclude
its having existed., Whatever in the nature of a
chalcocite zone that did exist has been almost
entirely wasted away by the post-Tertiary erosion,
The chalcocite zone of the Extension has been
protected by its ocovering of Palaeoczoic sediments
at least since Pevonian time, and the importance
of this protsotion is the better appreciated when
we resort to a post-mortem of what would have heen
without it. Assuming that the orebodies of the
two mines were similar in their mkoup; which is
roasonablo, and that there were no ssecondsry
enrichment, the Bxtension would have produced only
one~-fifteenth as much copper as it will produce -
20,000 tons against 300,000,

Resommendations, Looking ahead to
the future, it is

apparent that there is considerable geological
work yet to be dons in connection with the many
holdings of the United Verde Extension Mining
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Company. I feel that a resident geologist should
be kept by the company for at least two years to
see that the work is completed, now that a good
start has been msde. The work that should be
done is as follows:

1, Uapping the surface particularly on
those holdings which have the pre-Cambrisn rocks
exposed,

2, Msking of sections through the ore
gones and favorable aress.

3. Keeping the present geological maps
up t date.

4. Heking 40-8cale geological level maps

showing assays,
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PART 11,
BXPLORATIOR

General #ith the geology ac-
curately unraveled,
it is not diffieult to determine the places that
should be prospected and to eliminate thosge that are
without pramise., The geological maps show that the
only place that fulfills the conditions I have out-
lined above as essential for ore deposition is at
the 8ite of the present known orebodies., Thie does
not mean that there is not a good chance of finding
more ore. Numbroue places in the ore zone have not
been prospected, while the complications resulting
both from the post-Tertiary faulting and erosion
afford adiitional areas worth testing,

For convenience and clearness, I
have divided the following discussion of future
exploration work into three groups, depending on
its looation with respect toc the Verde, or ¥ein,
fault, as follows:

1. The hanging wall country
2, The fault zone.
3. The foot wall country,
Hanging wall country. l. The mst favor-

able place to prospect

in the hanging wall country is in gossan aress,




In the past few yearas, these areas have added consider-
able tonnage %0 the ofe reserves and undoubtedly they
will add more as prospecting continues,

2, The quartz porpkyry and greenstone
schiasts south of the Main orebody, both inside and
outside ths Verde fault szone, deserve to be pros-
pected thbroughly. It is likely that enough tonnage
of lower grade ocarbonate ores will be found to war-
rant the installation of a leaching mill,

3. It 18 a faot that the Florencia j
fault cuts off the eastern tip of the Main orebody. |
This fasulted-off tip probably is not large though
it might prove to be large enough to mine at a good
profit, The only drawback against blooking out

this ore is that it lies in the Florencia claim, J

4, Some prbspeoting is warrante&w
near the surface in limestone areas, The 502-Stope
orebody occurs in brecciated limestone on top of =
small s8lip which aoted a® a guide for the copper-
bearing solutions. OConsidering the small size end
apparent unimportamnse of the shear zone that was
responsidle for the 502 orebody, it is not imposs-
idle that the Plorencia fault, with its larger shear
gone, should be the locus Hr a similar carbonate
orebody. The distance from the stope to the Flor-
encia fault is about 50 feet,



Summary of

Hecommendations.

With reference to the

hanging wall region,

the following recomrzendations are offered:

1.

3.

4,

Gossan aress ' : :

a, Continuse 821, 824, 902-%, 903-Int.,
and 911,

b. Go Horth und South on the vein
goesan from 8C6 drift.

¢. Go North along vein from 1340,

Region South of Main orebody
a. Continue 1119-B and 9C3=Int,
b. Go east from 822 face.

Florencia fault

a. Go Northeast slong Florencia fsault
gstarting at intersection of
fault with 1520-3 drift,

Favorable limestone areas
a, Crosscut North from 5C2-Stope to
the Florencis fault.

The following headings ure outside of

favorable areas and should be discontinued perman-

ently:
1.
2,
3.
4,
b.

Fault zone country.

809-N, 909-E, 909-W, and 909-Crosscut.
1413 and 1415,

1620-8,

1713 and 1713-W,

1716.

In view of the inform-

ation which we now

have concerning the movement along the Vefde fault,

prospecting in the fault zone should be limited to

the region between the Florencia claim and the North
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corner of the Little Daley fraction. A lsrge part
of this country has been well prospscted, but there
remain a few plac8s which justify additional work,
It i8 certain that we have never looked in the right
Place for the downward extension of the United Verds
Bermit orebody or for the faulted-off portion of

our vein orebody.

1. The United Verde Hermit orebody
is believed to be a faulted-off sliver from the United
Verde Extension Main orebody. It is possidle that
this valusble oro-nhoot; which is developed on the
6C0 level of the United Verdse mine, may continue
dowvnward far enough on ite dip to get into Extension
ground; and this possibility is worth testing, But
it is probable that it may never have been big
enough to have extended to such depth, The gamble
is worth while regardless of theory because one guess
is as good a8 armother, and if the ore should be
found, the reward would be large.

2, In 1425- Crossout, which extended
part way through the fault gone, a ten foot width
of low grade massive pyrite was found lieing just
weet of the hanging wall gouge of the Main fallt.
There is a good chance that this represented the
southern tip of the faulted-off part of the Vein




orebody. Whether this proves out to be correct or
not, 1t is certain that the proper place to look is
the fault zone Northwest of the place at which it
liwe along the hanging wall gouge, More prospecting
shouid be done North of 1425 erosscut.

8. Other favorable areas in the fawlt
zone are to be found in the sheared rocks more or
less near the Main orebody or gossans, such as the
1119-B odu.ntry. In these plases secondary copper
minerals have been deposited by solutions which
came from above and found the fault zone a@ good

channel in which to e¢irculate.

Recommendations, With respect to work

in the fault 2 one,
the following recommendations are offered:

l. Hermit oreboly
a, Continue 824-Crossocut to the fault,

E., Vein orebody
8. Go Northwest from 1425-Crosscut,
along the hanging wall
gouge of the ¥ain fault.

3. Other areas

a., Go 3outh from 822 and 906-S faces.

b. Go Southwest to the tault from
1208.

6, Prospect fault gone between 1246~
Stope and 1221 orosscut.
Also Southeast of 1246-
Stope.

Footwall eountry. The country West of

the ¥uin fault is not
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at all promising as far as United Verde Extension
ground is concerned, but there are three pieces of
work that are certainly justifiadle.

1. The root of the Main orebody
probably lies on the Daisy claim of the United
Verde Copper Company. However, 80 little is known
about the various rock contacts in that vieinity
that we are justified in doing Bome work on the
Windlass e¢laim on the 1700 level. If the diorite
here has a big embayment in it; as i8 possible,
there is a likelihood that this root may at some
plao§ pitch through United Verde Extencion ground.

2, The tonpue of black schist on
the Copper Chief elaim should be prospected in
depth in spite of the fact that it shows no min-
eralization at the surface, because black schist
occurrences are 80 often related to orebodies that
the same solutions which furthered their formation
were responsible for the orebodies of the distrioct.

3. The work which aims to find the
intersection of the Hull fault with the Main fault
will definitely settle whether or not the Hull and
Florencia faults were once the same, If they wers

the same, there is a chance of finding ore.

Recormendstions, The following recom-

mendations dealing




)
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with work in the fortwall of the main fault, are
offered:

l. Root of the mmin orebody
a8, Continue 1716 work,
b, Continue 1210-F work,

2, GCopper Chief black schist area
a. Continue 1221-A but turn 1t to go
Southwest, or else diamond
drill the favorable ground,

3, Hull fault
8. Continue the Fo. 7 Tunnel drift
along the Verde fault.

The following headinge are thought
to be in unfavo:ablo ground or dyuplicating other
headings and should be Adiscontinuead:

1, All1 819 work,

2, 1221-0

8, 909-South and 908-North,
4. 1210-South.

5., No. 7 Tunnel orosscut,
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REPORT ON THE UNITED VERDE EXTENSION MINE

\

By F. L. Ransome

PURPOSE AND SCOPE OF THE EXAMINATION
At the request of lMr. J. S. Douglas, President of the
United Verde Extension Mining Company, I arrived in Jerome early
in July, 1927 and, with the exception of about 28 days occupied
by two trips to Oregon, was contihuously at work, until the mid-
dle of December, engaged in a study of the United Verde Extension
Mine and the immediately surrounding district. The particular
purposes of the examination were: (1) to ascertain whether there
18 any probability of a downward continuation of the main ore
body within the boundaries of the Company's property; (2) to ap-
praise the possibility or probabllity of the existence of other
ore bodies of comparable size within the Company's ground; and,
finally, (3) to suggest directions for future major development.
No detailed instructions were drawn up for this work and no time
1imit was placed upon it.
It appeared to be the opinion of Mr. Douglas, with which
I concurred, that the members of the resident mine staff were
fully capable of finding all of the ore within the known ore-bear-
ing territory of the mine, their intimate knowledge of the work-
ings and of the behavior of the known ore-bodies being such as
no new-comer, occupied for only a few months with the bréader

geological features, could hope to attain. Nevertheless, it was

.lreasonable to expect that there would result fron my work at least

some suggestions concerning what may be termed minor or secondary
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exploration and these I shall make in the appropriate place. In=-
asmuch as I hope later to publish a paper on the geo@ﬁgﬁcal fea-
tures of the Jerome district, I shall confine myself in the present
report to a brief outline of those conditions that have a direct
bearing upon the practical questions with which the report is
primarily concerned.

In the present study of the mine, none of the previous
geological work was accepted without verification. I examined
all accessible parts of the underground working, in the hope that
in the generally more or less schistose rocks, some structure
might be recognized, which would prove to have a significant re-
lation to ore deposition. This hope was only partly fulfilled.

I found that, in general, the earlier mapping has been falthfully
and accurately carried out. Where there is disagreement with it,
this 1s usually a question of interpretation rather than of re=-
cord. In my opinion, however, the 100-foot-scale geologic level
maps, in general use in the Company's office, embody far too
extensive imaginative pro jection into areas where there are no
underground workings. Such maps, displaying much that is con-
jectural without distinction from what is fairly well established,
may be useful for special purposes but are likely to be mislead-
ing as general working guides. '

In the course of the mine examination a collection was
made of over 400 specimens, chiefly rocks. The speclmens have
been labelled, cataloged and indexed and should be useful in
future geological and developmental work, especlally as some of
them come from places that will soon be no longer accessible.

No geological level-maps have been prepared to accompany




Tthis report as such work would require considerable time and can,

in the light of my report and collection, be done by members of
the regular staff, if desired. If the Company wishes, however,
I will willingly undertake to prepare revised geologic maps or
to render such aid as may be necessary for their preparation.

Throughout my stay at Jerome I enjoyed the most cordial
cooperation on the part of all connected with the United Verde
Extension mine and acknowledge with particular appreciation the}
helpfulness of Mr. Olaf Hondrum, chief engineer, and the members
of his staff. |

GENERAL GEOLOGY OF THE DISTRICT

The most comprehensive and detalled account of the geol- 3
ogy of the Jerome district 1is that by Reber 1, which has been |
supplemented by later papers by Fearing 2, and Lindgrens.

It suffices here to state that the fundamental rocks of

the district constitute a complex of schists and intrusive rocks
of pre-Cambrian age which had their present characteristics im-
posed upon them by the folding and metamorphism of that early ‘
era., They constitute the roots of pre-Cambrian mountains, which, i
however, had been worn down by erosion to a nearly level surface |
at the beginning of the Cambrian. The principal ore deposits

were formed before the completion of this period of erosion.

1Re'ber, L. E., Geology and ore deposits of Jerome district: American

Inst. of Min. and Met. Engineers, Trans. vol. 66, pp. 3-26, 1922,

2Fearing, J. L. Jr., Geology of the Jerome district, Arizdna; Econ-
omic Geology, vol. 21, pp. 757-773, 1926.

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

i
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In Cambrian time, the region sank below the sea and was

covered successively by the dark red basal sandstone of the re-

gion, which is here supposed to be the equlvalent of the Cambrian

Tapeats sandstone of the Grand Canyon, altho some geologlsts con-

sider that it may be of Devonian age.1 The basal sandstone, of

variable thickness but attaining a maximum of about 100 feet, is

overlain successively by from 600 to 1000 feet of Devonian and
lower Carboniferous limestone and by red sandstones and shales;
up to 500 feet thick, of Perﬂkian age - the Supail formation.

| After a long period of erosion, the region was covered
in late Tertiary time by basaltic flows, which accumulated to a
thickness of over 700 feet. The eruption of the basalt was
followed by normal faulting and by the erosion that has shaped
the topography of todaye.

The primary or hypogene mineralization, which produced
the ore bodies of the United Verde and United Verde Extension |
mines in thelr original form, and practically all of the down~-
ward or supergene enrichment, which resulted in the remarkable
main ore body of the United Verde Extension mine, took place
before the deposition of the basal sandstone. The ores of these
mines are consequently pre-Cambrian or pre-Devonian, according
to the opinion held as to thevage of the sandstone.

Inasmuch as the stratigraphy of the Paleozoic formations
has 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 diatrict Arizona,

Ee. Geol., vol. 21, pp. 758-759, 1926,



()

5.

The general surface distribution of the more important
rock units or groups in the part of the Jerome district adjacent
to the principal mines, 1s shown in Plate I,

PRE=-CAMBRIAN FORMATIONS

With few exceptions the pre-Cambrian rocks are more or
less schistose and have been considerably metamorphosed by the
close folding and compression and by the igneous intrusions of
pre-Cambrian time. Some of them are completely recrystallized into
fine-grained schists that contain no vestige of their original
texture or mineral composition. Consequently it 1is not surpris-
ing that various geologists, attempting to subdivide them, have
differed in opinion as to thelr original character and appropriate
nomenclature. As a whole they belong to the group of rather |
diverse metamorphic rocks that on general maps of the region

have been designated Yavapal schist. They are so represehted,

for example, on the geological maps of the Jerome and Bradshaw
Mountain quadrengles, which accompany Lindgren'sl recent report
on those areas.,

Locally, 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-Cambrlan rocks as follows, the younger rocks being
at the top:

(4) United Verde diorite. (Intrusive)

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

(2) Bedded sediments,

1Lindgren, W., Ore deposits of the Jerome and Rradshaw Mountain
quadrengles, Ariz., U.S. Geol, Survey, Bull. 782, 1926,
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(1) Greenstone complex. (Includes what was later
called "Deception porphyry" by Finlay.)

Reber considered the "greenstone complex" as consisting
chiefly of metamorphosed volcanic flows and pyroclastic rocks
with minor bodies of intrusive rock. His "bedded sediments" are
described as consisting of a great variety of materials, among
which he mentions quartzites, slates, conglomerates and one bed
of "limestone or marble" up to 20 feet thick. The "quartz por-
phyry" he regarded as intrusive and probably an offshoot from
the Bradshaw granite, which is extensively exposed south of the
Jerome district. The "United Verde diorite" is characterized
as an "auglte diorite with diabasic phases."

Fearing, in the paper previously cited, maintains that
the "Deception quartz porphyry" should not be included in the
"greenstone complex" but, like the "Cleopatra quartz porphyry"
is an intrusive sheet or sill, the "Deception quartz porphyry"
being the older of the two. He divides the remainder of the
"greenstone complex" as follows:

Baslc tuff = = = = = = =« =« = =« « « =« Not fully exposed.
Diabase flow or sill, often

of dioritic texture = = = = = « = « = 1200 feet..
Andesitic or dlacitic tuff = = = = = = 0 = 200 feet.
Rhyolite tuff = = = = = =« = « @ o -« - 600 feeﬁ;
Bedded shale or ash = = = = = = = = = 0 = 70 feet.
Basic tuff = = = = = === = = « =~ « = Not fully exposed.

I regret to state that, in my opinion, this section 1is

wholly unreliable. It appears to have been based on measurements

across the prevalling schistosity in a ¢ ross-cut in the United

¥erde mine, but this cross-cut affords no satisfactory basis for
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the nomenclature or thicknesses given by Mr. Fearing. His state-

ment that these divisions have been mapped in the workings of

the United Verde Extension mine is not supported by any maps

known to me, They certainly do not all appear in the figure to

which he refers on page 763 of his paper, which is a map of the

1400 level of that mine, altho in that 1llustration he represents

as "rhyolitic tuff" rock which on the maps prepared by him for

the company he shows as "acid volcanics",

Enough has been presented to indicate that there is con-

siderable diversity, if not confusion, in the nomenclature ap-

plied to the pre-Cambrian rocks (See figure 1,)

My own observations lead to the conclusion that there are

five, possibly 8ix, major groups of rocks involved in the pre-

Cambrian complex as éxposed in the central part of the Jerome

district, These, beginning with what is probably the oldest

are as follows:

(1) WALNUT SPRINGS GREENSTONE. The rocks of what 1t

is here proposed to name the Walnut Spring Greenstone are typic-

ally exposed at and near the swimming pool near Walnut Spring.,

They comprise two principal varieties, both greenish gray on

fresh exposures, One variety is fine-grained, more or leas 

schistose rock, which 1is characterized by wavy, discontinuous

banding. The other variety is coarser=-grained, less noticeably

banded and shows grains or phenocrysts of quartz, The two var-
leties are intimately associated, and the coarser variety near
the contact with the finer-grained variety,
of the latter.

contains fragments
Other varieties of the Walnut Spring-greenstone,
especlally when weathered, have some resemblance to altered tuffs,

Under the microscope, the fine-grained variety is recry-
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stallized to a finely orystalline aggregate of quartz, sericite
and some epidote and chlorite. It 1s more siliceous than might

be supposed from the general appearance of the rock and contains
(Spec. U. V. X. 8) 72.4 per cent of Si O, and 1.8 per cent of

Ca 0.l The coarser variety (Spec. U. V. X. 143) contains quartz
phenocrysts as large as those commonly present in the Cleopatra
rhyolite. The texture of the rock, as seen under the microscope,
suggests the possibility that it may be a tuff but field relations
indicate that it probably is a devitrified glassy rhyolite with
abundant included fragments - a flow breccla.

This rock contains 73.2 per cent of Si O0p and 2.6 per
cent of Ca O.

On the supposition that the banding of these rocks is
indicative of sedimentary bedding, they were termed "bedded
ﬁediments“ by Reber and are so mapped in the Unlted Verde mine.
In the United Verde Extension mine, the finer-grained variety
has generally been mapped as "greenstone" and the coarser-grained
variety, at least in part, has been mapped as "quartz porphyry".
I regard them as metamorphosed rhyolite flows, the banding being
interpreted as flow-lines in an originally glassy lava. The in-
clusions of the finer grained variety in the coarser variety are
not readily explainable if these rocks are sedimentary but'can
be accounted for, if the rocks are rhyolite, as fragments of
previously solidified lava caught up in parts of the flow that

congealed later or in a subsequent flow,

4 These and other chemical determinations cited in this report
were made by Mr. S. H. English, chemist at the United Verde
Extension smelter, at Clemenceau.
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The name greenstone is commonly applied to altered vol-

canic rocks of more basic composition than the rocks here
described but the name is appropriaste so far as color is doncern-
ed and has become a familiar term in the district. These con-
siderations appear to justify its retention.

