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INTRODUCTION

Ninety-five percent of the copper production of the Un:ted States
has come from sixteen districts, of which Jerome ranks sixth.” The United
Verde sulphide pipe has been responsible for giving the Jerome district
this rank. The United Verde Extension production was from a down-faulted
segment of the upper part of the sulphide pipe. Production from other
sources in the district is comparatively negligible.

It is estimated that the original sulphide mass had a total of
more than 130 million tons and a vertical extent of over 8300 feet.
The United Verde Extension segment accounts for approximately 1120 feet,
and the United Verde, to the 4800 ft. level, 4770 feet. The balance
was lost by erosion before and after the displacement of the United Verde
Extension portion of the sulphide pipe.

Of the twenty most nroductive western metal mining districts,
Billingsley and Locke in 1938,7 listed eleven as having been bottomed,
or thoroughly explored to the maximum justifiable depth. Four, 1nclud-
ing the Jerome district, were listed as not having been bottomed. The
Jerome district must now be deleted from this latter category.

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

The Jerome mining district is located on the northecasterly slope
of the Black Hills in central Arizona with the two principal mines, the
United Verde and the United Verde Extension, close to the town of Jerome
near the north end of the distriet. The geology of the district has been
deseribed by several writers.® Here it will suffice to review the more
salient features pertaining to the environment of the United Verde sulphide
pipe.

*Gopper Mining in North America, U.S.E.M. Bulle 405, p.2-8.
U.).B.*. Minerals Yearbook, 1944.

“P Billingsley and A. Locke, "Structures of Ore Deposits in the Conti-
nental Framework". A.I.M.E. Trans. 144, p. 9-64, 1941.

®Sce list of refercnces. ;i
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GEOLOGY

The geological record begins well back in pre-Cambrian time with
a vast outpouring of volcanic material of widely varying compositions
This has been termed the greenstone complex and includes much rhyolitic
flow and some fragmental material. Overlying this is the bedded sediments
formation in which bedded volcanic tuffs and sedimentary material predomi-
nates. During a period of deformation the material was consolidated,
folded, faulted and titled steeply to the northwest.

Rhyolitic (Cleopatra) quartz porvhyry was then intruded as a
large, somewhat tabular mass approximately along the greoenstone-bedded
sediments contact. The United Verde diorite followed in the form of
a tabular blunt-nosed expanding plug roughly on the quartz porphyry-
bedded sediments contact. Often a remnant of the sediments was left
between the porphyry and diorite. Locally the diorite cuts across
porpvhyry tongues.

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

Following a long period of crosion and peneplanation, the middle
Cambrian (Tapeats) sandstone was deposited as a thin blanket (0-100 ft.)
of ferruginous beach sand and pebbles which tended to fill the minor
irregularities of the pre-Cambrian surface. Overlying the basal sandstone
in the Jerome area are from 300 to 500 fecet of Devonian limestone, 300
to 500 feet of Mississivpian (Redwall) limestone, and from nothing to 500
feet of red (Supai) sandstone and shale of Permian age. The deposition
of cach of these periods was preceded and followed by periods of uplift
and crosion. Later an outpouring of Tertiary lavaes (Malpais) formed a
covering mantle. Damming of the Verde Velley by the lavas and contemper-
ancous subsidence permitted the deposition of over 2000 feet of impure
while calcarcous scidments (Verde formation).

Pre-lava crosion was evidently very active. A deep stream channel
cut through the Paleozoic formations and partly exposed the gossan of the
United Verde Extension segment of the sulphide pipe. This channel is now
filled with Tertiary gravel and lava.

After the outpouring of the Tertiary lavas there occurred a period
of normal faulting which relatively uplifted the west side of the Verde
Valley in the neighborhood of 5000 feet. The added displacement on the
Verde Fault as indicated by the rclative positions of the base of the
Palcozoic formations in the vicinity ofthe sulphide pipe measures




3.

approximately 1600 feet. The upthrust block containing the lower, or
United Verde mine portion of the sulphide pipe, is bounded by four
normal faults. The Verde to the east, the Warrior to the west, the
Haynes to the north, and the Hull to the south. Post pre-Cambrian dis-
placement on the Haynes Fault was 500 feet, the Warrior Fault 200 feet,
and a comparatively small amount on the Hull Fault. In addition to the
pre-Cambrian movement on the Verde Fault some evidence exists that there
was also pre-Cambrian movement along the other three faults.

The uplifted scarps of the principal faults were especially subject
to erosion with the resultant exposure of a strip of pre-Cambrian rocks
paralleling the Verde Fault. The proximity of the exposed ore zone to the
fault scarp induced rapid erosion which resulted in a comparatively shallow
gossan zone above the United Verde mine. The secondary copper found in the
fault zone and near the surface to. the east was evidently transported from
the top of the sulphide pipe during this period.

SULPHIDE PIPE

Localization :

The United Verde mineralized zone is located in the vicinity of a
change in the original trend of the greenstone-bedded sediments contact.
(Sec page 4). To the south from the mineralized zone the contact is in a
nearly north-south direction snd is comparatively regular. To the north
the contact swings to the northcast and is very irregular and interfinger-
ing, also to the north ncar the orec zone, the bedded sediments show many
small drag folds evidently related to the planc of weakness along the
greenstone-bedded sediments contact. . This crumpling is more intense in
the upper part of the mine than in the deeper levels. It is believed that
the major structure is a large drag fold which plunges steeply to the
north-northwest, is more open with depth, and becomes progressively tighter
and stronger with increcased clevation, The attitude of the minor drag
folds support this hypothesis. Much of the evidence along this contact
has been destroyed by the intrusion of the quartz porphyry and diorites
The form of these intrusives was affeccted by the steeply pitching folds,
particularly in the case of the quartz porphyry.

The porphyry shows a variable schistosity or parting that is
believed to be the result of differential pressure before the rock was
completely solidified. The relatively local zones of more intense

o

N schistosity werc formed later. To the south and cast the schistosity
strikes west of north and dips to the east. Near thc mineralized zone
" © it strikes in a broadly curving arc tending to parallcl the surface of

the over-riding dioritc. The variable schistosity, with zones of greater
shearing permitting greater penetration of mineral solutions, is responsible
for the irregular footwall of the mineralized zone. In general the amount
of shearing near the mineralized zone increases vith elovation.

The diorite came in pushing upward and to the northeast, and when
it had expanded sufficiently, wrapped around the bend in the porphyry
contact., On the bottom levels the east diorite contact is in a north-south
linc with a bulge or flare to the east near the northern part. Below the
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3000 ft. level the contact dips to the east to parallel the schistosity
of the porphyry. Above the 3000 ft. level, as the diorite expands, the
dip is to the west or across the schistosity of the porphyry. As higher
elevations are reached, the bulge to the east becomes progressively more
prominent. In the middle levels it forms a gently curving arc, and in
the upper part of the mine a point swings to the south to form an inverted
structural trough. (See plans and vertical section). The plunge of the
trough is northerly conforming to the general plunge or the axes of the
minor drag folds in the sediments.

Minor Faults and Breaks

The quartz porphyry ncar its margin with the diorite is cut by an
irregular branching pattern of faults. In the upper pert of the mine they
are either weaker or obscured by mineralization ond arc hard to trace. In
the lower part of the mine they can be traced over considerable distances.
These favlts appear to have acted as a partial control for the mineralizing
solutions. It is significant that the sulphide masses are on the hangingwall
side of the breaks, or between the breaks and the diorite, The solutions
which formed the black schist penetrated to a certain extent into the foot-
wall side of the breaks, though cross breaks or fracturing associated with
the cross brezks. These faults are presumed to have been formed by the
forces associated with the intrusion of the expanding diorite as it pushed
or wrapped around thc bend in the porphyry contact.

The principal breaks of this fault pattern strike northeasterly and
are found starting near the diorite to the south and diverging from it as
they skirt the footwall of the sulphide with some branches swinging more to
the ecast and others back toward thc diorite. They dip to the northwest at
a flatter angle than thc diorite-porphyry contact and thus as higher eleova-
tions are rcached, the space between the breaks and the dioritc increases,
but still dip toward thc contact. (See vertical section Page 6).

] A second, less important series, strike in a northwesterly direction
and dip to the northeast. In soveral places the breaks of this series appear
to be resvonsible for the locslization of mineralization in the quartz porphyry
footwall. Breaks of this scries also conform to the southwusterly boundary

of the northeast portion of the main mincralized zone.

_ Faults of both series throw out complicated spurs and branches. The
breaks vary in width from a fow inches to as much as two or threc feet, with
crushed rock, quartz, carbonate and gouge filling. They are locally, if not
usuzlly, mineralized with pyrite ranging from scottored crystals to streaks
and patches. In a number of cases dikes have followed these breaks. The
faults are definitely carlicr than the intrusion of the dikes and the later
mineralization and are belicved to be entirely pre-mincral. It is probable
that the forces which vroduced these faults, fractured the alrcady schistose

‘porphyry located between the bresks and the diorite thus forming a more

favorable host for the mimeralizing solutions.