(2) GOLD HILL RHYOLITE. The formation termed in this

report the Gold Hill rhyolite is exposed in Deception Gulch from
near the Gold Hill tunnel, whence it derives its name, for a
distance of about 1000 feet eastward. The rock of this area
generally weathers brown and is brownish gray on fresh fracture.
As a rule, it is not noticeably schistose, but locally some
schistosity 1s developed and in such places the rock may be
greenish gray. Contorted flow lamination is conspicuous in some
exposures 1n Deception Gulch, Quartz phenocrysts are rare or
absent but the microscope shows abundant quartz in the groundmass .
of the rock. Small phenocrysts of orthoclase or sanidine are
fairly abundant, usually associated with phenocrysts of a sodic
plaglooclase. The rock is a more or less altered glassy rhyolite,‘
probably erupted as a flow of flows. In places it shows distinct
flow brecciation, |

The Gold Hill rhyolite does not appeer to have been dis-
tinguished previously as a separate formation and is known at
the surface only at the type locality in Deception Gulch. It 1is
in every respect, however, identical with the rock that, in the
United Verde Extension mine has usually been mapped as "acid
volcanics", when any separation of the "greenstones" has been
attempted. Chemical daterminations on a specimen (U. V. X. 168)
from the United Verde Extension mine gave 71.4 per cent of Si 0q
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and 0.9 per cent of Ca 0,
(3) DECEPTION RHYOLITE. The rock described in this

report as Deception rhyolite 1is typically exposed in the rugged

gorge through which Deception or Walnut Creek flows east of the
Verde Central mine. It is separated from the Gold Hill rhyolite‘
by a belt of Cleopatra rhyolite (next to be described) which in
Deception Gulch is about 2500 feet wide from east to west,

The Deception rhyolite is generally a rather roughly
schistose rock which is greenish gray on fresh fracture and
woathers btrown. As a rule it contalns small, rather sparsely
distributed and somewhat angular phenocrysts of quartz., Near
the contact with the Cleopatra rhyolite, as may be seen on the
pipe~line on Cleopatra Hill, it has a distinctly brecciated
character which is strongly suggestive of flow brecclation.

There is no evidence that the Deception rhyolite is intrusive

but much to suggest that it is an originally glassy rhyolite

flow which has been rendered schistose and has undergone conside-
erable metamorphism. 1In microscopic character and in many ex-
posures underground it closely resembles the Gold Hill rhyolite

and may be a more metamorphosed variety of that rock. Cheniéal
determinations made on a specimen of Deception rhydlite (%.V.X. 72)
gave 75.6 per cent of Si Oy and 0.3 per cent of Ca 0. On anothep
specimen (U.V.X. 49) the results were Si 02 74.0 per cent, Ca 0
0.3 per ccent,

The Deception rhyolite was included in the "greenstones"
by Reber, altho he remarks that its character is open to question.
Finlay named it "Deception porphyry" and Fearing, in the paper
previously referred to, designates it as "Deception porphyry"




and "Deception quartz porphyry". He regards it as an intrusive
sill. Mr. Hansen, chlef geologist of the United Verde mine,
maps 1t as "fragmental greenstone", his view apparently being
that the small quartz phenocrysts are fragmental grains and not
true phenocrysts.

(4) CLEOPATRA RHYOLITE. The Cleopatra rhyolite is typ-

Rically exposed on Cleopatra Hill and in Deception Gulch, in
the general vicinity of the Verde Central mine. It is the "quartz
mRgphyry", "Cleopatra quartz porphyry", or "Cleopatra porphyry"

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

maps of the mining companies.

This rock shows considerable variation from place to
place but its distingulshing characteristic is its abundance of
easlly visible quartz phenocrysts. In places, as on the east
slope of Cleopatra Hill, the rock is schistose. 'In other places
it is massive, the conspicuous quartz phenocrysts lying in a
very fine-grained brown matrix that has every appearance of hav=-
ine once been largely volcanic glass altho this glass has dev-
itrified or become a very fine-grained aggregate of quartz and
feldspar. In a number of places, particularly in Deception
Gulch, along the western margin of the mass, between the Verde
Central Mine and Walnut Spring, the rock is unquestionably a
flow=-breccia, in which fragments of previously solidified por-
phyritic rhyélite have caught up and carried along in still=-
liquid portions of the mass., Even where Cleopatra rhyolite shows
no distinct brecciation, it exhibits streaky variations in texture
that are strongly suggestive of movement in a viscous lava flow.

In short, the Cleopatra rhyolite, as exposed on the surface, has
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the characteristics of a thick wviscous flow certainly not those
of a deep-seated intrusive mass.

In the mines, the apparent occurrence of some of the
Cleopatra as lenses or isolated masses in the other pre-Cambrian
rocks suggests that the rhyolite 1s intrusive. No convincing
evidence of intrusion was found, however, and it 1s certain that
some of the isolated bodles shown on some mine maps as "quartz

porphyry" are not the Cleopatra rhyolite. It is entirely possible,

{ moreover, that the main body of Cleopatra rhyolite may have been

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

olitic magma may have been intruded into the older rocks as
dikes.

The eruption of the Cleopatra rhyolite probably occured

| long before the deposition of the ore bodies and consequently is

not responsible for the copper mineralization in the Jerome
district.
(5) VERDE DIORITE. It is generally accepted in the

district that the Verde diorite is an intrusive mass altho this
conclusion rests chiefly upon the character of the rock and its
general relations to the other rocks rather than upon direct
evidence of ihtrusion. The rock is a massive medium-grained
anglte ﬁiorite, which as a rule is considerably altered. Gener-
ally, as the rock is found in the mines, the aﬁgite has been
altered to amphibole or to epidote, chlorite and carbonates, the
feldspars are decomposed and considerable secondary quartz is
present. As a rule the diorite is not schistose altho schistosity
may be locally developed at its margins. Chemical determinations
made on a specimen of falrly fresh diorite from the United Verde
open p1$ (specimen U, V. X. 1) gave 49,8 per cent of Si 05 and
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8.6 per cent of Ca 0,

(6) DIABASE. The rock here designated diabase has not
been recognized at the surface and in the United Verde Extension
mine 1s not present in the vicinity of any known ore body. Large
masses of it have been penetrated, 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
has generally been shown as "greenstone" altho on his published
map of the 1400 level (Economic Geology, vol. 21, P, 763, 1926)
Fearing terms it "diabasic greenstone flow." The dlabase is a
generally massive rock of rather fine texture and greenish
color. In thin section, under the microscope, it shows the
characteristic ophitic texture of diabase with abundant afigite.
The plagioclase feldspars are decomposed and the rock contains
much secondary epidote and chlorite. Chemical tests (U.V.X. 233)
showed 46.2 per cent of Si 0o and 5.6 per cent of Ca 0. Without
ins#?ence upon any high accuracy for these determinations, it is
clear that the rock is much more basic than the rhyolitic
"greenstones" of the mine and is fairly close to the Verde dior-
ite in composition. I could find no evidence for regarding it
as a flow and‘am inclined to believe that it is intrusive and
rather closely related to the Verde diorite.

It appears from the foregoing that the principal pre-
Cambrian rocks of the central part of the Jerome district comprise
4 rhyolitic formations, namely, the Walmut Spring greenstonse, the
Gold Hill rhyolite, the Deception rhyolite, and the Cleopatra
rhyolite,?%f which are believed to have been erupted at the
surface as flows, and two basic igneous rocks, nameiy the Verde

diorite and the diabase, of which the diorite is intrusive and




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

there are no sedlmentary rocks in the pre-Cambrian of the central
part of the Jerome district. Certalnly conglomerates, sandstones,
shales and limestones are absent and it is at least doubtful
whether any bedded tuffs are present.

Occasionally, in the following pages it will be conven-
ient to refer collectively to the Walnut Spring greenstone, the
Gold Hill rhyolite and the Deception rhyolite. Generally when
the terms "greenstone" and“rhyolitic *greenstone" are used they
are to be understood as referring to any or all of the three
rocks mentioned, without any attempt to distinguish between them.

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

time the Jerome area was covered by a series of rhyolitic lava

flows, erupted over a surface of older rocks which are not any-"
where exposed in the district. Possibly some of the earlier
flows were intruded by dikes, or even by larger bodies, of the
magme that solidified as the Cleopatra rhyolite but that rhyolite *
as a whole is believed to have congealed on or very close to the

surface as it existed at that time.

PRE~-CAMBRIAN STRUCTURE

All of the pre-Cambrian rocks, except the Verde diorite
and some of the diabase appear to have been ®losely folded in
pre-Cambrian time. This folding was accompanied or followed by
intense compression along nearly east-west lines so that the
rocks were rendered schistose. It is, in general, thisschistose
structure, striking nearly north and standing nearly vertical,
that is the most conspicuous structural feature of the rocks.

Whatever original layering may have been present in the succession
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of rhyolitic flows has been obliterated or greatly obscured.

It 1s possible on the various levels of the United Verds
Extension mine to map separately the Walnut Spring greenstone, the
Gold Hill rhyolite, the Deception rhyolite, and the Cleopatra
porphyry. When, however, an attempt is made to utilize these
level-maps for the construction of geological cross-sections
thru the mine, the distribution of these rocks is so different
on successive levels as to exclude any simple structural explana-
tion. The observed relations suggest that the rocks were intri-
cately folded and perhaps faulted before they became schistose
but it is very doubtful whether it would be practicable to éhow
this structure in sections other than in a much generalized and
largely imaginary fashion. It is to be remembered that all of
these rocks are rhyolite, that they never had the regular
stratification of sedimentary beds, that there are no persistent,
readily recognizable "key" layers that would give a clue to the
structure, and finally that the differences in character brought
about in any one rock by the imposed schistosity‘are, as a rule,

far more conspicuous than the original differences between the

|individual members of the rhyolitic series. Prolonged study

might overcoﬁe the difficulties referred to, but it does not ap-
pear that the occurrence of ore is dependent upon these earlier
and obscure structures in the "greenstones" and consequently there
is no economic justification for persistency in an attempt to
decipher them. |
From the economic point of view the significant litholg“
glc units are: (1) the rhyolitic "greenstones" as a whole
cluding the Walnut Spring greenstone, Gold Hill rhyolite
Deception rhyolite), (2) the Cleopatra rhyolite, a




Verde diorite. It is the relative distribution of these three
units, in conjunction with certain zones of shearing, that has

determined the place of ore deposition.

LOCAL MODIFICATIONS OF THE PRE-CAMBRIAN ROCKS

Black schist = A large part of the ore of the United

Verde mine occurs in a dark, schistose rock commonly referred to
as "black schist", It 1s very fine-grained and much of it res-
embles a slate rather than an ordinary orystalline schist,

Reber described this rock, in his paper previously re-
ferred to, and apparently regarded it as a member of his "bedded
sediments", altho he also states that it is probably a product
of alteratlion by magmatic solutions that may have been closely
related to ore deposition. Fearingl refers to the black schist
as being almost entirely composed of ferruginous chlorite and
states that the "Cleopatra porphyry", the "Deception porphyry",
the "rhyolite tuff" and the "bedded sedimentaries" have all been
"observed grading into black schist". Lindgren2 ascribes the

ferriferous chlorite of the black schist to the action of ascend-

ing solutions connected with ore deposition but suggests that the
black schist hay have been originally a slate of sedimentary
derivation.

My own observations have convinced me that most of the
black schist 1s intensely sheared and metamorphosed Cleopatra
rhyolite. Some of it still retains residual phenocrysts of

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

Loc. cit., p. 762

* Loc. Cit., pp. 72 and 74
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between Cleopatra rhyolite and black schist. The dark color is
due to the deveiopment of the ferruginous chlorite referred to
by the writers mentioned, this development being a pﬁase of the
same proocess of mineralization to which the formation of the
hypogene ore was due. Possibly the other rhyolitic formationsA
may, in places, have been altered to black schist. Such change
would not be improbably, altho I have not seen any evidence of 1t;
Contact schist =~ In the United Verde Extension mine there

is exposed on all of the main levels a belt of very fissile
schistose rock which extends generally in a north-northwest dir-
ection from the main ore body and intervenes between the Verde
diorite on the west and the Gold Hill rhyolite ("acid volcanic
greenstone") on the east. This 1s the "bedded sediments" of the
company's geological maps and the "schist related to ore deposi-
tion" of Mr. Lindgren's map.

This rock has generally been regarded as a distinct mem=-
ber of the pre-Cambrian grdup but, in my opinion is a local mod-
ification of the Gold Hill rhyolite and possibly, to a minor
extent, of other members of the rhyolitic "greenstones"., As a
rule, it grades into the Gold Hill rhyolite with no definite
contact, the fissile, crumpled "bedded sediments" gradually’being
succeeded by the more moderately schistose "greenstone". 1In a
few places in the mine the Gold Hill rhyolite shows local schis-
tose portions that undoubtedly would have been mapped as "bedded
sediments" did they occur in the position where the main belt of
this fissile is normally found. It is fairly certain thatvthe
"bedded sediments" of the United Verde Extension mine is merely
a very strongly sheared portion of the Gold Hill rhyolite and,
because of that shearing, the rock has been a path for ore-
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depositing solutions. The rock has not only been squeezed to

a finely laminated schist, in which all original texture has

been obliterated, but on account of its thinly laminated chap-
acter has been a zone of weakness along which later movement.

has taken place, as shown by the prevalent crumpling and distor- |
tion of the laminations,

As previoualy mentioned, the contact schist ("bedded
sediments") generally follows the contact with the relatively
massive diorite. It is believed to owe its structure to that
fact, the Gold Hill rhyolite having yielded most readily to
pressure where it was squeezed against the resistant diorite
mass. Whether the Verde diorite exerted this pressure at the
time of intrusion or was merely a passive mass aninst which the
older rhjolitic rock was molded by regional pressure, I am unabie
to say. The fact that, at a few pPlaces, the contact schist does
not appear to occur exactly at the contact with the diorite |
does not, I believe, invalidate this general explanation of
its origin. It records zones of maximum yielding to stress with
the dccompaniment of rock flowage thru the development of an

exceptional degree of schistosity. e

GENERAL CONDITIONS THAT DETERMINED HYPOGENE
("PRIMARY") ORE DEPOSITION.”

Examination of the general geologic map of the central
part of the Jerome district shows that the ore body of the
United Verde mine occurs where Verde diorite, Cleopatra rhyo-

lite, and one or more of the rhyolitic greenstones come together{%f

&

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

!

northwest and west by the Verde diorite, on the south by the |
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Cleapatra rhyolite, and on the northeast by "greenstone", Exam= |
ination of the map further shows that there is only one place in
the district where the three rocks mentioned have this relative
position. It is a highly suggestive fact that the only other
large ore body found in the district, that of the United Verdq
Extension mine, has roughly the same general relation to the
Verde diorite, the Cleopatra rhyolite and the "greenstone". As
is well known, the two ore bodies lie on opposite sides of the‘
great Verde fault, the United Verde ore-body in the footwall,
to the west and the United Verde Extension ore body in the
hanging wall, to the east,

Both ore bodies occur chiefly in Cleopatra rhyolite or
in black schist, which is for the most part a local modification
of the Cleopatra rhyolite. Of all the rocks in the district,
the Cleopatra rhyolite appears to have been most susceptible to |
extensive replacement by ore, particularly where it has been |
sheared or fractured and where it is ad jacent to the Verde diorite.
That the diorite was an essential factor in the mineralization
is certain.“DTo the presence of the diorite mass were probably
due the shearing and fissuring which gave passage to the ore-
bearing solutions; the body of diorite, as a whole 1mper§ious
and massive, forced the solutions to travel along its margin;
finally, it is probable, altho not demonstrable, that the deeper
portions of the dioritic magma, before its consolidation, supplied|
the iron, copper and zinec of the present ore bodies., o

In the United Verde Extension ground the zone of contact
schist represents the most important and continuous belt of
shearing along the margin of the Verde diorite. It'furnishéd a

passage for the ore-bearing solutions and itself contains
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important ore bodies. The main ore body, however, was formed
where this zone of shearing entered the Cleopatra rhyolite,

It happens, as is plainly shown on the mine maps, that
this ore body lies, in a general way, at the intersection, and
mainly within the angle, of the Verde and Florencia faults,

L
These faults, however, appear to bse wholly later than the orig-Lv

. A
to some extent the supergene enrichment that transformed the 1

{ ‘
inal or hypogene mineralization altho they may have controlled

United Verde Extension ore body from what was probably a low- ﬁ

grade pyritic mass into the present large, compact and high-grade {
deposit of chalcocite,

RELATIONS OF THE UNITED VERDE AND UNITED VERDE

EXTENSION ORE BODIES TO THE VERDE FAULT.

The course of the Verde fault (or, as it is sometimes ' |

called, the Jerome fault) is generally nearly northwest and
southeast, The United Verde and United Verde Extension ore-
bodies lie approximately on an east-west line, on opposite
sldes of the fault., The United Verde ore body, exposed at the
surface, lies about 2000 feet west of the fault, in the footwall,
the fault dipping to the northeast at about 57 degrees. The
United Verde Extension ore body, as projected vertically to the
surface, lies about 1500 feet east of the fault. (See figure 2)
The original exploration of the United Verde Extension
ground appears to have been suggested by the conjecture that
there might be, in the hanging wall of the fault, a segment i
sliced off from what was originally the upper part of the United :;,;l»,f'Z
Verde ore body. Later, however, geologists found that if tha ,;;
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down-thrown block, containing the United Verde Extension ore-
body, were slipped back until the base of the Paleozoic beds
in the down-thrown block was restored to the same level as the
base of the same beds in the footwall block, this movement, equiv-
alent to a dip-slip of about 1900 feet or a throw of 1560 feet,>
was not sufficlient to place the United Verde Extension ore~body
above the United Verde ore-body. Inasmuch as the faulting has
been supposed to have occurred wholly in late Tertiary or
@ueternary time, obviously the throw could have been no greater
than the 1560 feet required to restore the base of the Paleozoiec
sedimentary beds to their original continuity of level. There=
fore, it was argued, the two ore-bodies can never have been
continuous and it followed that, somewhere in the footwall
mist be the downward continuation of the United Verde Extension
ore~body, below the fault. . .
Drill-holes, cross-cuts 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 Verde

fault might have a large horizontal component of movement, Mr,

Searls, for example, thought that the hanging-wall block might

have moved some 1500 feet southeast of its original position.
Work done in accordance with this hypothssis also falled to
find any ore in the footwall country. In this connection it
may be pointed out that attempts to determine the horizontal
component of the fault movement by matching particular rock
masses on opposite sides of the fault can scarcely be success-
ful. 1In the first place, the distribution of the various rocks

in foot and hanging wall is not accurately known and, in thé
4

This is my estimate. Lindgren makes the throw 1620 feet and it
has generally been considered to be about 1600 feet. F.L.R.
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second place, the rock masses are of irregular form and their
outlines, say on the 1500 level in the footwall, are likely to
be considerably different from those 1560 feet'higher, on the
same side of the fault, with which the outlines on the 1500
level, in the hanging wall, must be compared to ascertain hori-
zontal displacement.

Before further consideration of the possible relation
of ore bodies on opposite sides of the fault, two questions
should be answered. The first is - What is the relation of the
main ore body of the United Verde Extension mine to the low-
grade pyritic ore body of the lower levels? The second question
is = Does the Verde fault cut off the United Verde Extension ore
body as a whole?

With respect to the first question, it may be pointed
out that on the 1500 level, the uppermost level on which the |
pgritio ore body has been approximately outlined, it is separated
from the main ore body by about 120 feet. This intervening ground,
however, has not been explored and the two ore bodies may actually
join. This ground, moreover, is greatly disturbed and faulted
and the apparent separation of the two ore bodies may be due to

faulting. In any case, even i1f no considerable body of sulfides

‘connects the main ore body with the pyritic ore body, it 13'

reasonable to regard them as portions of one general zone of
mineralization. I consider it highly probable, moreover, that

the pyritic ore body represents the original character of the ;
main ore body, before enrichment took place. Originally therefore,
the path of the hypogene mineralizing solutions was upward thru .
the ground now occupied by the pyritic mass, into the ground now
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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 projection of the ore bodies on the

With respect to the second question, T believe that the
United Verde ore zone, as a whole, 1s cut off by the Verde fault, -
Parts of the main ore body and of the pyritic ore body rest
directly upon the gouge of the main fault and are obviously cut
off. Other portions appear to die out before reaching the main
fault and there is even a suggestion that the ore on the lower
levels may be dipping to the northeast and contlnuing downward
in approximate parallelism with the fault. This appearance is
probably deceptive. It is evident on all the levels of the
mine that the hanging=-wall country for 100 to 150 feet northeast
of the main gouge of the Verde fault is a zone of intense shear-
ingland faulting, in which the relative displacement has been
generally down, to the northeast. Tt is due to the complicated
movements in this shear zone that portions of the main ore body
disappear before they reach the main Verde gouge. They are cut
off by minor faults within the shear zone. Furthermore, as the
general pitch of the ore bodies as a whole is more northerly
than the strike of the Verde fault, the south end of the ore'
body, which was also the enriched portion, was the first part
tobe cut off by the fault and does not appear on the 1700 level.
The low=-grade pyritic mass is at ieast about 230 feet long and
160 feet wide on the 1700 level and the body is known on the
1800 and 1900 levels but has not been developed fully on the
latter two levels. If the northern limit of the mass, its dip

plane of the fault, which accompanies the report of Mr. Lindgren._

o




24,

and its pitch, were all known, some prediction might be made as
to the probable extent.of the pyritic body below the 1900 level
and as to the position and attitude of the section along which
1t must be finally cut off by the Verde fault. These data,
however, are not available. That the whole of the United Verde
Extension ore zone is cut off by the Verde fault at generally
increasing depths northward appears to bte fairly certain.

If the Unlted Verde Extension ore bodies are parts of
one general zone of mineralization which rests as a whole on the
footwall of the Verde fault, where‘is the continuation of this
zone in the footwall country?

Mr. Lindgren, in his report to the company, expresses the
opinion that the movement on the Verde fault is not far from s
slip stralght down the dup and that consequently the horizontal |
component is small., I fully agree with this. All exposures of
the fault that I have seen show grooves and striations that |
pitch approximately 75 degrees to the south. He also consideres
that the body of crushed, enriched ore mined in the United Verde
mine on the 500 level, under the Hermit claim, is a fragment
from the pyritic ore body of the United Verde Extension mine
that has been left tehind in the fault zone. This is highly
probable. If so, it establishes the general direction of move-
ment on the fault and shows the path that the United Verde Ex-
tension ore bodies must have followed in their descent from
relatively 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 surface. In his published reportl
Lindgren says:

1 u. s. Geolog. Survey, Bull. 782, p. 87.
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The suggestion has often been advanced that the large
ore body may be the downfaulted upper part of the United Verde;
but, as pointed out by Rickard and Finlay, this is improbable,
because 1ts trend and plunge are different and its pro jection
upward, after allowing for the 1700 foot slip along the main
fault, would bring it above the town of Jerome, or a long dis-
tance south or southeast of the United Verde body.

Quite true; but the United Verde ore body 1tself plunges
68 degrees to the north northwest and, if projected upward, to
an intersection with the fault, would also be considerably south
of its position at the present surface. We nmust consider, not
the present top of the United Verde ore body, but the former top,
now eroded away, where it was cut off by the fault,

It is highly significant that the generai geological
environment of the United Verde ore body 1is the same as that of

the United Verde Extension ore body and that this association

is found on opposite sides of a great fault it is difficult to
avold the conclusion that the duplication of conditions is due
to the separation by faulting of what was'once continuous, |
The United Verde Extension ore body was plainly cut off
from 1ts former downward continuation, Extensive exploration of
the footﬁall, extended far northwest and southeast of the region
of its probable occurrence, has failed to discover any other root
than the United Verde ore body. Furthermore, very extensive ex-
ploration in all directions from the United Verde Extension ore
body has not brought to light any down-faulted top of the United
Verde ore body, unless it be the Extension ore body itselr,
The main ore body of the United Verde Extension mine,.

having undergone extensive supergene enrichment to a mass now

25,
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of rocks occurs nowhere else in the district. When this particu~- 7"

lar groupihg of "greenstone", Cleopatra rhyolite and Verde diorite

|
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largely chalcocite, is of course very different from the hypo-
gene, enriched ore of the United Verde; but the low grade pyritic
ore body, with considerable sphalerite, 1s identical in charac-
ter with much low-grade material to be found in the United Verde
mine. It 1is to te remembered that the great sulfide mass of the
United Verde 1s only in relatively small part ore, Moreover, it
is reported that some of the upper levels of the United Verde
mine contained little but such lean sulfides. Consequently, the
faot that the pyritic ore body on the lower levels of the United
Verde Extension mine 1s not as rich in copper as the ore of the
United Verde is no proof that both bodies could not have origin-
ally been parts of the same contlinuous sulfide mass.

In order to test the suggestion that the United Verde
Extension ore body has been faulted off from the top of the
United Verde ore body, and to check rough calculations previously
made, a simple model of paper and cardboard was constructed to
the scale of 500 feet to the inch. The base of the model was
taken as the 1700 level of the United Verde Extension, elevation
3409 feet., It was assumed that the Verde fault is a plane and

that its trace on that level is a straight line coursing north

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

the 1700 level is about one half of the area before faulting
and consequently that a point at coordinates 11400 N. and

7550 E. could be taken as the center point of this particular
horizontal section of the original pyritic ore body. The‘fault
was assumed to have a uniform dip of 57 degrees. The plunge
of the United Verde ore body (the vertical angle between a hor-
izontal plane and the longest axis of the ore body)'was taken

as 68 degrees. The direction of plunge was estimated at north




27.

30 degrees west. Of course these various assumptions are not
strictly accurate and take no account of possible variations in
the dip and strike of the fault or in the angle and direction
~ of plunge of the United Verde ore body. Furthermore, the posi-
tion of the inclined axis of so irregular a body as the United
Verde sulfide mass 1is not a matter susceptible of precise deter-
mination. On the whole, however, the assumptions made appeared
to be as close approximations to fact as could be represented
in a simple model.

It was found, under these conditions, that the Verde
fault cut the inclined axis 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. Projected downward, this point
'*?A would fall about 600 feet southeast of United Verde zero coordin;
| ate point. This would require a throw on the Verde fault of

about 4000 feet. A line drawn from this point of intersection

of the Verde fault with the axis of the United Verde ore body to
g¥?¥ the assumed central point of the pyrtic ore body on the 1700

}é  United Verde Extension level, obviously defines the direction

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

}
|
|
|
I
|
|
‘7:. : to have a pitch between 70 and 75 degrees, to the southeast,
| which accords closely with actual observations on the fault
striations. Furthermore, this line passes directly thru the ‘
plotted position of the Hermit ore body of the United Verde mine, .
| thus not only confirming the suggestion made by Mr. Lindgren, |
that this body is "drag" from the United Verde Extension pyritic

ore body, but also showing that it may be regarded as ore faulted_}?

down from a part of the United Verde ore body that has long since

|  1 been removed by erosion.
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In addition to the direct evidence presented for the
origingl continuity of the United Verde and United Verde Exten- :
slon ore bodies, there ié another consideration that has weight |
as one link in a chain of cumulative evidence. On opposite sides. 
of the strongest fault in the Jerome district occur the only two
large ore bodies known in the district., They were originally of
similar character and have a similar relation to adjacent rocks.
The one in the hanging wall is plainly cut off by the fault and
is in such a position that it may have been faulted off from the
ore body in the footwall. It would certainly be a remarkable
coincidence if the only two great ore bodies in the district
had such a suggestive relationship and were nevertheless entirely
independent of each other.

Up to this point, all of the evidence considered indicates
that the United Verde ore body and the United Verds Extension |
ore body were once continuous. There is one feature, however,
that may, by some, be regarded as antagonistic to this view.

This 1s the necessity of accepting the view that the movement

on the fault took place at two widely separated periods. Tt has
been shown that a reversal of throw on the fault, of about 1600
feet, would restore the base of the Paleozolc sandstone in the
down-dropt block to the position of its original continuity with
the same sandstone, above the United Verde pit. Consequently,
the post-Paleozoic (presumably late Tertiary or?£§aternary)
faulting is limited to a throw of 1600 feet. On the other hand .
the throw necessary to replace the United Verde Extension ore
body on top of the United Verde ore body, is at least 4000 feet.,
The only escape from this dilemma is to concede that the fault

began in pre-Cambrian time, with a total throw of 2400 feet,




It was apparently immobille Fhruout Paleozoic and Mesozoic time
but was revived in Late Tertiary or %:Bternary time, after the
basaltic eruptions, and acquired a further throw of 1600 feet,

That such behavior is possible is shown by the Bright-
Angel fault in the Grand Canyon, which was described by me in
1908.1 This fault, in pre-Cambrian time, had a throw of at
least 300 feet, the block on the west being dropt relatively to
that on the east. After the deposition of the whole Paleozoic
series there was a smaller movement oh the fault, this time in
the reverse direction. Other faults are also known in the Grand
Canyon region which show a similar renewal of movement after
long periods of quiescence.,

The supposition that there were two distinct periods of
movement on the Verde fault, separated by a period of inactivitﬁ
finds some additional support from the occurrence at two plaoes,
one on the 500 level of the United Verde, the other on the 1900
level of the United Verde Extension, of calcitic vein material
that appears to have replaced gzggﬁit diorite. This vein mater-
ial may represent the original pre-Cambrian gouge, of which v
only fragments have survived the ¢ rushing and grinding of the
later period of movement.

On the whole, altho there is admittedly an element 6f
improbability in the explanation of two=-period faulting, this
element is believed to be outweighed by the evidence previously
adduced 1in support of a throw of 4000 feet.

It 1s concluded that the United Verde and United Verde

29,

Extension ore bodies were originally one and that they have been

separated by a throw of about 4000 feet on the Verde fault.

“Soience, vol. 27, pp. 667-669, 1908.
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PRACTICAL CONSEQUENCES OF THE CONCLUSION THAT THE

IWO ORE BODIES WERE ORIGINALLY ONE.

The most direct and obvious conclusion to be derived
from the foregolng discussion is that the United Verde Exten-
slon mine, so far as concerns known ore bodies, has a definite
bottom on the Verde fault, Furthermore, the conclusion that
the district contained originally only one large ore body, which
occurred where the rocks have a certaln unique relative distri-
bution, diminishes the probability that other large bodies will
be found in depth, within the United Verde Extension ground.

The company!'s territory northeast of the Verde fault is covered
by Paleozoic beds, overlain in part by basalt., The character
and distribution of the pre-Cambrian rocks in this area are im- .
perfectly known. Nevertheless it 1is traversed by the Josephine
tunnel and by a number of long drifts and ¢ ross-cuts, none of
which has shown any important mineralization., While no one can
be certain that long=-range underground prospecting from the
United Verde Extension mine may not open up an ore body, I can
88€ no probabllity of such an event. By "long-range prospecting"
1s meant such work as the 1904 and 1320 s, drifts, not to mention
many drifts previously run to the north, east and south, partic-
ularly on the 1200 and 1400 levels, Apparently the best chance
of adding to the known ore reserves lies in continued exploration
of the Cleopatra rhyolite ground south of the Florencia fault
with a view to pleking up offshoot or fringing bodies from'the
main ore body; in searching for residual masses of chalcocite

in the great gossau areas of the upper levels; in more thoro.

exploration of the margin of the main diorite mass; and possibly
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P by following down the pyritic ore body below the 1900 level in
the hope of finding some chalcopyrite ore abdve the Verde fault,
I should expect to find this pyritic plunging steeply to the
north-northeast. Whether it will be advisable to follow it
down to the fault by an inclined winze from the 1900 level or
by sinking the Edith shaft another 100 feet and cross~-cutting,
is a question to be determined by the engineering staff.

MISCELLANEQUS SUGGESTIONS FOR PROSPECTING

The contact schist ("bedded sediments") has been found
to contain important vein-likelore bodies on levels above the
1400 level. The recognition of this schist as a local modifi-
cation of the "greenstones" around the margin of the diorite,
rather than as an original distinct formation, having no genetic
connection with the diorite, leads to the suggestion that the
principal zone of this rock, instead of continuing northwestward
as 1ndidated on the company's geologilcal maps, may curve around
the northern end of the diorite mass (for example, in the re-
glons 11900 N. and 7000 to 7300 E. on the 950 and 1100 levels;
1200 N. and 7100 = 7200, on the 1200 level; 11,900 N, and 7100 E,
on the 1300 level; and 12000N. and 7200 to 7400 E. on the 1400
level,) and contain one or more ore bodies. 1In general it'will
probably be advisable to leave no large portion of the margin of
—%f the principal diorite mass, including,the rock ad jacent to the

contact, unexplored. The greater number of the important ore

bodles found in the United Verde Extension mine, as well as in
the United Verde, have had a marginal position with reference to
e the diorite or have occurred in shear zones within it. There

are certainly very few that are not at some point in qontact with
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or very near that rock.

The ore bodles that occur within the dlorite mass, such
as 1407 and 1307 A. are generally in such crushed and disturbed
ground that it is diffilcult or impossible to determine whether
they are replaced sheared diorite or replacements of masses of
other séhistose rock included in the diorite. These ore bodies
have generally a southwesterly dip and appear to be cut off be-
low by northeasterly-dipping gouges. Thus they wedge out beloﬁ.
How much of their apparent southwesterly dip is due to shearing
along northeasterly-dipping fault planes and how much may be
an original inclination, I was unable to determine. Owing to
the generally crushed and broken character of the ground in
which they lie and the absence of any datum bed or layer by
which displacement might be measured, I was also unable to gain’
any clear idea of the details of the structure in the vicinity
of these ore bodies. Presumably, where ore bodies such as 1307
are cut off below by a northeasterly-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 such a
segment, which was once continuous with 1307 ore body. The 6re
body stopped at 1307-A mey itself be a down-dropped mass, once
part of an ore body of which another segment may be found west
of it, between 1307-A and the main Verde fault. As a general
gulde to prospecting for faulted segments of ore bodies in the
zone of disturbance along the northeast side of the main Verde
fault, I can only offer the suggestion that the direction of
8lip on the subsidiary faults, like that on the main fault,
was probably stéeply down the dip, with a pitch of 65 degrees
or more, to the southeast. I agree with Mr, Lindgren that‘more




A

development might be carried out in the country between the
known ore bodies and the main Verde fault. The extension of
cross~cut 1204, which was in progress when my examination was
concluded ;n Decgmber, 1927, and was showing abundant native
copper, is in line with this suggestion.

On the 1300 level, it would be advisable to explore the
country west of 1307-A stope, to the fault,

On the 1400 level, 1425 ¢ross~-cut, which I was unable to
examine, is reported to have cut some pyritic material west of
the 1407 ore body. This suggests that enrichment, in this par-
ticular part of the mine, did not extend to the 1400 level and
consequently that there 1s not much chance of finding any but
low-grade pyritic material, such as is known to be present on
the 1500 level, in this part of the mine,

Development during recent years has led to the discovery
of a number of bodies of residual chalcocite ore in the extensive
mass of gossan above the 1300 level. This suggests that the
gossan mass should be rather thoroly explored. At present there
appear to be no particular clues to the position of the residual
ore bodies but such clues may become apparent when the ground‘
is better known.

Some specific recommendations for development, level by
level, are submitted for consideration, as follows:

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

a view to exploring the diorite contact in 7100-7300 E. and 11,70Q,
11,800 N.

Drive northeast from 824 N. into 7000-7100 E. and 11,400=/ 4

" ¥ ;
11,500 N.

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




o4,

Explore country southeast of 827, into 10,800~10,900 N.
end 8,100-8,200 E,

950 level. Explore north contact of diorite, hear 11,900 N.
and 7100 E.

Explore south contact of diorite and gossan area between
902 W. and 906.

The possible occurrence of ore in 10,900-11,000 N. and
7,800-8000 E,. is worthy of consideration.

1100 level. It would probably be well to explore the

north contact of the diorite, between the Edith shaft and the
Main Top ore body, altho this might await the result of similar
work on levels above or below.

There is a large block of unexplored ground on this
level south of the long west cross-cut that begins at 7600 E,
11,600 N. There may be ore in this area but, if so, 1t will

probably be indicated by the developments from 1204, on the level
belOWQ

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

7200 E., for example, by a cross-cut north on 7175 E.

There is apparently some chance for ore between 11,200~

11,400 N. and 7,500 - 7,600 E.

1300 level. The ore zone followed in 1354 ¥, appeafé
to swing westward at 1160 - 1200"N. following the north contact
of the diorite, towards the Main Top. It should be followed in
this direction., Drift 1354 N. north of 1200 N. apprears to be
entirely north of the mineralized zone, which I suspect runs

nearly east and west here, ‘“ﬁég‘

Some attempt should probably be made to ascertain whether,f'
there may not be ore along the line Joining the 1307 A body and




‘ I suggest some exploration to the vicinity of 7500 E. 11,700 N.
'f'T_ . 1800 level. If there is any ore on this level, it is

e probably in 7400 - 7600 E, and 11,700 - 11,800 N,
A 1900 level. The two sulfide bodies on the 1900 level

are so small, so low in grade and so close to the Verde fault,
that it is doubtful whether it is worth while to sink on them

or to run a deeper level to them from the Edith shaft. My own
inclination would be to abandon them, particularly when it is

considered that any deeper work on them would pass into the

greatly disturbed ground between the main Verde fsult and its

hanging wall branch.
B Elsewhere, also, the 1900 level, in my opinion, offers

e ‘| no inducement to further exploration.