Dikes

T Numerous nearly vertical dioritic dikes cut through the orczone
and surrounding rocks in a general cast-west dircction. In width they
gencrally vary from a fraction of an inch to about three fect. However,
there arc a number six to cight fcet wide, with exceptional cases of
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greater width. In some places they are quite regular, in others

irregular and broken. The increase in number and local bunching of the
dikes, near copper bearing areas, is noticeable with depth. A series

of larger dikes starting near the 1500 ft. level cut through the sulphide
mass roughly paralleling the diorite contact. With depth they pass towards
the footwall of the mineralized zone and on the 3300 ft. level are almost
entirely in the chlorite schist and porphyry.

The smaller dikes are usually very fine grained and in places
altered or partially altered. The larger dikes are usually fresh and of
a coarser texture. Most of the dikes appear to have been intruded
following the principal stage of copper mineralization, and beforé the
later stages. There is a possibility that some of the dikes in the lower
part of the mine are older.

Mineralization

The United Verde mincralized zone consists of a very irregular
pipelike body of massive sulphide, quartz and mixed sul-hide and rock
with a steep north-northwesterly plunge. It is clearly of the schist
replacement type, with replacement of schistose quartz vorshyry and a
part of the fringe of the bedded sediments. Replacement has boen so
complete that the relative amounts of thce two rocks cannot be determined
cxactly, but the available cvidenee indicates that the porphyry was in
considerable excess. The cross scection of the mincralized zonc varies
throughout the minc. From the surface to the 1200 ft. level, the horizontal
cross sccbtion averages about 250,000 squarc feete From this horizon to the
1650 ft. level it averages about 500,000 square feet. From the 1800 to the
3000 ft. level it averages a little over 400,000 square fect. From the
3150 ft. level down, the total arca decreases rapidly and at the 4500 ft.
level it only totals 37,000 squarc feet, of which 9700 squarc feet is
massive sulphide.

The sulphide zone is limitoed to the north and west by the impervious
diorite, and to the south and ecast by an irrcgular border of black chlorite
schist. The most abundant »rimary gangue mineral is pyrite which makes up
the great bulk of the sulphide mass. With it are associated large quantitiecs
of quartz, chlorite and dolomite., Chalcopyrite is by far the principal copper
bearing mincral. Less important associated mincrals are sphalerite (marmatite),
tennantite, bornite, galena and specularite. The minerals of the oxide zone
and zone of a secondary enrichment have been included in earlier reports and
are not repcated herc.

Scveral stages of mincralization arc recognized and are briefly
described as follows™: j

l. The first solutions followed the relatively nermiable shear
zones in the porvhyry adjacent to the overhanging diori*:, replacing much
of the intervening porphyry and portions of the fringe of bedded scdiments.
These solutions deposited large quantities of quartz with very minor quanti-
tics of pyrite and chalcopyrite.

st 5 T8 Reber, "erome District", Some Arizona Copper Deposits, Arizona
Bureau of Mines Bull. 145, Pages 41-65, November, 1938.
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2. Solutions of the second period deposited much pyrite with
important quantities of marmatite, a little chalcopyrite and probably
local quartz and dolomite. This period is responsible for the major
part of the sulphide zone and probably much of the zinc.

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

4e The fourth period of mineralization was responsible for most
of the commereial ore and consisted largely of chalcopyrite with minor
pyrite and a little intergrown marmatite and galena. The chalcopyrite
appears to have favored the replacement of the chloritc schist.

5. Solutions of the fifth period brought in small quantities of

.quartz, in part associated with bornite and probably other sulphides.

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

7. The latest phase of mineralization resulted in widespread de-
position of quartz and dolomite with sparse pyrite in small veins and gash
veinlets.

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

In the lower levels of the mine the diorite and bedded sediments

- parallel the schistosity of the quartz porphyry and the ore zone consists

of a few disconnected sulphide-schist lenses. These lenses are in the
porphyry ncar its maergin. Two of these are most significant. The lonse
north of the bulge in the diorite is most cxtensive on the 4500 ft. level.

It is a sulphide-schist lonse 280 fect long by about 45 fcet wide, with a
tail stringing out to the north. Its cross scction newrly doubles by the
time it reaches the 4050 ft. level, continucs about the same to the 3750

ft. level, and then decreascs rapidly to pinch out under the expanding
diorite just below the 3300 ft. level. The orc in this lense is limited to
a cross section of 800 squarc feect on the 4500 ft. level, inereases to 1300
square feet on the 3750 ft. level, then decrcases rapidly above this horizon.

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

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

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

On the 4500 ft. level, scattered schist areas with minor sulphide,
underlic the main sulphide mass. They extend upward, beccome stronger and
make the bottom of the deepest element of the main sulphide mass, which comes
in some distance below the 3750 ft. level. Thc east clement extends from
below the 3300 ft. level to join the main mass near the 3150 ft. level; the
south element, from below the 3150 ft. level to join the mass near the 2850 ft.
level. From the 2850 ft. level upward, the sulphide pipe is continuous.