A B Sdhand sy i &
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THE HAYNES GROUND

The Haynes shaft 1s reported to be 1200 feet deep, with
levels at 700 and 1200 feet. There is no record of any ore hav=-
ing been found in these workings and there 1s nothing at the
surface or on the dump to indicate the existence of any signif-
icant mineralization. Whatever value the Haynes ground may have
is dependent upon the posslbility that the United Verde ore
shoot may extend, at depth, partly into the United Verde Exten=-
sion ground.

On the 1950 level, the known ore of the United Verde is
sald by Mr. Hansen, chief geologist for that company, to extend
about 50 feet into the eastern side of the Warrilor claim but it
swings east again and, down to the 3000 level, lies just east
of the Warrior east side~line., The geologists of the United
Verde conslder that their ore body below the 3000 level, pro=-
bably lies wholly to the east of the Warrior c¢laim. On the
3000 level, the ore body lies about 1000 feet southeast of the
southeast corner of the Contention claim, on which the Haynes.
shaft is situated. At the 4000 to 4500 levels, the ore body,
if its western boundary follows the direotion expected, will
still be separated from the Contention claim by the full width
of the Warrior claim. There doss not, therefore, appear to be
much chance that any part of the United Verde ore body will,
at any point enter the Contention c¢laim. Thers is, of course,
a possibility that the ore body may so change in shape and
directioh below the 3000 level, as to enter the Contention

c¢laim but there is no resson for expecting it to do so,

37,




I regard the Haynes ground as having some, rather vague,
speculative valueAbut in my opinion this is not suffioient to
Justify its exploration, eithsr now or in the near future.

If ore should ever be found in the Contention claim, the
only apex that the United Verde could claim would be, at the
most, on the Silver Glant, 1888, Eureka and Chrome Southeastern
claims. Side lines of these claims would become legal end
1ines and %the sweep of extralateral rights would be limited, én
the west, by the vertical plane thru the western sideline of the
8ilver Giant., This would pass well to the east of the Conten-
tion c¢laim. This question, should it become important, should
of course be submitted to the Company'!s counsel as it is more
legal than geological. |

The same general argument against undertaking deep pros=-
pecting on the Contention claim applies also to the Granny and
other claims of this group,

PR oo

Pasadena, Callf,, March 15, 1928,
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OXIDIZED COPPER ORES OF T1IE UNITED VERDE
' - EXTENSION MINE.* S

G. M. SCHWARTZ. ’ ‘ : : .
—

ABSTRACT.

The ores of this deposit show an unusual amount of oxidation
and secondary enrichment believed to have taken place during -
pre-Cambrian time. The ore minerals approximately in_order

LB

" of abundance are: chalcocite, cuprite, malachite, azurite, native
copper, chrysocalla, pyrite, chalcopyrite, black _oxide, covellite,
and bornite, Primary sulphides are pyrite, chalcopyrite, and pre-
sumably bornite. The secondary sulphide ore is almost entirely
chalcocite, but a little bornite and covellite are found. Malachite
commonly replaced chalcacite directly but also replaced cuprite
and occurs as nodular and boulder-like masses as well as in
streaks in kaolinite. Azurite formed with malachite apparently
in much the same sequence except that it was not found replacing
sulphides. Cuprite directly replaces sulphides and is commonly
replaced by malachite. Chrysocolla occurs mainly with mala- : -
chite, and native copper also formed at places during oxidation. ‘

No peculiaritics or changes were noted that might be attributed
to the pre-Cambrian age of the oxidation. The minerals, their
sequence and textural relations scem entirely normal.

INTRODUCTION.

Jondrum, Chicf

21

e et b S AW SyeteT - o — —




THE INFORMATION STORE
P.O. Box 6756, San Francisco. California 94101 (415) 543-4636

DATE OF REQUEST: ORDER NO.

/ 421078)
ATTN: 74;//(-( MWZ'&/W{ 080/

SOURCE TITLE (VOL., YEAR): /
‘ b 99
AUTHOR & ARTICLE: pp.
be- 3

VERIFIED IN:




in which gold
yrobably trans-
salt, however,
|l silica present
¢ alkalinity of
.d out as a sol,
ay effect coagu-

, Dr. Waldemar
atters; to Prof.
uscript and for

My, Cortland

OXIDIZED COPPER ORES OF THE UNITED VERDE

EXTENSION MINE.*
G. M. SCHWARTZ.

ABSTRACT.

The ores of this deposit show an unusual amount of oxidation
and secondary enrichment believed to have taken place during
pre-Cambrian time. The ore minerals approximately in order
of abundance are: chalcocite, cuprite, malachite, azurite, native
copper, chrysocolla, pyrite, chalcopyrite, black oxide, covellite,
and bornite. Primary sulphides are pyrite, chalcopyrite, and pre-
sumably bornite. TJe secondary sulphide ore is almost entirely
chalcocite, but a littl€ bornite and covellite are found. Malachite
commonly replaced chalcocite directly but also replaced cuprite
and occurs as nodular and boulder-like masses as well as in
streaks in kaolinite. Azurite formed with malachite apparently
in much the same sequence except that it was not found replacing
sulphides. Cuprite directly replaces sulphides and is commonly
replaced by malachite. Chrysocolla occurs mainly with mala-
chite, and native copper also formed at places during oxidation.

No peculiarities or changes were noted that might be attributed
to the pre-Cambrian age of the oxidation. The minerals, their
sequence and textural relations seem entirely normal.
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GOLD IN THE UNITED VERDE MASSIVE SULFIDE DEPOSIT

JEROME, ARIZONA

Ed DeWitt, U.S. Geological Survey, Denver, Colorado

Jerome Waegli, Phelps Dodge Corporation, Morenci, Arizona




INTRODUCTION

Location

The United Verde mine and the surrourding Verde mireralized
district (Keith and others, 1383, 1984) are on the eastern slope of
the Black Hills, near Jerome, Arizona, about 140 km rorth of Phoenix
and 64 km southwest of Flagstaff (fig. 1). Small massive sulfide
deposits extend 9 km south-southeast from Jerome, but aver 298 percent
of the production from the Verde district has come from the United
Verde and United Verde Extension mires at Jerome. Although other
deposits will be referenced, only the massive sulfide deposit of the
United Verde mine will be discussed in this report.
History

Prehistoric Indians and Spaniards in the.iéte 1590’s discovered
the deposits at Jerome and recovered scme copper by surface mining,-
but.the modern history did not begin until 1876-1877 with the
location of claims that would later become the holdings of the United
Verde Copper Company (Hamilton, 1884; Rickard, 19185.- Senator W. A.
Clark of Montarna purchased the United Verde holdings in 1888 and
operated the Urited Verde mine until 1935, when Dheips Dodge

Corporation purchased the property. The mine closed in 1953, but has

"been leased to several parties conducting small-scale surface mining

and leaching.




Production

Production records of the Phelps Dodge Corpeoration indicate that
from 1883 until 13974 the United Verde mine produced rnearly 33, 000, 000
tons of ore that yielded over 2,921,000,000 pounds of copper,
52,891, 000 pourds of zine, 49,279,000 aunceé of silver, and 1,350, 000
DUhCES.Df gold (table 1). Unpublished data from the Arizona Bureau
of Geology and Miﬁeral Technaology indicate that from 1883 until 1975
an additional 489,000 pounds of lead were produced arnd approximately
4,000,000 pounds of copper were extracted. From 1920 through 1340 the
open pit operations produced 3,708,323 tons of ore that contairned
€74,734,000 pounds of copper, 20,529,100 curces of silver, and
€83, 260 ounces of gold (Rlenius, 1330, 13€8, fig. ZA) From 1300
thraough 1375 the silver grade of ore decreased from over 4.0 oz per
toen to 1.0 oz per ton (fig. éB). During the same time gold graqes
decreased from approximately 0.085 oz per ton to 0.010 oz per ton,
resulting.in an increase of the Ag/Au ratio from 25 to 75 (fig. EC);
Fraom 1883 through 1974 the cre aY?raged 1.43 oz per ton silver and
0.041 oz per ton gold, and had a Ag/Au ratic of 36. 3. From 1303
through 1953 the gold grade of the ore had a crude positive
correlation with coppér content (fig. 3); the highest grade copper
cres of 1303-1911 contained the highest gold values, and the lowest
grade copper ores Df 1940-1953 contained the lowest gold grades.‘This
correlation is partly an artifact of the mirning or oxidized ores
(high gold content) early in the history of the deposit. Gold grades
from 13960 through 1975 did not follow the crude positive correlation
with copper content, as much of the mihing during that time was heap

leachirng and reprocessing of old ores.




The Ag/Au ratioc of the ore has varied cover time and with tﬁé
tormage of ore produced ffig. 4). Fram 1901 through 1320, Ag/Au
ratios irncreased with ircreasing underground production; as tornnage
increased the gold grade decreased faster than the silver grade
(figs. 2A, B) 2). When open pit production began in 1220 and
overtook underground production in 13922-1383, the Ag/Au ratio
stabili;ed at 30 to 40 and was independené of tormage produced
through 13933 (fig. 4). Fram‘1940 through 1944 the Ag/Au ratio
increased to 30 to 70 and was inversely related to production; gold
grédes decreased faster than silver grades (figs. 2B, C). When zinc
production began in 1944-1945, the Ag/Au ratio stablized at about Z0
and was independent of tonnaéa produced. Notably, the geold grade
irncreased slightly from 13945 through 1353 (fig. 2C), and zinc—rich
cre contained as much gold as copper—-rich ore (fig. 3).

Because only the copper—-rich portion of the massive sulfide lens
and surrounding rock was mined at the United Verde, a very lawgé
tannagé of low grade, probably subecornomic, ore remains in the
ground. Reber (19222, 13938) estimated that oniy 14 to 20 percent of
the original 90,000,000 ton ore body was of commercial grade (greater
than 2 percent copper). Both Paul Handverger (written commun., 1374)
and Péul Lindberg (written comnun., 1977) estimated the deposit
contained 80,000,000 to 100,000,000 tans of mineralized material, 75
percent of which remains in the ground. If the areas in figure 14 of
Anderson and Creasey (1358) are used to calculate tonnages,
approximately 115,000,000 tons of low—grade massive sulfide ore and
38,000,000 tons of mineralized 'black schist’ remain in the United
Verde mine from the surface to the 4500 level. The grade of the

massive sulfide material is unknown, but a conservative estimate,:




based on paét product iorn data, would be 0.5 to 1.0 percent cappér, =
to 4 percent zine, traces of lead, 0.01 to 0.013 oz per ton gold, and
0.3 to 1.0 oz per ton silver. McIlroy and others (1374) show a
resource estimate of 24,681,942 tdns of ore that average 0.32 percent
copper,y, 0.90 percent lead, 4.72 percent zirnc, and 2.05 oz/ton silver,
but give no values for gold grade.

Similar Deposits

The ore in the United Verde mine is interpreted to be a
stratiform syngenetic deposit associated with rhyolitic submarine
volcanism and hydrothermal alteration (Anderson arnd Nash, 1372). The
orebody and associated volcanic rocks are very similar to Archean
massive sulfide deposits of the Canadian shield (Hutchinson, 1973;
Sarngster, 19805 Franklin and others, 1981) and the Miccene Kuraoko
deposits of Japan fIshihara, 1374). In the southwestern United States
similar deposits of Praterczoic age are noted rear Pecos, New Mexico
(Krieger, 1932; Robertson and Maoernch, 1979), and in central and
western Arizona (Anderson and Guilbert, 1973; Gilmour and Still,
19683 DeWitt, 1973; Baker and Clayton, 19€8; Anderson, Scholz, and
Strobell, 1955; Stensrud and More, 138035 and Dormelly and Hahn,
1981). In central and western Arizona similar volcarogenic massive
sulfide deposits include the Iron King, Zornia, United Verde
Extension, 01ld Dick-Eruce, EBluebell, Copper Chief, Desotao, and

rnumerous smaller deposits.




GEOLOGY

Stratified Metavolcaric and Metasedimentary Rocks

The United Verde massive sulfide deposit lies at the top of a
sequence of interbedded rhyooltic to basaltic volecanie rocks which
have beenn metamorphosed to lower greenschist facies. Mixed
sedimentary and volcaniclastic rocks overlie the massive sulfide
deposit. Because original volcanic textures and structures are well
preserved and deformation has not aobliterated stratigraphic
relaticns, the ruletarnor-phoéed lithologies will be described by their
protoliths. Detailed stratigraphy is described in Andersan and
Creasey (19358) and Andersorn and Nash (1372).

ARccording to data in Anderson and Creasey (1358), volecanic racks
older tharn the massive sulfide deposit are a bimodal suite of basalt
and basaltic andesite (40%4) and rhyolite (53%4), with cnly mirnor
amounts (S%) of andesite and dacite (fig. 6). The mafic rocks
include the Gaddes BRasalt -ahd Shea Basalt, both of which are pillowed
lava flows with mirnor tuff and rhyolite breccia beds. The
intermediate rocks are represented only by the Erindle Pup Ardesite,
a flow unit containing intercalated basalt and rhyolite flows. The
felsic rocks include the Buzzard Rhy-:-l ite, dacite of Burnt Canyon,
and Deception Rhyolite and allied mirnor intrusive rocks. These
felsic extrusive units consist of flows, flow breccias, Jasﬁer*—rich
flows, and crystal and lithic tuffs. Porphyritic rhyolite (Clecpatra
guartz porphyry) once thought to intrude the -Dec:epti-:vn rhyalite
(Reber, 19225 Anderscocn and Creasey, 1958) is row included as an

extrusive unit within the Deception (Anderson and Mash, 1372).




The chemical analyses ir Anderson and Creasey (1338, table‘s Sy
4, 3, &, 74 and 11), however, do not indicate such a bimodal suite.
Their major element data are plotted on a classification grid (fig.
73 De la Roche and others, 1380) where the rock units are classified
by their major element chemistry, not by their published name. In
other words, even though a unit may have been named t.he Brindle Pup
Ardesite, the rock can be shown to be a rhyodacite because of its
position on figure 7. The orne analysis of Gaddes ERasalt turns out to
be a dacite, and the four analyses of Shea Basalt are actually a
dacite, .an andesite, and two andesitic basalts (figure 7). The
analysis of Brindle Pup Andesite is a rhycdacite. The Buzzard and
Deception Rhyolites are truly rhyolités, but the qgquartz porphyries
range in composition from rhyodacite to alkali rhyolite. The
chemical data, even though there are only 17 amalyses of fresh,
unaltered rocks in the Jerome area, indicate that there is a complete
range of compositions from basalt to rhyolite, and not a bimodal
suite.

The pre—ore deposit volcanic rocks are subalkaline (combirned
Naz0 plus HKgz0j; Anderson, 1283) as shown on figure 8A. The Shea and
Gaddes units are low—K rocks (fig. 8EB) and the irest of the units are
medium-K rocks according to the classification of Peccerillo and
Taylor (1978). Rll rocks with greater than S& percent Si0z .ar*e
slightly to strongly peralumircous (Shand, 1927). These racks do rot
contain abrnormally high concentrations of alumirnam, but rather are
slightly depleted in calcium, sodium, and potassium compared to
metaluminous rocks with comparable silica. Baéed on their Fe/Mg
ratio (-f'ig. 9)>, all the pre—ore deposit units are tholeiitic

(Miyashiro, 1974). The quartz porphyries exhibit a range from




tholeiitic to cale—alkalic, but the trernd toward calc—alkalic
character may be a furction of increasing magrnesium ermrichment during
mirneralization, The pre—ore deposit suite is calec—-alkalic with a
Peacock (1931) index of Si0z = S6-60.

Metasedimentary aﬁd metavolcanic units that are syn— or post-
massive sulfide deposit include coarse- and fine-grained tuffaceous
roacks, volecanic breccia, chert and jasper beds, and dacite arnd
andesite of the Grapevine Gulch Formation. Chemically the dacite in
the Grapevine Buich is a rhyolite (fig. 7). Crystal tuffs are locally
abundant in the upper part of the Grapevine Gulch Formation,
irdicating that rhyclitic volecanism continued after‘depositian of
tuffaceocus rocks, minor limestone, arnd some agglomerate (Reber,

1322). Breccia beds in the basal Grapevine Gulch contain mineralized
fragments of Deception rhyolite.(ﬁnderson and Nash, 13972).

The pre- and post-ore deposit rocks have been described as
héving formed in a volcanic envirorment (Anderson and Creasey, 1358),
in a gﬁeenstone belt (Anderson and Silver, 1976), and in volcanic
arcs with distinct polarities and chemical evolution (P. Arnderson,
1978) .

Intrusive Rocks

All metavolcanic and metasedimentary units have been intruded by
minor quartz porphyry dikes, an externsive gabbro (United Vefde
Dizrite of Reber, 1922), and later andesite(?) porphyry dikes. In the
southern part of the Jercme area a 1740 + 15 Ma guartz diorite
pluton (Anderson and Creasey, 13673 Andersor and others, 13713 date
recalculated using decay caonstants in éteiger énd Jaeger, 1977)
intrudes those units. fhe gabbro in the United Verde mine area

intruded as a sill rear the contact of the Grapevine Gulch Formation




and Deception Rhyolite, and locally cut out and isaclated piece§ of
the massive sulfide deposit (Hayrnes orebﬁdy; plate 7 énd figuwre &4 of
Anderson and Creasey, 139583 Plate X of Reber, 1338; Anderson and
Nash, 1372). The gabbro was emplaced late in the deformational
history of the stratified rocks but was metamorphosed to the same
cdegree as'the stratified rocks. Chemically, the gabbro has been
extensively altered (high Hz0, CO2, Alz203) and cannct be chemically
rnamed as other rock units are on figures 7, 8, and 3.

A swarm of east-trending, low-grade metamcrphosed andesite(?)
dikes inmtrudes the gabbro and massive sulfide lens in the United
Verde mine (Provot, 1916; Reber, 1322). The dikes are undeformed but
do contain sparse pyrite and chalcopyrite (Anderson and Creasey,
1958). Apparently the dikes were emplaced after regiconal deformation
ceased, arnd the heat from the dikes caused very local remobilization
of sulfide minerals.

Regiornal Structure and Age of Metamorphism arnd Deformation

Thé stratified volcanic sequerice that underlies the massive
sulfide deposit has a minimum age of 1,770 to 1,780 Ma, the U-Pb
zircon date of the Clecopatra member of the Deception Rhyalite (L. T.
Silver, personal commur.,, 1382). Regional deformation and low grade
metamorphism of this 1,770-1,780 Ma sequerce, along with the younger
GrapeVine Gulch Formation and gabbro, cccurred between 1,776 Ma and
1,740 £ 15 Ma, the age of the past— to late-tectonic guartz diorite
batholith south of Jerome (fig. 6) The syngevietic stratiform massive
sulfide deposit in the United Verde mirne is therefore about 1,770 to

1,780 Ma.




Varied structuwral interpretaticns of the Jerome afea have Eeen
proposed by Anderson and Creasey (1958), Anderson and Nash (1972),
Lindberg and Jacobsen (1374), and Norman (1377) that involve from one
to three major deformatioral events. The interpretation favered in
this report incorporates much of Arnderson arnd Nash’s (1972)
stratigraphy and follows Lindberg and_Jacobsén's (1374) model for two
gernerations of folding (figs. 6 arnd 10). In the area sauth of Jerome
the riorthwest-trernding Jerome anticline (F1) has been cross folded
about west—northwest-tréhding axes (figure €). The regional
foliation in the metamorphosed lithologies parallels the second
generation of folds (F2). Locally, as rnear the United Verde mire, Fi1
and F2 structural features are parallel and the effects of refolding

are not apparent.

ORE DEPOSITS

Structure

The United Verde ﬁassive sulfide body is lccalized rear the top
of the Clecpatra rhyclite member of the Decepticn rhyolite, and in
the averlying Grapeyine Gulch formation (fig. 10) The sulfide
deposit and country rocks have been folded about
north-riorthwest—trerding axes, resulting in a pipe-shaped sfratiform
deposit that trends N20W and plunges €5 degrees to thé riorth,
parallel to minor folds and axial plarne lineations (Arnderson and
Creasey, 19398). The plungg of the sulfide bedy ireresasss with depth.
Above the 1100 level the plurnge averages 45 dégrees; from the 1100
level to the 3300 level it averages 70 degrees; and from the 3300

level to the 4500 level it is vertical or reverses plurnge to the

-1 N—




scutheast. After some of the folding, but before the end of rejianal
metamorphism, a sill-like body of gabbro whicﬁ isolates and cuts off
pertions of the top of the ﬁre bzxdy (see Plates 7 and 10 of Andersaon
and Creasey, 1958) was emplaced along the Deception
rhyolite—Grapevine Gulch Formation contact.

The deposit is zoned from stratigraphic bottom (Clecpatra
rhyolite member of the Deception Rhyolite) to tap (Grapevire Gulch
Formaticn) and consists of: 1) chloritized rhyolite or quartsz
porphyrys; 2) copper-—rich 'black schist’, a hydrothermal alteraticn
product containing massiQe chlorite derived from rhyolite; 3)
copper-rich massive sulfide containing variable amounts of zinc; 4)
copper—-poor, zinc—rich massive sulfide that Forms most of the massive
sulfide deposit; and 5) jaspery chert lenses (Reber, 1922; Anderson
and Creasey, 1958). The black schist rarnges from O to 60m thick, the
massive sulfide fraom O to 120m thick, and the chert from O to 40m
thick. The massive sulfide grades downward into 'black schist’ and
ultimately rhyolite, but its upper contacts with chert, Grapevirne
Gulch rocks, or rhyoclite are sharp and discrete. Latefally, the
massive sulfide grades into and is interbedded with rhyclite arnd
Grapevine Gulch lithologies.

The sulfide mass is exposed from the surface to the 4500 foaot
level of the nine, aﬂd undoubtedly once extended Frﬁm the sufface
upward to the overlying Cambrian Tapeats Sandstone, an additional
vertical distance of 120m. The sulfide body therefore had a minimum
length of 1&00mn. The massive sulfide portion of the deposit varies
in thickness from 12 to 18m on the 4500 level to over 120m on the
1650 level. It rarges in width from discortinuous zores 75 to 160m

leng on the lawer levels of the mine to a continucusly mineralized
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zone over 420m long on the 3000 level. The massive sulfide is

approximately pipe— or molar—-shaped from the surface to the 1650

level, crescent-shaped from there to the 3300 level, and lens—shapeﬁ
in the lowest parts of the mine (Anderson and Creasey, 1958, Plate
7). This variation in shape reflects both the original configuration
of the deposit énd the effects of folding.

Wallrock Alteration

Bath the Cleopatra rhyolite member and tuffaceous lithologies of
the Grapevine Gulch Formaticn below and adgjacent to the massive
sulfide lerns have been variably chloritized arnd sericitized.
Chloritization has created the 'black schist! in the mine area ard is
probably the product of hydrothermal alteration of the rhyclite by
szawater brine (Anderson and Nash, 13972). Sericitization of the
rhyslite is more widespread than chlaritization, but is rot as
pervasive and may rnot be totally related to the ore-forming process.
Instead, some of the sericite may represert pre-metamorphic
devitrificaticn and alteration of glass and pumice within the

rhyolite (Anderson and Creasey, 1358). Microprobe analyses irdicate

that chlorite in the '"black schist? from the United Verde mine is
ripidolite with a Fe/Fe+Mg ratia thét:ranges Ffom 0.37 to 0.49 (Nash,
1973). The magresium content of the ripidolite in the Cleapatra
rhyclite member ircreases, from south to rorth, in proximity tz the
United VYerde mine. . Similar magriesium-rich chiorite (Fe/Fe+Mg ratio
of 0.231 to 0.56) has been reported from the alteration pipe of the

Bruce massive sulfide deposit near Bagdad, Arizona (Larson, 1384).



Mirneralogy

The original mirneralogy of the United Verde deposit is simple
arnd has been modifed only slightly by weathering or supergere
processes. Ore minerals in the massive sulfide lens are, in
decreasing order of abundarce, pyrite, sphalerite, chalcopyrite,
bornite, arsenopyrite, galena, tennéntite, arnd gold (praobably
electrum). Gangue includes guartz, carbonate mirerals, chlorite,
sericite, and minor hematite. The same mirerals, in about the same
relative abundances, occur in the "black schist? ore and Cleacpatra
Rhyblite ore, but chalcopyrite and bornite are more aburndant than
sphalerite in these ares. The chert that overlies the massive
sulfide lens contains less pyrite and more chalcopyrite, sphalerite,
hematite, arnd magnetite than the other ares. Naturally oxidized ores
above the 160 level-and ores oxidized by mine—fires down tao the €00
level cantained cuprite, chalcocite, azurite, malachite, rative
copper, wire silver, minor copper hydroxide mirerals, limonite, and
hydrous>copper sulfate minerals (Reber, 1322; Lindgren, 192&;
Arnderson and Creasey, 1958).

Pyrite, sphalerite, arnd chalcopyrite in the massive sulfide lers
and 'black schist’ are intergrown in a barnded to massive texture that
ranges in average grain size from 1 mm to less tharn O.02 mm
(Lindgren, 13265 Ralston, 1330; Slavin, 1930). Galena is hofmally
finer—grained tﬁan the other sulfide mirnerals and is interstitial to
pyrite and sphalerite. The overlying chert and underlying 'black
schist’ ores are slightly coarser, but very fihe—gvained. This
fine—-grained and intergrown nature of the ore %ade.high recoveries of

both base and precious metals difficult (BRarker, 1330).°




Gold is apparently present as electrum in microscopic incfusiohs
within most sulfide minerals, and the gold may contain significant
silver. Unfortunately no studies have been made of the mineralogy or
seceurrence of gold and silver. Much silver is present in late-stage
termantite in quartz-carbonate veins and carbonate-rich massive
sulfide (Anderson and Creasey, 1238, table (&). This termmantite alsa
contains significant gold, most probably as microscopic inclusions.
Lead Isotogé Data

Galena from the United Verde deposit was reported by Stacey and
others (1976) to have the following lead isotopic ratiocs: 206pp/204phH
= 15.725; E07pb/204pp = 15.270; 208pp/204ph = 3S5.344. On a
207pb/E04pb vs. 206pH/204pb diagram, this galena falls on a 1,645 Ma
model isochron (Stacey and Kramers, 1975), which is abaut 130 Ma
yournger than the preferred age of the host rocks. The lead isotopa
ratics have been interpreted by Stacey and others (1976) to indicate
that during formatiocn of the deposif lead from the manmtle was mixed
with lead from an orogenic or marine source that was of a slightly
more radiogernic nature tham the mantle lead. This miximg model does
rizt account for the 130 Ma age discreparcy, hawever.v An explanation
for the arcomalously young model galerna date of 1645 Ma is that
rnonradiogenic lead in tﬁe deposit was homogenized with radicgenic
lead from the surroundfng Cleapatra Rhyolite during Pegionél
metamorphism and protracted cocling of the metaveolecarnic terrare.

Gold-Silver Zaoration

As previously rioted, the mast obvicus change in content of
precious metals in the depasit is from unoxidized to oxidized ore,
where gold and silver grades irncrease by almost an order or magnitude

(A, 0.03 <z per ton in unoxidized ore to 0.2 oz per ton or greater




in oxidized oré; Ag, 1.2 oz per ton in unoxidized to 15.0 oz pér ton
or greater in oxidized). However, gold and silver contents alss vary
considerably within the unoxidized ore where their grades are related
to the type of ore. Smith arnd Sirdevan (1321, table 3) were perhaps
the first to show that silica-rich (converter) massive sulfide ore
contained more gold and silver than normal massive salfide (irorn) or
chlerite schist (silica) ore. Subsequently, Hansen (1330), Barker
(1330), ard Ralston and Hunter (1930) enlarged upon these findirgs
and indicated that the ore ranged from low precious metal contents
(qurtz p;rphyry, chlorite schist ore) to high contents (massive
sulfide, siliceous massive sulfide ore). Their data suggested that
the deposit was zoned and that precicus metal corntents were greatest
at the stratigraphic top.

This variation of gold and silver withiﬁ ore types is further
quantified by using the data of Storms (1955) for various levels
within the United Verde deposit. Massive sulfide ore aon the 700
level aVerages 10 times as much gold and_4~5 times as much silver as
chlorite schist ore (table 2). Massive sulfide ore on the 3000 level
averages 3~4 times as much gold and 2 times as much silver as
chlorite schist ore. Gold and silver grades rarge from 0.002 oz per
ten and 0.71 oz per ton, respectively, in chlorite schist ore to
0.116 oz per taon and 4.0 oz per ton in chert ore on the 4506 level.
Clearly the contenrt of precioﬁs metals is highest at the
stratigraphic top of the deposit amd gold is more ernriched than
silver near the tap.

Correlations between precicus arnd base mefals i the deposit are
riot onious if ore types are rnot differentiated (fig. 11A-F). Copper,

zirc, gold, and silver analyses for a suite nf'samples on the 2400
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lavel show v high positive or regative correlations among the.fmur
variables (fig. 11). An important feature to rnote from figure 11 is
that the gold ard silver grades, although not positively correlated
with either copper or zinc content, are Jﬁst as high in zirnc—-rich ore
{(fig. 11B, F) as in copper—-rich ore (fig. 11C, D).

If the various ore types are separated and the data in Storms
(1933) is plotted, correlations are roted (fig. 12, table 3). The
Ag/Au ratio and precicus metal grades vary with location in the
deposit (fig. 12A). In the chlorite schist ore the Ag/Au ratioc is
highest (average 170-400) and gold content lowest (Au, abcut 0,005 o=z
per ton). The Ag/Au ratio decreases to 30-100 (average for
unoxidized ore about 55) and the gold grade ivicreases to about Q. 04
oz per ton. Chert ore has the lowest AQ/Au ratio (30) arnd the
highest gold grade (0.10 oz per tan). Positive correlations of gold
with zirnc and gold with combined zivie and copper are noted for
massive sulfide ore (fig. 12B, C, table 3). The best :orrelatioﬁ
between precicus and base metals in massive and silicecus massive
sulfide ore is between gold and combired copper plus zine (0.570 far
106 samples). Except for data from the 3000 level the correlaticon
betweernn zinc and gold is as good or better than that between gold and
combined zinc plus copper (table 3). Gold distribution is not well
correlated with copper except on the 3000 level. The additién of
silver to gold decreases the correlation with combired copper plus
zine, indicating that silQer must be present in arncther mineral

besides the assumed electrum, most reasorably galena.
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CONCLUSIONS

Digtinguishirng Characteristics

The deposit at the United Verde mirne is very typical af.ﬁrcheaﬁ;
Proterozoic, and Phanerczoic violcanogenic massive sulfide depasits
(Ohmoto and Skinner, 1383; Franklin, Lydon, and Sargster, 1981;
Sarngster, 1380 and 19%8; Ishihara, 19743 Hutchinson, 1273; arnd
Gilmour, 12635). It occurs at the top of a submarire rhyoclite dome
and flow breccia unit.(Cleopatra member of the Deception rhyclite;
Anderson and Nash, 19725 that is part of and overlies a predominantly
tholeiitic, medium-K, caic—alkalic suite of rhyclite to basalt. The
deposit is zorned from the tap to bottom and consists of capping cherst
arnd siliceous massive sulfide ore, zinc— and copper—-zinc—rich massive
sulfide, chloritic étringer ore and chloritized Clecpatra rhyclite
ore. BGaold and silver are present in all ore types but are
concentrated at the stratigraphic top, in massive sulfide, siliceocus
hassive sulfide (both zinec— and copper-rich), and chert ore. The
grade of precious metals in the deposit (Ru, ©0.045 oz per ton; Ag,
1.61 oz per ton) is comparable to other veolcanigernic massive sulfide
deposits in Arizona (DeWitt, 13983) and was exceedad only by the Iraon
Kirng mirne rnear Humboldt, Arizona (Qu,/0.073 oz per ton;y Ag, 2.67 o=z
per ton; Arizona Bureau of Geology and Mineral Technology,
unpublished producticn data). The deposit is the largest | -_‘5b
volcanogenic massive sulfide in the United States (33 million *\:u:;n"-'sﬁz
mined; minimum of S0-70 millicn ﬁons of low—-grade material remaining)
and ocne of the largest in Narth America. Only the Kidd Creek (Walker
and others, 1975) and Brunswick 12 deposits (Sangster, 1984;
Mcﬁlligter and others, 1280) have greater reserve plus production

tormages.
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Ore Comtrols

The lmcalization of the stratiform massive sulfide body was
controlled by a hydrothermal conduit now represented by the chlorite
schist and chloritic alteration pipe irn the Clecpatra rhyolite. No
palectopographic controls, such as basins, sides of domes, etec., have
been recognized in the Jercome aréa although they could have existed
and have beern masked by the deformatiocn of the metavolcanic rocks.
Why such a large sulfide body was localized at the top of the
Deception rhyolite, as ébposed to lower in the volecanic pile, is
unkriowr, but the genesis of the deposit must have been intimately
associated with the evolution of the submarine volecanic suite.

The deposit is overlain by a sequerce of volcaniclastic
sediments, tuffs, cherty sediments, and jasper-rich beds (Grapevine
Gulch formation) that are compositionally unlike the underlying
flows, breccias, domes, and intrusives. Therefore,.Formation of the
masive sulfide deposit appears to have ernded the pericd of submarine
cale-alkalic valcanic activity and signaled the begirming of
volcaniclastic activity that may have had a different gecchemistry
(data lacking to evaluate this possibility) and was certainly of a
different nature (partly subaerialj tu?fé and immature sedimentary
rocks dominant instead of flows).

Base and precious metals are zoned within the deposit;g the
alteration pipe contairned average to high copper but very litte =zirnc,
gold, or silver. The massive sulfide had average to high copper,
zinc, gold, and silver. The capping silicecus massive sulfide awnd
chert had base and precicus metal contents that overlapped the
highesf massive sulfide ares. If all the metals were transported

through the alteraticon pipe to the paleasurface by hydrothermal



solutions, zirnc and gold were retained in solution longer than Eapper
ard silver, and were precipitated only opon reaching the
szawater—-sedimernt interface. This zonation is consistent with
decreased pH, Eh, and temperature of the hydrothermal sclution at the
inferred top of the deposit.
Origin

The United Verde deposit was formed in a Proterozoic submarine
envirorment during deposition of rhyolite flows, tuffs, and
oyroclastic material. The massive sulfide body and underlying
chloritic alteration pipe are the end products of a conduit through
which hydrothermal solutions erriched in copper, =zinc, lead, gold,
and silver traveled and ultimately precipitated their suiFide
minerals. Chemical studies have rnot been completed that would
indicate the ultimate source éf metals in the debosit, whether that
scurce be the underlying volcanic pile (léaching and redistribution
of metals) or the magma reservoir of the Deception rhyolite (primary

ernrichment of metals in the magma).
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Table 1.

Table 2.

Table 3.

TABLE CAPTIONS

Producticon data for the United Verde mirne. Data from 1889
through 1974 furnished by Phelps Dodge Corporatior. Data
for 1883 thraugh 1888 and for 1975 frem uripublished

praoduct iorn records of the Arizona Bureau of Geolagy and

‘Mireral Techrnology.

Summary of metal contents from different ore types within
the United Vefde massive sulfide.deposit. Data fram
diamond drill core analyses on the 700, 1200, 3000, and
4500 levels of the United Verde mine and the 3000 level of

the Haynes arebody (Starms, 1955)

Correlation coefficient data for metals in ore types from

the United Verde mine. Data from Storms (1355).




Figure

Figure

Figure

Fngre

Figure

Figure

FIGURE CAPTIONS
1. Location map of the Jerome area, rorth—central Arizeona.

2. Plots of production, copper, silver, and gold grades, and
Ag/Au ratics during the lifetime of the United Verde mine.
(R), production vs time; (B), copper and silver grades vs
time; (C), Ag/Au and gold grade vs time. Data from Table 1
and unpublished data from the Arizorna Bureauw of Geology and

Mineral Technolaogy.

3. Plot of gold vs copper for different time spans of

productian in the United Verde Mine.

4, Plot of Ag/Au vs tonnage for different time spans of

production in the United Verde mine.

S. Plot of gold grade and Ag/Au ratioc vs Cu/Zn ratics for ore

mined from 1944‘thraugh 1353 fraom the Uﬁited Verde Mire.

€. Gereralized geclcogy of the Jerome region. Modified from

Anderson and Creasey (1958).




Figure

Figure

Figure

Figure

7. Chemical classification diagram (De la Raoche and athefs,
1980) for volcanic units in the Jerome area. Data from
Arnderson and Creasey (1958). Only those analyses are plaotted
that contain less than 3.0 percent HzC, less than 0.5 per cent
CO0z, and have total axide weight percents between 939 and 100

percent.

8. (A), NazO + Kg0 versus SiOz diagram for voleoanic rocks in
the Jerome area. Subalkalic versus alkalic field boundary
fr;m'ﬁnderson (1383); (B), KzO versus SiOz diagram for
plutonic and volcanic rocks in the Jerome area. Roundaries
for low—, medium—, and high-K fields from Peccerilla and
Taylor (1976). Figures B8A, 8B, and 39 use the raw data from

Arderson and Creasey (1358), urcorrected for water conternts.

Fs Si0z versus FeDt/(FeCt + Mg0) diagram for volcanic rocks
in the Jerome area. Data from Anderscon and Creasey (1358).
Rourndary separating cale-alkalic from tholeiitic rocks from

Miyashiro (1374).

10. Geology of the United Verde Mine area. Modified from

Anderson and Creasey (1958) and Lindberg and Jacaobsen (1974).
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Figure

Figure

11. Plots of Cu, ZIn, AW, and Rg in the

15};_' 4
sulfide deposit. Data from unﬁublishéd

&
¥

available by Phelps Dodge Corporation.

United Verde massive
assay results made

Individual cre types

are not plotted separately. (RA)y Cu vs. In; (B), Ag vs. Irn;

(C)yy, Au vs. Cu, (D), Ag vs. Cuj; (EY, Au vs. Ag; (F), Au vs.

Zn.

United Verde massive sulfide deposit.

{1955) . Individual ore types are plott

h Plots of Cu, ZIn, Au, and Ag for varicus ore types in the

Data from Storms

ed separately. Ay, Au

ve. RAgj; (B), Au vs. Inj; (C), Au vs. Cu+Zn,
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Table

Average grades of ore types,

nited Verde ore body

Massive sulfide

Zhert, siliceacus
massive sulfide

Chlorite schist

Massive sulfide
Chlorite schist

Massive sulfide
Chlaorite schist

Chert
Silicecus

massive sulfide
Massive sulfide
Chlorite schist

layres cre body
Massive sulfide

700

700
700

1200
1200

3000
3000

4500

Cocpper
(%)

i.58 (44)

3.45(16)

2.58(12)

0.55((88)
1.02(17)

1.80(109)
3.38(109)

3.70)

5(17)
5 (62)

5(21)

3
2
1

o

0. 49(37)

Uriited Verde Mine

10.729(13)

3.41088)
3.21017)

4.90(38)
1.53(7)
2.e2(4)

10.28(14)
3.91 (59)

4, 29(28)

Gold

(oz per ton)

0.005(34)

0. 020 (43)
0. 006 (88)

0.116(4)
0.109(17)

0. 068 (60)
0. 002(3)

0. 050(36)

(23), nuﬁger of samples averaaed

Silver

(oz per ton)

1.56(31)
0.31(78)

4,00(4)

3.70¢017)
2.2z (56)

0.71(




Table 3. Correlation coefficients for ore types in the United Verde massive sulfide deposit.

Correlation Coefficients

Level, ore type CuvsZn Cuvsfu Znvshu CutInvsPu FRgvs Au Cutlnvs AgHAu
All levels, massive sulfide (92) - 400 . 028 473 .3c8 . 383 .232
All levels, siliceous g

zassive sulfide (14) .090 . 398 . 514 .610 « 333 470
All levels, massive plus

siliceous massive sulfide (106)  -.302 173 . 480 . 970 434 316
Rll levels plus Haynes orebody,

massive sulfide (120 -.260 =007 .236 .260 .209 337
700, massive sulfide (13) -.938 -.428 . 388 . 397 . 381 -.471

| 3000, massive sulfide (29) -, 643 <740 -. 480 475 <150 221

4200 massive sulfide (48) =279 - 104 . 484 47T . 486 .64
Haynes 2000, massive sulfide (28)  -.040 060 -.086 -.071 127 =081
A1l levels, chlorite schist (115) A .291 ] A 426 A
All levels, guartz porghyry (13) A 233 A A 493 A
A1l levels, massive sulfide (137) -. 168 B B B B R
All levels, chlerite schist (22) -.035 B B B B B

(22), number of samples; R, no In analyses; B, no Au, Ag analyses.
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A BRIEF GEOLOGIC HISTORY AND FIELD GUIDE TC THE JEROME DISTRICT, ARIZONA

Paul A. Lindberg
205 Paramount Drive
Sedona, Arizona 86336

INTRODUCTION

On May 3, 1986 a post-meeting field trip will
tour the Jerome mining district of North Central Ari-
zona. A visit will be made to the United Verde open
pit (inactive) and examine the Proterozoic stratig-
raphy and structure of the pit area and along Highway
89A where the section is well exposed in Deception
Gulch and Hull Canyon. Field trip stops are numbered
in Figures 1 and 2 and are referred to in the text.

Because of field trip Tlogistical constraints,
Stops No. 1 and 2 will be referred to later in the
geologic text. Stop No. 3 is at the United Verde open
pit and Stops No. 4-11 examine the well-exposed geo-
logic section along Highway 89A.

The guide is designed to give the field trip par-
ticipant a broader view of the complex geology of the
district than the limited field trip exposures can
provide. It presents a current interpretation of the
geologic history of the northern part of the region
which is based on past work but provides new informa-
tion that has been obtained since 1971. From then
to the present day a wealth of additional data has
resulted from detailed re-mapping of the surface geol-
ogy, studies of extensive diamond drill cores which
have penetrated to the Proterozoic through Phanero-
zoic cover rocks, re-examination of underground mine
records and rock specimen suites from sites no longer
accessible, stratigraphic and structural correlation
studies, and the application of modern models for the
origin of the Proterozoic massive sulfide ores. The
interpretive synthesis prepared by the author is based
on team efforts by Verde Exploration Company, the Ana-
conda Company, CoCa Mines Inc., and Phelps Dodge Cor-
poration.

A1l mines in the district are now inactive but
mineral exploration continues. The United Verde open
pit exposes the top 500 feet of an elongate, N.N.W.-
plunging orebody which extends for another 4200 feet
in elevation below the flat bench leading into the
pit area. Gold exploration is currently being con-
ducted within the gossan zone of the nearby United
Verde Extension (U.V.X.) mine.

JEROME DISTRICT MINERAL PRODUCTION

The mines at Jerome have provided the major share
of Proterozoic massive sulfide ore production from
all of Southwestern United States. The United Verde
deposit was by far the largest and the entire massive
sulfide body was probably in excess of 100 million
short tons. It is not known how much more of the body
was eroded to its original discovery level. The bulk
of the elongate, plunging body is predominantly pyrite
which forms the upper portion of the mass. Chalco-
pyrite and sphalerite occur in the basal portion and
comprise the major ore minerals contained in a gangue
of pyrite, gqyartz, and minor accessory minerals. Small
amounts of surficial supergene ore (silver rich) were
mined from the topmost part of the United Verde body,
but most of the ore represents a primary grade. Pro-
duction yields of 4.43% Cu, 1.49 oz/t Ag, and 0.041
0z/t Au plus a small amount of by-product zinc were
obtained from the basal ore which was mined. There
may be zinc reserves left within the United Verde mas-
sive sulfide body.

Although the original primary ore mineralogy and
grades of the United Verde and U.V.X. massive sulfide
bodies were probably very similar, the U.V.X. deposit
became highly enriched by subsequent supergene events.
Perhaps up to a third of the U.V.X. enrichment dates
from Precambrian time, but most of the bonanza ores
were generated during Tertiary time as discussed fur-
ther in the text. As the upper part of the U.V.X.
sulfides came in contact with meteoritic groundwaters,
copper was carried downward from the oxidizing mass
in acidic solution where it replaced chalcopyrite and
pyrite in the primary ore. Rich chalcocite ore, some
quite massive, was produced by the supergene process.
The U.V.X. mine produced 3.9 million short tons of
10.23% Cu, 1.65 oz/t Ag, and 0.046 oz/t Au.

Other mines in the Jerome district included the
Copper Chief, C1iff, Verde Central, and Shea. The
Copper Chief ores were mainly oxidized but a small
amount of copper-bearing sulfide ore was produced.
The gossan ores were mined chiefly for their precious
metal content. The C1iff mine produced a small amount
of high grade Cu-Ag massive sulfide ore. The Verde




Central deposit is reported to have produced 121,000
short tons of ore grading 2.94% Cu. The Shea mine
is unique to the district 1in that it produced small
amounts of silver from tetrahedrite ore contained in
a quartz-siderite vein (Lindgren, 1926). In addition,
there are scores of smaller deposits, some of which
had minor production, that are scattered along a rela-
tively narrow zone of Proterozoic rock outcrop for
4.5 miles on the N.E. flank of Mingus Mountain.

PREVIOUS WORK AND ORE-FORMING THEORIES

The literature on the Jerome district up to 1958
is ably summarized in an authoritative U.S.G.S. pro-
fessional paper by Anderson and Creasey (1958). Their
paper was prepared soon after the closure of the mines
at Jerome and the theories of ore genesis that they
presented were current for that era. It was widely
believed that the massive sulfide ores were formed
by selective replacement of portions of the Grapevine
Gulch sediments and an intrusive quartz porphyry.
They reported on the widespread alteration within the
Cleopatra quartz porphyry underlying the orebodies
but were unable to fully explain the cause.

The 1:24,000 geologic map which accompanies the
professional paper incorporated the work of G.W.H.
Norman who mapped the Jerome district to the southeast
as far as 0Oak Wash, located about 5 miles from the
village of Jerome. His 1:4,800 scale mapping and the
abundant mine records by mine staff geologists over
the years provided the main data base upon which the
Anderson and Creasey (1958) synthesis was made.

Exploration personnel who were active in the area
during the 1960's and very early 1970's, however, came
to the conclusion that the replacement model for the
origin of these Proterozoic massive sulfide deposits
was inadequate to explain their formation. By 1971
the volcanogenic concept for explaining massive sul-
fide origin was becoming accepted in the Jerome area
(P.A.Handverger, pers. commun. and private company
reports, 1971) and, of course, elsewhere (Sangster,
1972). For more than 15 years the volcanogenic model
has played a key role in most massive sulfide explora-
tion programs in the Jerome district.

Anderson and Nash (1972) re-interpreted the model
presented earlier by Anderson and Creasey (1958).
Their conclusion was in harmony with local geologists
who recognized that the important Cleopatra quartz
porphyry was not an intrusive, but was a crystal tuff
and part of the volcanic stratigraphy. The United
Verde and U.V.X. massive sulfide ore deposits rest
conformably on the topmost surface of the Clepoatra.
Anderson and Nash (1972) re-classified the rhyolite
crystal tuff as the Cleopatra Member of the Deception
Rhyolite. The present author proposes that the term
Cleopatra Crystal Tuff (cct on maps and sections) is
more appropriate to describe a discrete formation that
is directly related to ore formation and separated
from older and younger volcanic strata by unconform-
able surfaces.

Lindberg and Jacobson (1974) emphasized that the
United Verde and U.V.X. deposits lie on opposite limbs
of the Jerome anticline. Each of these bodies exhibit
opposite-facing stratigraphic tops and its own unique
Mg-chlorite footwall alteration (Handverger, 1975).
Norman (1977) adheres to the hydrothermal replacement
model for ore generation.

GENERAL DESCRIPTION OF THE VOLCANOGENIC MODEL

Within the volcanic and sedimentary rocks of the
Jerome district abundant volcanogenic characteristics
can be seen that relate to the process of ore forma-
tion and rock alteration. Before proceeding further
into the details of the local geology, some general
aspects of the volcanogenic model will be discussed.

Volcanogenic massive sulfide deposits and their
lateral exhalite equivalents should be considered to
be part of the stratigraphic succession, albeit a rare
and localized type of strata. Modern observations
of the deep sea floor within the last decade have at
last provided geologists with direct evidence for the
previously hypothesized ore-forming process. It needs
to be emphasized, however, that modern "black smoker"
sulfide accumulations are associated with basaltic
crust and many such bodies will ultimately be consumed
at a subducting plate margin. Those that are accreted
to the Tand mass would be classified as a Cyprus-type.
In contrast, massive sulfide hodies that are formed
with an evolved, submarine silicic volcanic pile, such
as in an island-arc environment, will stand a much
higher chance of being accreted to a continental land
mass and preserved in the record. A scenario such
as that has been proposed for the Devonian West Shasta
massive sulfide district in Northern California (Bar-
ker, et al., 1979 and Lindberg, 1985).

The interaction of sea water with hot submarine
volcanic rock permits large hydrothermal cells to form
in the substratum. Hydrothermal solutions that result
from such cells vent onto the sea floor and undergo
dramatic temperature reduction and loss of pressure
at the rock/water interface. Sulfide crusts are pre-
cipitated from mineral-laden hot springs at the vent
site. Sulfide stockworks and/or veining will typical-
ly form in the immediate footwall of the surface-laid
sulfide Taminates and masses. Continued hydrothermal
attack on the base of the growing sulfide body forms
the classic replacement textures that are so often
reported in Titerature on massive sulfide deposits. The
highest economic metal values are most often contained
near the base of such bodies, while delicate primary
sulfide Taminations are often preserved toward the
top and outer edges of the body.

Footwall rock alteration formed by the hydrother-
mal cells will vary with the size of the system and
the nature and composition of the fractured substrate.
Magnesium salts contained within the heated seawater
are carried in hydrothermal solution. Most of the
metal, sulfur, and silica values can vent to the sur-
face in solution but the magnesium reacts with the
footwall rocks where it can be concentrated in impres-
sive amounts (i.e., the "black schist" below the ore
deposits at Jerome). The high content of Mg relative
to Fe in these chlorites distinguishes them from the
iron-rich chlorites formed during regional metamor-
phism (i.e., greenstone belts).

Siliceous volcanic rocks will often exhibit wide-
spread footwall sericite alteration and may be asso-
ciated with silicification near the vent site. In
some cases silica depletion can occur at the vent it-
self and be concentrated laterally. An example of
a lateral silica enrichment zone occurs immediately
southwest of the United Verde deposit where the con-
spicuous, erosion-resistant Cleopatra Hill presents
an anomalous geomorphic feature.
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Geologic map of northern part of Jerome district, Arizona.
with detailed post-1971 mapping by P. A. Lindberg, P. A. Handverger, and C. Meyer.
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Eocene(?)-Mid. Miocene; Mogollon Rim Gravels

(Laramide Uplift and unconformity)

Paleozoic sediments, undifferentiated

(Major unconformity)

Intrusive gabbro sills (pre-folding)

Grapevine Gulch formation; volcaniclastic sediments
and turbidites; grades to N. and N.E. into andesitic
flows and hyaloclastites, basalt flows, and crystal
lithic tuffs (see text)

Upper Succession Rhyolite; flows, breccias and tuffs

Massive sulfide; exposed and concealed (United Verde

Horizon); coeval with exh=bedded exhalites and uvs=
other minor, non-exhalitive bedded sediments

"Black schist" alteration (Mg-chlorite type)

Cleopatra Crystal Tuff

Massive, semi-massive sulfide (Verde Central Horizon)

Upper Deception Rhyolite; flows and breccias; includes
polygonal flow marker horizon (p) and dacite (drudc)

Upper Shea Basalt; flows and breccias

Lower Deception Rhyolite; flows and breccias

(Lower Shea Basalt; inferred beneath drl; not exposed)

2000 3000 4000

Modified from Anderson and Creasey (1958)

Map Symbols:

Pl Mine shafts: A=Jerome Grande,
B=Verde Central, C(C=Verde Com-

bination, D=Gadsden, E=Texas,
F=A&A, G=Haynes, H=Edith and
[=Audrey (U.V.X.)
Mine dumps
&‘Folds: Primary (N.N.W.)
X Secondary (E.-N.E.)
Sl Proterozoic cauldron fault zones

......

related to ore formation; pre-
folding; some fractures filled
by cct feeder dikes

Late Miocene normal faults and
re-activated Laramide high-
angle reverse faults



Typical footwall alteration of a siliceous vol-
canic host rock exhibits depletion of Na,0 and enrich-
ment of K,0 and MgO. Beyond the reach of the hydro-
thermal alteration zone these values remain normal
for the particular rock composition in question. The
volume of a massive sulfide body is small when com-
pared to the large volume of altered footwall rocks.
Sericite (with chlorite and silica) typically forms
within a broad zone of alteration in a rhyolitic host
rock, for example, while chlorite (with sericite and
silica) becomes dominant near the active zone of vent-
ing. Depletion of metals from altered footwall rocks
accounts for some of the concentrations found in the
resulting orebodies.

Submarine vent sites can assume a wide variety
of geometries within a volcanic pile. Solutions may
vent along pipe-like sites as seen in some Kuroko,
Japan examples (Kuroda, 1983). They may also vent
from elongate graben fractures in the sea floor as
is proposed for the West Shasta district, California
(Lindberg, 1985), or they may issue from arcuate caul-
dron fractures as proposed for some of the Kuroko,
Japan deposits (Ohmoto and Takahishi, 1983) and for
the United Verde deposit (Lindberg, In press). In
the Delta district of Alaska massive sulfide deposits
formed in rifted tuff successions with no obvious lava
or vent breccia associations (Clynt Nauman, pers.
commun. ).

There are certain terms, purely relative in na-
ture, that often prove to be very useful in under-
standing the environment associated with volcanogenic
massive sulfide deposits and their associated altera-
tion zones. For example, Meyer (1972, pers. commun.
and private company reports) applied the concept of
“Lower" and "Upper Succession" to distinguish between
altered, ore-associated host rocks of the Jerome dis-
trict with post-ore cover rocks that are relatively
unaltered. These informal terms can often prove help-
ful in determining stratigraphic tops by the "one-
sidedness" of the alteration state at a mineralized
contact. In addition, the terms "proximal" and "dis-
tal" provide the relative sense of whether the sulfide
deposit is close to, or away from, an altered vent
site.

NOMENCLATURE IN THE JEROME DISTRICT

Anderson and Creasey (1958) classified the vol-
canic and sedimentary rocks of the Jerome district
as belonging to the Ash Creek group of the Precambrian
Yavapai series. A uranium-lead date of 1,820+10 m.y.
old was obtained from zircons contained within the
"quartz porphyry facies in the upper part of the De-
ception Rhyolite" (Anderson, et al., 1971, p. C12).

Post-1971 detailed mapping in the Jerome district
discloses that the published stratigraphic nomencla-
ture of Anderson and Creasey (1958) and Anderson and
Nash (1972) is in need of severe revision. There are
two main reasons for the problems in terminology.
In the first place, not all of the effects of folding
were taken into account before names were applied to
the rock units. Along the Jerome anticline, for ex-
ample, (Lindberg and Jacobson, 1974) Deception Rhyo-
lite and Shea Basalt interfinger with one another.
In the present paper the author has applied the infor-
mal names "lower Shea Basalt, lower Deception Rhyo-
lite, upper Shea Basalt, and upper Deception Rhyolite"

to the succession seen in Deception Gulch south of
Jerome. The second reason for terminology confusion
rests with the interpretation of how the "Cleopatra
quartz porphyry" of Fearing (1926) fits the strati-
graphic succession.

It is beyond the scope of this paper to present
all of the evidence and reasons for proposing formal
changes in the geologic nomenclature for the Jerome
region. The informal stratigraphic succession pre-
sented in this paper is compatible with the necessary
constraints on the system required by the volcanogenic
model. A thorough review of the origin and struct-
ural history of the Jerome massive sulfide deposits
and proposed nomenclature revisions 1is currently be-
ing prepared by the author (Lindberg, In prep.).

INFORMAL STRATIGRAPHIC SECTION FOR JEROME

The following table presents a simplified strati-
graphic section for the northern portion of the Jerome
district. Map and cross section rock symbols are also
shown as used by the author in Figures 1, 2, 4 and
5. This informal usage is subject to further refine-
ment. Wherever possible the terminology initiated
by Anderson and Creasey (1958) has been retained, but
it is now clear that major revisions in their nomen-
clature is required.

Tertiary:

Thv Mid.-Late Miocene; Hickey Basalt and included
sediments

Tmrg Eocene(?)-Mid. Miocene; Mogollon Rim Gravels

A~~~ (Major Unconformity)

Paleozoic:

Pz Paleozoic sediments, undifferentiated; Also
includes €t=Tapeats Sandstone, €cv=Chino Val-
ley formation, Dm=Martin Dolomite, PPs=Supai
Sandstone

~~~ (Major Unconformity)

Proterozoic:

gb Intrusive gabbro sills

qg Grapevine Gulch formation; ggs=volcaniclastic
sediments and turbidites, ggaf=andesitic flows
and breccias, ggah=andesitic hyaloclastites,
ggbf=pillow basalt flows, ggclt=crystal lithic
tuffs (rhyolite)

usr Upper Succession Rhyolite; flows, breccias,
tuffs

ms Massive sulfide (United Verde Horizon)

exh Bedded exhalites; lateral equivalent to ms
above and contained in United Verde Horizon

uvs Minor non-exhalitive sediments contained along
United Verde Horizon

bs "Black schist" footwall alteration to ms (Mg-
chlorite)

cct Cleopatra Crystal Tuff; cctb=internal auto-.

breccia layers, cctc=chloritic alteration,
but not to the intensity of black schist

ms Massive to semi-massive sulfides (Verde Cen-
tral Horizon)

dru Upper Deception Rhyolite; flows and breccias

sbu Upper Shea Basalt; flows and breccias

dri Lower Deception Rhyolite; flows and breccias

sbl Lower Shea Basalt; flows, some pillowed, and
hyaloclastites (Not exposed below the northern
portion of the Jerome district but projected
into this position from abundant N.N.W.-plung-
ing exposures southeast of Jerome)




EVOLUTIONARY MODEL FOR THE JEROME VOLCANIC PILE

Figure 2 shows a schematic pre-fold evolutionary
model of a portion of the Jerome volcanic pile as seen
in cross section. Most of the folds at this locality
plunge toward the N.N.W. and there is a progressive
younging of outcropping strata from the Copper Chief
mine area toward the last Proterozoic exposures found
at Jerome, nearly 4 miles to the northwest. In addi-
tion, the rhyolitic section thickens appreciably to-
ward Jerome. The submarine basement upon which the
Deception Rhyolite was laid is here defined as lower
Shea Basalt, and the periodic build-up of rhyolite lava
and breccia sheets created a submarine dome that was
several thousand feet thick. Collectively, the lower
and upper Deception Rhyolite appears to be thickest
in the immediate Jerome area, but outcrop limitations
and fold geometries do not allow the full areal extent
of the unit to be determined toward the west, north,
or northeast of Jerome.

Figures 1 and 2 show a northward-thinning wedge
of upper Shea Basalt which outcrops between lower and
upper Deception Rhyolite. Anderson and Creasey (1958)
included this basalt within the Deception, but exten-
sive field studies prove that this rock unit can be
traced without interuption from Deception Gulch, just
south of Jerome, to the main mass of outcropping Shea
Basalt several miles to the southeast. Ouring the
recent mapping phase and study of the evolution of
the volcanic pile it has become clear that rhyolite
eruptions near Jerome interfinger with andesite/basalt
emissions from a source located further to the south
on the flank of the dome.

A temporary hiatus in volcanic activity occurred
at the end of the systematic and slow build-up of the
upper Deception Rhyolite. Jasper lenses, chemical
exhalites, re-worked volcaniclastic sediments, and
local thin conglomerates can be observed on this dis-
conformable surface for some distance. Several pros-
pect cuts have been dug along this prospective contact
over the last century. The Verde Central orebody was
discovered at this horizon. Rather than occurring
at a random position on the topmost surface of the
upper Deception Rhyolite, the alteration sites, pros-
pects, and orebody lie on fractures that closely match
the same locations where subsequent cauldron fractures
of the next cycie of volcanism were about to occur.

Following the generation of the Verde Central
ore deposit (and perhaps even during), a catastrophic
set of events took place that radically changed the
nature of the evolving volcanic dome. Tumescence,
or swelling, of the large submarine dome by increasing
deep-seated magma pressure triggered the formation
of nested, arcuate fractures around the periphery of
the volcanic high. Large cauldron subsidence faults
formed within the Deception Rhyolite dome and the rup-
tures acted as feeder channels through which the Cleo-
patra Crystal Tuff was explosively erupted. Collapse
of a central crater by magma withdrawal from a deep
chamber was probably commensurate with the rapid sur-
face accumulation of the tuff sheet.

The Cleopatra Crystal Tuff was extruded in mass-
ive surges onto the sea floor where thick sheets were
accumulated. Irregularly distributed within the uni-
form sheets are autobreccia layers that exhibit in-
distinct boundaries, implying that the crystal tuff

was consolidated enough between eruptive surges
to permit local brecciation. The composition of
the crystal tuff is virtually the same from bottom
to top of a mass which is conservatively estimated
to be 2000 feet thick in the Jerome area. Away
from the pervasively altered Cleopatra in the foot-
wall of ore zones the rhyolite exhibits abundant
2-3 mm quartz and feldspar phenocrysts set in a
felsic matrix. When altered, the conspicuous and
resistant quartz "eyes" remain in a fine-grained
matrix often consisting of sericite, quartz, and
some chlorite.

Cleopatra Crystal Tuff feeder dikes now occupy
some of the cauldron subsidence fractures that cut
the upper Deception Rhyolite. Offsets that have
been studied on six cauldron faults and/or feeder
dikes show consistent down-to-the-north motions,
indicating that the collapsed dome Tlies somewhere
to the north of Jerome. Where cauldron fractures
are not filled by feeder dike material the original
fault gouge has been completely healed by chlorite
and other hydrothermal alteration minerals.

Mine exposures and exploration drilling have
extended the limited outcrop range of the Cleopatra
to a minimum of 5.5 miles in a north-south direction.
Because of Phanerozoic cover rocks, complex folds,
and the fault-buried northeastern portion, it is vir-
tually impossible to assign an accurate volume to
the original Cleopatra Crystal Tuff sheet. It is
probable that it covered a diameter of at least 8
miles and had a central thickness of 2000 feet or
more. A conservative estimate for the volume would
be 6 cubic miles (25 cubic kilometers). This rapid
eruption and mass would have been capable of generat-
ing an enormous "heat engine" which, along with the
energy released from the buried magma chamber,. was
capable of driving the hydrothermal solutions respon-
sible for massive sulfide generation.

Renewed cauldron fracturing cut the consolidated
Cleopatra Crystal Tuff sheet along breaks that were
subparallel to the feeder dikes. These late stage
subsidence faults were not large, but they allowed
the release of trapped hydrothermal fluids to escape
to the sea floor along confined channelways. Figure
3 depicts a schematic view of how these hydrothermal
solutions vented to the sea floor and deposited the
United Verde massive sulfide ore deposit. Continued
hydrothermal activity caused extensive high-grade
replacement ores to form near the base of the earlier
formed, syngenetic sulfide laminates and masses.

Coeval with proximal massive sulfide ore deposi-
tion may be distal deposition of bedded chemical ex-
halites and other minor sedimentary lenses. In the
examp le cited in Figure 3, exhalites extend distally
toward the east from the United Verde deposit, but
did not breach the sea floor scarp on the western
wall. The assymetry of deposition of fluids which
escape along the sea floor from a vent area depends
upon the irreqularity of the volcanic seascape. In
some parts of the Jerome district 1little, or none,
of the hydrothermal fluids bled away from the vent
site to produce bedded exhalites. They extended for
long distances away from the Copper Chief orebody
to the southeast, however, where the bedded exhalites
are currently being studied by Johnson (In press)
for their chemical signatures.
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Figure 2. Schematic pre-fold model of the Jerome volcanic pile in cross section. Rock symbols are the
same as shown in Figure 1 and the informal stratigraphic section listed in the text. In addition to rock
formation names, for example gg for Grapevine Gulch formation, additional letters designate the specific
subdivision of that formation. These include: f=flow, t=tuff, b=breccia, h=hyaloclastite, clt=crystal
lithic tuff, j=jasper, s=sediment, and c=chloritized. Only a portion of the large Deception Rhyolite dome
is shown in this figure. Following ore deposition along the Verde Central Horizon the rhyolite dome is
disrupted by cauldron faulting and the explosive eruption of the Cleopatra Crystal Tuff. Post-consolida-
tion cauldron subsidence faults break the tuff sheet and allow hydrothermal solutions to vent to sea floor
traps where the massive sulfide bodies accumulated. In time the hydrothermal venting and ore formation
subsided along the United Verde Ore Horizon where massive sulfide bodies, bedded exhalites, and other thin
sediments mark the upper surface of the Cleopatra. Localized eruptions of Upper Succession Rhyolite lava
domes, breccias, and tuffs were laid on top of the horizon. Toward the northeast renewed andesitic and
basaltic volcanism, interspersed with thin rhyolitic crystal lithic tuffs, blanketed the high part of the
volcanic dome and shed debris down the flank toward the southwest. A1l of these units are designated
as part of the Grapevine Gulch formation. Where they are most readily observed in Hull Canyon along High-
way 89A, the rocks are chiefly comprised of turbidites (ggs). Late stage, but pre-folding, gabbro sills
cut the upper part of the succession and are probably co-equivalent to the crater-ponded pillow basalt
flows shown in the upper right. Field trip stops are indicated by numbered circles. The Cleopatra crystal
tuff (cct) is shown at approximately % the true thickness. All other strata approximate true thicknesses.

Following the hiatus in volcanism,and massive ments gradually change into hyaloclastites, breccias,
sulfide ore generation with widespread footwall rock and flows from the higher part of the dome. Inter-
alteration, localized and relatively small rhyolite spersed within the abundant Hull Canyon turbidite
domes, breccias, and tuffs were laid onto the United exposures are bedded jasper horizons which must rep-
Verde Ore Horizon. The rocks are fresh and distinct- resent significant time intervals between turbidite
1y post-ore in age and have been given the informal surges. In other turbidite sheets there are basal
name of Upper Succession Rhyolite. rip-up clasts of tabular jasper laminae.

Above the fresh rhyolites in Hull Canyon (Field Gabbro sills intrude the bedded sediment portion
Trip Stop No. 10) are a thick series of turbidite of the Grapevine Gulch formation, and may be related
sheets (ggs) of the Grapevine Gulch formation. To- to pillow basalt extrusions into the inferred crater
ward the north, as seen 1in outcrop, mine workings, region at the summit of the dome. Gabbro sills are

and extensive drill holes, these volcaniclastic sedi- pre-folding in age and part of the dome development.




STRATIGRAPHIC SECTION SEEN ON FIELD TRIP

Figures 1 and 2 show the field trip stop numbers
in their true plan and idealized section position.
Stops No. 4-11 will examine the stratigraphic section
from upper Shea Basalt through to the Grapevine Gulch
turbidites and intrusive gabbro sill as exposed along
Highway 89A in Deception Gulch and Hull Canyon.

Stop No. 4 is situated on the axis of the Jerome
anticline at the apex of the upper Shea Basalt amygda-
loidal flow. Overlying this for the next 2500 feet
to the west along the highway are intensely folded
flow and breccia sheets of the upper Deception Rhyo-
lite. The plane of the Verde fault lies a few hundred
feet to the northeast.

Stop _No. 5 is Tlocated at a distinctive marker
unit within the upper Deception Rhyolite which helps
define the tight folding in this region of the Jerome
anticlinorium. Polygonal joints in this unusual flow
are considered to be primary cooling fractures that
have been distorted during subsequent folding. The
rest of the upper Deception Rhyolite is made up of
numerous flows with surficial flow rinds that were
formerly glassy (now devitrified) and their associated
flow breccias. Most of the breccias are composed of
relatively small fragments in the range of one-three
inches, but between Stops No. 4 and 5 there is a dis-
tinctive coarse breccia bed that can be traced through
numerous fold closures for several thousand feet.

Stop No. 6 is Tlocated at the upper .culmination
of the monotonous series of flows and breccias that
comprise the upper Deception Rhyolite. The distal
end of the Verde Central ore horizon is well exposed
in a large drag fold near creek level at the western
end of Deception Gulch along the contact between the
upper Deception Rhyolite and the overlying Cleopatra
Crystal Tuff. The contact is marked by a thin layer
of greenish-black Mg-chlorite alteration and associ-
ated jasper lenses that wax and wane along the pro-
spective ore horizon. Mine tunnels from the Verde
Central workings come close to this location and the
mine dumps can be seen a short distance upstream.
While the Deception Rhyolite is typically devoid of
megascopic quartz phenocrysts, the overlying Cleopatra
Crystal Tuff contains abundant 2-3 mm semi-rounded
crystals set in a felsic matrix. At the base of the
Cleopatra is a thin rip-up layer containing rounded
Jasper clasts and fragments of the Verde Central Ore
Horizon sediments.

Stop No. 7,a short distance from the last -stop
and located along Highway 89A, illustrates the inter-
nal features of the Cleopatra Crystal Tuff. On the
immediate north side of the highway, in a drainage
culvert opening, there is a conformable contact be-
tween two possible cooling units formed during erup-
tive surges. Lying to the west of this location, and
well exposed in a highway roadcut, is an autobreccia
lens within the crystal tuff. Weathering enhances
the fragmental nature of the rock but this feature
is often difficult to see on freshly sawn or drilled
rock surfaces.

Stop No. 8 is located at the extreme top of the
Cleopatra Crystal Tuff at a roadcut in Highway 89A
at a point approximately 5000 feet to the W.S.W. of
the United Verde orebody. The top 10-50 feet of the

Cleopatra is brecciated,with incipient fracturing
extending deeper. Multiple folds along the contact
exaggerate the thickness of the breccia. The top
few feet of the breccia show matrix supported Cleo-
patra fragments bearing different alteration states
as well as foreign jasper and re-worked volcani-
clastic fragments caught up in a debris flow. The
color of this distinctive horizon takes on a pur-
plish hue from the interstitial hematite staining.
Because the same color was seen adjacent to known
orebodies in the district the old prospector's term
"purple porphyry" was considered as an important
exploration guide to ore. The hematite staining
is thought to have resulted from deposition of weak
hydrothermal fluids that percolated outward from
the volcanic edifice and into the surrounding sea-
scape. These rocks are anomalously devoid of sulfur,
as are all of the rhyolites seen in Deception Gulch
and Hull Canyon. The brick red color that is seen
in the rhyolites of Deception Gulch is due to the
weathering of chlorite.

From Stop No. 8 due south to creek level in
Hull Canyon, the Cleopatra contact can be followed
along the purplish color zone. Several excellent
drag folds can be observed along the thin bedded
sediments of the United Verde Ore Horizon. Just
across the stream bed, on the southern side, can
be seen some of the least altered Cleopatra Crystal
Tuff known to the author.

Stop No. 9 is situated immediately to the west
of the previous stop and is located within the Upper
Succession Rhyolite. One prominent and unaltered
flow exhibits large polygonal joints and is locally
called the Bullseye rhyolite from the distinctive
iron-stained rings which can be observed within
the polygonal fractures. During a 1971 visit to
this location Howel Williams referred to these local-
ized rhyolite accumulations as "“blister domes,"
(pers. commun.), The thickness of the Upper Succes-
sion Rhyolite varies greatly along strike. It is
absent over the western part of the United Verde
orebody but thickens considerably in the hanging-
wall rocks above the U.V.X. mine. They may reach
their greatest thickness in the Copper Chief mine
area to the southeast.

Stop No. 10 examines scores of stacked turbidite
sheets that range from a few feet to more than 40
feet 1in thickness. These rocks can either be seen
in the weathered outcrops along Highway 89A or to
better advantage in the nearby parailel drainage
to the south. They form classic Bouma cycles which
exhibit coarse, graded volcanic fragments at the
base to fine-grained pelites at the top (Bouma,
1962) . A few of the pelitic tops show delicate
load casts caused by the weight of a subsequent
overlying turbidite sheet. Fragments within the
turbidites may vary from rhyolitic crystal tuff to
andesite and the individual sheets appear to become
progressively finer grained upward and more andesi-
tic as the beds become younger. The turbidites
are believed to emanate from the summit area of
the volcanic dome located somewhere north of Jerome.
Submarine erosion, perhaps close to wave level,
has removed material from the dome and deposited
the thick turbidite accumulations on the southwest
flank. These rocks are included in the Grapevine
Guich formation of Anderson and Creasey (1958).




Stop No. 11 is Tlocated near the ruins of the
Walnuft Springs swimming pool. Bedded and tightly
folded <chert horizons are exposed within pelitic
sediments of the Grapevine Gulch formation. Just
north of this site is a highway roadcut which exposes
the southern tip of a large gabbro sill that extends
to the hanging-wall of the United Verde ore deposit.
The Warrior fault lies Jjust west of this location
and marks the end of Proterozoic outcrops in Hull
Canyon.
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Figure 3. Schematic pre-fold cross section through
the United Verde deposit. The view is southerly as
one would observe the south open pit wall. Massive
sulfides were emplaced over cauldron subsidence faults
and lap against a sea floor scarp, giving assymetric
distributions. The Cleopatra Crystal Tuff has been
intensely altered by Mg-chlorite (Black Schist) in
the footwall of the orebody. At depth within the mine
the sea floor scarp appears to diminish to zero and
the sulfide lenses overlap the fractures. The distal
bedded exhalites on the eastern side are now highly
folded but persist as thin chemical sediments that
extend toward the U.V.X. deposit for several thousand
feet.

UNITED VERDE OPEN PIT

Stoop No. 3 will be at the United Verde open
pit. Except for a small lease operation in the mid-
1970's to salvage some footwall stringer ore (chalco-
pyrite in black schist), the mine has been inactive
since 1953. The massive sulfide body is located on
patented claims owned by the Phelps Dodge Corporation.

The original small surface cuts, shafts, and very
early smelter sites were located well above the large
flat bench that now leads into the pit area. This
bench was cut into the hill on the United Verde 300
mine level (i.e., 300 feet below the original ore dis-
covery point). The open pit portion of the mine was
begun in 1917 but it was not until 1922 that ore was
produced. One of the reasons for digging the pit was
to remove burning massive sulfide ore that was hinder-
ing underground production. After a hiatus during
the Depression years the pit continued to produce ore
until 1940. The orebody was eventually mined to the
4500 level along the N.N.W.-plunging orebody, or to
a depth of 4200 feet below the bench level.

The open pit operation has removed most of
the sulfide mass, but the upper barren pyritic mass-
jve sulfides can still be seen in the northwestern

pit wall. This is overlain by a tightly folded
jasper capping and remnants of Grapevine Gulch sed-
iments. The northwestern open pit wall above the

sediments has been cut into the gabbro sill. The
entire ore system (footwall alteration, massive sul-
fide ore and barren pyrite, and jasper capping) has
a N.N.W. plunge at an average of about 60 degrees.
When standing outside the fenced-off pit area, from
a vantage point near the old Phelps Dodge office,
a view toward the southwest into the pit shows the
distinct plunge on the south pit wall where the dark
colored chloritic footwall remains beneath the mined
away sulfide zone.

The conspicuous high ridge just west of Jerome
and immediately south of the pit is Cleopatra Hill.
This erosion-resistant hill marks a silica-chlorite
alteration zone. Cauldron faults which helped to
localize the venting of hydrothermal solutions can
be traced from the southwest corner of the pit up
and over the high southern ridge, where the heavily
chloritized fracture zones pass over the ridge just
to the west of the highest part of Cleopatra Hill.

The entire southern wall of the 300 level bench
area and open pit is composed of Cleopatra Crystal
Tuff, with the exception of two tight synclines of
bedded exhalites and post-ore rhyolites Jjust south-
west of the shaft. The bedded exhalites are composed
of banded cherts and jaspers with sulfide laminates
and disseminations. They represent the lateral, or
distal, equivalent to the main massive sulfide body
to the west as is shown in the pre-fold reconstruc-
tion of Figure 3. At this excellent exposure the
three dimensional effects of the polyphase folding
can be seen in detail. These folds can be traced
down plunge to the deepest levels of the United Verde
mine workings as well as to the southeast through
Deception Gulch and on into Mescal Gulch.

The principal, or primary, folds trend N.N.W.
and their axial plames dip steeply to the E.N.E. The
secondary cross folds trend east-northeasterly and
also exhibit steep axial planes. The interference
patterns created by the two superimposed fold effects
create the classic "egg crate" pattern seen in out-
crop. In the United Verde pit area the primary folds
plunge at 60° to the depths of the mine and there
the plunge reverses as the system passes through the
east-trending Haynes cross syncline. The resultant
of polyphase folding generated near-vertical high
grade ore shoots where chalcopyrite migrated into
the steep axial plane 1intersection of primary and
secondary anticlines.

The tour will examine the south pit wall in some
detail to observe the distal and proximal footwall
alteration effects in the Cleopatra Crystal Tuff.
The pit ramp road along the south wall is an ideal
location to observe the effects drawn in Figure 3.
To the east of the orebody the thin exhalite strata

extend distally away from the chloritic-altered vent:

area and override the sericitic-altered crystal tuff
adjacent to that vent. Dark colored, greenish-black
Mg-chlorite alteration formed in the immediate ore
footwall. It can be seen in fractures cutting the
crystal tuff and replacing the rock.




The miner's term "black schist" was applied
the intensely chloritized footwall alteration of the
United Verde orebody. Mg-chlorite alteration ranges
in intensity from complete replacement of the crystal
tuff to a permeation of the rock with indistinct outer
boundaries. The strongest concentrations of chiorite
occur within the old feeder fractures which channeled
large quantities of hydrothermal solution toward the
original sea floor. Between major fracture zones are
brecciated areas where chlorite envelops and partially
bypasses large blocks of Tlesser chloritized crystal
tuff.

Pyrite 1is not abundant in the footwall rocks of
the immediate vent area, but is displaced to the sides
of the most strongly chloritic zone where it is asso-
ciated with abundant sericite. Directly below the
massive sulfide body were high grade stringer veins
composed of chalcopyrite and intensely chloritic crys-
tal tuff. This constituted a major source of ore pro-
duced during the mining operation.

Just west of the main chloritic fracture zone,
a prominent pit wall of Cleopatra Crystal Tuff shows
strong sericite alteration and pyritic stockworks of
a type identical with that seen to the east of the
orebody below the bedded exhalites. Chlorite is vir-
tually absent in this zone which is in sharp contrast
to the nearby chloritized vent zone. The wall is
interpreted by the author to be near the sea floor
scarp depicted in Figure 3. It was just off the main
point of hydrothermal venting, which accounts for the
lack of Mg-chlorite, but was involved within the wide-
spread sericite alteration envelope. There is no evi-
dence that massive sulfide deposition ever breached
this sea floor scarp at this point in space. Cauldron
faulting formed an effective sea floor ore trap.

In the bottom levels of the pit massive pyrite
outcrops beyond the rubble left by mining operations.
Delicate primary depositional banding can be seen in
the massive pyrite, along with primary chert lenses
that become more common upward. Replacement textures
are rare to absent this high up on the massive sulfide
pile and the economic values are nil. Only the over-
lying jasper was somewhat recrystallized and partially
bleached by the adjacent gabbro sill intrusion. A
small amount of pyrite was formed in the chert at the
expense of the hematite.

PROTEROZOIC FOLDING

Polyphase folding is seen throughout the Jerome
district within the Proterozoic rocks. The dominant
folds trend N.N.W. and approach isoclinal conditions
in some areas. Drill-indicated primary fold ampli-
tudes of at Tleast 6000 vertical feet are inferred,
while secondary cross folds of lesser amplitude are
revealed by Fy plunge reversals seen throughout the
district. The principal exposed fold in the Jerome
area is the Jerome anticline as shown in Fiqures 1,
4, and 5. In reality this is axis of an anticlinorium
that is about 5000 feet wide. Correlation studies
over the last decade and a half of old mine records
and new diamond drill data indicate that additional
major anticlines and synclines are concealed beneath
Paleozoic and Tertiary cover rocks to the northeast
of the Verde, Bessie, Valley, and other faults within
the Verde Graben. Fold limb attitudes in the Jerome
area are steep and trend north-northwest.

Cross folds of lesser amplitude than the pri-
mary folds trend irregularly along east-northeast
axes, and a few of them are shown in the southeastern
portion of Figure 1. Interference patterns between
the complex fold sets cause numerous fold plunge
reversals and result in “Christmas tree" contact
patterns. Both stages of folding are caused by
a single deformational event from uniform compres-
sional stress being applied sub-horizontally along
an E.N.E. axis. The earlier folds (F, , N.N.W.) re-
sult from initial crustal foreshortening, while the
cross folds (F,, E.-N.E.) result from differential
vertical extension and thickening of the crust.

PROTEROZOIC FAULTING

Proterozoic faulting was confined to cauldron-
type features that are often arcuate, steep, and are
associated with growth features inherent within the
development of the volcanic pile. These pre-fold
fault zones were healed by hydrothermal solutions
that converted fault gcuge into alteration minerals
such as chlorite and silica. These steep features
remain steep and retain their cross-cutting contact
relationships during the folding stage because the
axes of the folds are also steep. A circular frac-
ture zone with primary steep attitudes will foreshor-
ten in the direction of compression and distort it
into an oval shape during the formation of F; folds.
In the same examle the oval-shaped fracture will
be distorted again during vertical ductility to flat-
ten the oval even more, and tend to make the fracture
zones even steeper during the formation of F, folds.

Ransome (1932) maintained that movement must
have occurred along the Verde fault in Precambrian
time. He believed that the United Verde Extension
orebody was the faulted-off apex of the United Verde
body, and he was not alone in this belief during the
life of the mines. Ransome's concept is 1illustrated

in Bateman (1950, p. 501). A number of other geolo-

gists over the years opposed this view for the origin
of the U.V.X. deposit as outlined in Anderson and
Creasey (1958, p. 7-3).

Exploration programs over the past 4 decades
have added a great deal of new information that was
not available at the time of the Anderson and Creasey
(1958) report. C(orrelation work by the author on
U.V.X. and United Verde mine records show an almost
exact fit across the Verde fault plane when displace-
ments are removed. No evidence for a Precambrian
age of fault offset could be found, or was necessary.
The United Verde and U.V.X. massive sulfide bodies
are simply independent and separate deposits that
are now located on opposite-facing limbs of the Jer-
ome anticline (Lindberg and Jacobson, 1974; Handver-
ger, 1975). It is equally clear that the extreme
supergene enrichment of the U.V.X. body does not date
from Precambrian time as proposed by Ransome (1932),
simply because normal supergene effects rarely exceed
200 feet below the Paleozoic cover level (The U.Y.X.
has 450 feet of gossan above it).

PHANEROZOIC FAULTING

Phanerozoic faulting in the Jerome area is re-
stricted to two distinct and separate events. The
first involved high-angle reverse faulting associated
with the Laramide Uplift of Southwestern Arizona in



Late Cretaceous to Eocene time. The second involved
normal faulting that began in Late Miocene time.

High-angle Laramide reverse faulting was wide-
spread in the Jerome area (Lindberg, 1983), in the
Grand Canyon region (Huntoon, 1974), and along por-
tions of the Mogollon Rim. Nations, et al. (1982)
place the timing of the Laramide Orogeny in Late
Cretaceous to Eocene time. The reverse faults seen
in the Jerome area accompanied compressional uplift
of Southwestern Arizona. Figure 4 depicts a geologic
cross section reconstruction of the Jerome mine area
Just following the Laramide Uplift, reverse faulting,
and northeast tilting of the strata on the Verde
monocline (Lindberg, Verde Graben abs. in press).
Several Tlocal gravity slides of detatched Paleozoic
strata occurred northeast of Jerome where large blocks
de-coupled and slid eastward at a low angle along
shaly beds of the Chino Valley formation. Although
the mile-wide slab moved only a few hundred feet,
the ensuing "pull-away" zone that overlay the U.V.X.
orebody adjacent to the Ancestral Verde fault was
to become a major factor in the generation of the
bonanza ore grades that were about to develop in
the deposit. From the time of the Laramide Uplift
to Middle Miocene time the eroding, northeast-draining
peneplain partially removed the tilted Paleozoic
strata from the Jerome area but bared the Precambrian
basement in the Mayer-Prescott region to the south-
west. Rim Gravels were deposited toward the northeast
continuously from Mingus Mountain to the present
Colorado Plateau, uninhibited by any intervening
valleys or grabens.

Erosion on the northeast-draining peneplain
may have lasted for 40-50 million years and resulted
in a mature landscape with well defined drainage
channels. One such mature channel developed in the
"pull-away" zone overlying the U.V.X. deposit. A
conglomerate-filled channel, 400 feet deep and 2000
feet wide was carved into the landscape in pre-Hickey
Basalt time. Precambrian cobbles, thought to show
a Mayer-Prescott area provenance (including several
varieties of granitic rocks which are unknown in
the Jerome area) were carried toward the plateau
in these channels. Hickey Basalt was Taid on top
of the gravel channels in the Mingus Mountain-Mayer
area 14.6 to 10.1 m.y. ago (McKee and Anderson, 1971).
Identical gravel-filled channels, buried by 8 m.y.
old Slide Rock Basalt, are seen in the eastern wall
of Oak Creek Canyon, 30 miles to the northeast (McKee
and McKee, 1972). They also occur south of Sedona
beneath Hickey age basalt flows and are thought by
the author to represent down-faulted gravels and
basalt within the Verde Graben (Lindberg, 1983).

The first known normal faulting along the Verde
fault system in the Jerome area took place is post-
Hickey time, or less than 10.1 m.y. ago. McKee and
McKee (1972) believed that 10 m.y. old basalt clasts
were still being carried onto the plateau in the
vicinity of Oak Creek Canyon. This gives credence
to the idea that an important drainage reversal could
not have occurred in the Jerome-Verde Valley area,
at least before that time. The author concurs in this
belief and proposes that the Verde Graben could not
have formed before 10 m.y. ago.

Figure 5 shows the geology of the Jerome area
following normal faulting associated with the for-
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mation of the Verde Graben, beginning about 10 m.y.
ago. This section also shows the modern erosional
surface along United Verde mine coordinates Zero
to 400 North. Field Trip Stop No. 2 presents the
surface portion of the cross section to a viewer
situated at a Jerome viewpoint on Highway 89A near
the old Mingus Union High School (See Figure 1).

THEORIES OF ORIGIN OF U.V.X. OREBODY

The role of faulting was a controversial subject
in the Jerome district when it came to searching for
additional hidden orebodies. A popular theory early
in this century held that the apex of the outcropping
United Verde "ore pipe"™ could have been faulted off
and remain hidden below Tertiary and Paleozoic rocks
on the northeastern side of the Verde fault (See An-
derson and Creasey, 1958, p. 87-89 and 145-149).

Costly attemts to locate a buried orebody by
underground searching in the expected location nearly
ended in failure when a small pod of 45% copper ore
was discovered in late 1914. This, of course, led
to the famous discovery of the main bodies of the
U.V.X. bonanza-grade Cu-Ag-Au ores. Because the dis-
covery was close to the predicted location for the
“faulted-off United Verde apex" theory, it became
an accepted model by some (Ransome, 1932).

This concept, however, had its problems when
seen in retrospective. The theory demanded a Precam-
brian age of offset prior to Paleozoic deposition,
and another normal offset inTertiary time along the
Verde fault of another 1500 feet. The Precambrian
age of movement is no longer regarded as valid, but
the Tertiary offsets are well documented. G. W. H.
Norman (in: Anderson and Creasey, 1958 and Norman,
1977) has struggled with a U.V.X. fault solution for
a long time.

Handverger (1975) and the author conclude that
the U.V.X. is a separate and distinct orebody from
the United Verde deposit. The two bodies lie on the
opposite 1limbs of the Jerome anticline and each has
distinctive footwall and hanging-wall assemblages.
While the primary massive sulfides of the U.V.X.were
Proterozoic in age, they were largely converted to
high grade chalcoite ore during the Tertiary super-
gene enrichment period and formed at the expense of
a much larger orebody.

GENERATION OF THE VERDE GRABEN

The Jerome area marks the southwestern margin
of the Verde Graben which involves faulting of the
Hickey Basalt that is as young as 10.1 m.y. old.
Collective normal offsets on the Verde, Bessie, Val-
ley, and other un-named faults amount to 6100 verti-
cal feet in the area between the Copper Chief mine
and the Mingus Union High School south of Cottonwood,
Arizona. It is likely that the deepest portion of
the graben underlies the present course of the Verde
River, but drill holes have not penetrated that deep.

Until recently the role played by the Laramide
high-angle reverse faults was not understood. The
author has located numerous fault slices of preserved
Laramide age offsets, and this ancestral stage nearly
always failed again during the Late Miocene tensijonal
regime with its normal faulting.
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Fiqure 4. East-west composite cross section through the United Verde (Mine Section
400 North) and U.V.X. (Mine Section Zero North) orebodies as their positions have
been reconstructed following the Laramide Uplift and high-angle reverse faulting on
the Ancestral Verde fault. The view is looking due North. A "pull-away" zone is
created along the fault trace when a large block of Paleozoic strata detatches from
the underlying Tapeats Sandstone and slides toward the east on uplifted and gently
dipping strata. The Jerome anticline forms the central axis of an anticlinorium that
is nearly 5000 feet across. Deep level exploration of the overturned western 1limb
of the anticline was carried out from the United Verde mine to elevations below that
shown in this figure. The chloritic root zone below the United Verde orebody follows
cauldron fractures that extend through the entire Cleopatra Crystal Tuff (cct). Rock
symbols are as shown in Figure 1 and as described in the text. Note the size of the
gossan over the U.V.X. orebody. It is expected to not have exceeded more than 200
feet in depth below the Paleozoic strata.

The Laramide and Late Miocene faults are always
paralle]l to the limbs of the primary folds in the Pro-
terozoic basement. The Precambrian influence on the
location and dip of Tertiary fault planes in the Jer-
ome district is unmistakable.

The recent understanding that most faults in the
Jerome district had a dual history, first compression-
al and then tensional, has led to a whole new under-
standing of the complex geometries of the fault blocks
in this region. For example, as the Verde fault is
traced northward the down-to-the-east motion gradually
diminishes to zero and then further on it begins to
develop a reverse sense. Britt (1972) discovered that
two ages of faulting had taken place and it was not

just a simple scissor fault. The first reverse
phase (Laramide) affected the entire fault trace
from Jerome northward to beyond the Verde River.
The Tlater tensional stage (Late Miocene) affected
only the southeastern segment of the fault which
was re-activated during the generation of the Verde
Graben (Lindberg, in press).

The Verde fault forms a clear boundary along
the southwestern portion of the graben, but in the
vicinity of Jerome additional fault steps along
the Bessie (Field Trip Stop No. 1), Valley, and
other un-named faults create ever-greater cumulative
displacements toward the southeast. The northeastern
boundary probably extends 1into the Sedona area.
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Figure 5. East-west composite cross section through the United Verde and U.V.X. ore-

bodies as their positions have been reconstructed following the period of normal
faulting associated with the generation of the Verde Graben approximately 10 m.y.
ago. The view is looking due North. A post-Laramide Uplift erosional surface has
cut deeply into the Paleozoic surface and left a mature, deep, gravel-filled channel

directly overlying the U.V.X. orebody (Compare with Figure 4). The dotted line shows
the approximate modern erosional surface across this section. Field Trip Stop No.
2 will view the surface trace of this section from a vantage point along Highway 89A.
Using the Tapeats Sandstone as a marker horizon, the Laramide reverse fault stage
had Tifted the eastern side (Ancestral Verde stage) no more than 400 feet. Then,
in Late Miocene time, normal faulting of approximately 1900 feet took place along
the Verde fault. The net offset is about 1500 feet. Note the development of basalt
lava flows (14.6 to 10.1 m.y. old) that overlie the mature channels filled with Rim
Gravels. The normal faulting that accompanied the generation of the Verde Graben

has to post-date these Tava flows.

The graben gradually diminishes in amplitude toward
the northwest, but individual small graben blocks
can be seen as far as the entrance to Sycamore Canyon.
The graben appears to have attained greatest offset
along the former Verde monocline, remnants of which
can be seen north of the Phoenix Cement plant near
Clarkdale. The Mingus Mountain block is a segment
of the Colorado Plateau which the author infers has
been detatched during recent crustal extension, with
the intervening Verde Graben having been formed as
that portion of the plateau floundered. The post-
Laramide peneplain affords an excellent marker horizon
to measure the amount of graben displacement.
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