The start and upward cxpansion of the east element of the main sulphide
body is r-lated to a band of increased schistosity in the quartz porphyry,
which grows progressively stronger upward. This zone of schistosity, when
combined with the control effected by the expanding bulge in the diorite,
accounts for the formation of the crescent shaped sulphide mass in the middle
levels. As the diorite continues to expand and over-ride the porphyry, the
mineralizing solutions are progressively more confined until in the upper
levels, the sulphide is nearly cliptical in form, with the major axis almost
perpendicular to the creseent.

Copper. Since the copper mineralization appeared near the close of the
mineralizing cycle, most of the ore occurs on the underside or footwall of the
sulphide mass. In the lower horizons there are only minor spots. The copper
mineralization becomes more effective as the higher elevations in the mine
are reached, and on the 3300 ft. level, there are threc mineable bodies and the
bottom of a fourth. In the lower stoving levels most of the copper is found in
the chloritc schist. In the upper levels the amount of copper in the schist
decreases and progressively more is found in the massive sulphide. On the
2650 ft. level the copper mineralization was more widespread than below, but
the larger stopes are in the chlorite schist near the split in the sulphides.
Above this horizon the ore bodies become progressively more continuous and on
the 2100 ft. level the orebend is 15 to 90 fect wide and 800 feet long. The
flattening of the overhanging dioritc permitted increased mineralization near
the 1800 and 1650 ft. levels. In the upper horizons of the mine the heavy
pyrite stage of mineralization left unrcplaced stringers of rock extending far
out into the sulphide. Thus with the more constricted diorite trough and a
more intense zonc of shearing in the porphyry, the heavy chalcopyrite mineral-
ization penctrated ncarly to the dioritc hangingwall, as well as cxtending far
out into the quartz porphyry footwall.
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Zinc. As already stated most of the zinc is associated with
the principal stage of pyrite deposition before the significant copper
deposition. It is found in the massive sulphide between the zone of
copner deposition and the diorite hangingwall. The greater concentra-
tion of zine is found in the upper levels with scattered spots down to
the 3000 ft. level., Below this, relatively high zinc values are limited
to part of the north sulphide lense between the 3750 and the 4500 ft. levels.

Development of the low grade zinc ore disclosed that it is quite
irregular and discontinuous. Much of the best of the zinc has either been
removed in the open pit operation or is involved in the general mine
subsidence. The intimate mineralogical composition indicates a difficult
metallurcsical separation. These factors combine to preclude any presant
possibility of commercial zinc production from the Unit:od Verde mine.

Precious Metals. The best primary gold and silver values are
associated with relatively siliceous material. A number of the massive
sulphide copper ore bodies terminate in siliceous material, with relatively
high gold and silver values. There are also localized gold-silver values
in the comparatively narrow transition zone between lean sulphide and
quartz. The averags ores carry in the neighborhood of .015 ounces of
gold per ton and a little over an ounce of silver. Increased gold may
go to as much as .10 ounces and silver to two or three ounces. Occasionally
much higher values have been found. Silver averaging about two ounces is
found in schist ores with comparatively abundant tennantite.

Chlorite Schist. In the upner and middle levels the preponderance
of the chlorite schist is nearly pure ferruginous chlorite and almost black
in color. In the lower stoping levels and progressively below, the amount
of material that is transitional between the quartz porphyry and the chlorite
sechist continues.to increase. There are sizeablc arcas wherc it is nearly
impossible to tell whether chlorite schist or porphyry predominates. It
is probablec that in the lower horizons the paths of the mineralizing solu~
tions werc more scattered and hence much of the porphyry was only partially
replaced. In the middle and upper levels, structural conditions led to a
greater concentration or localization, Therc is a progressively marked
lessening of the amount of chlorite schist developed on cach of the succed-
ing levels from the 3300 ft. level down.

Quartz. The large masses of quartz found underlying the diorite
hangingwall are normally quitc dense and commonly jaspery in texture.
It is suggested that this earlier quartz assisted in rendering the hanging-
wall impervious. Other guartz masses are found througlout the sulphide.
In goneral, as the diorite contact is approached, the amount of quartz
inercases. On the bottom development levels, there is a notable inercase
in the amount of quartz as compared to the heavy sulphide. Jaspery quartz
lenses, varying from & friction of an inch to several feet in thickness,
are often found in the quartz norphyry underlying the sulphide masscs and
in shear zones adjacent to some of the minor faults. These lenses arec
usually mineralized with scattersd pyrite and a very little chalcopyrite.




ORIGIN AND CONTROL OF MINIRALIZATION

General knowledge of metalliferous ore deposits makes it prac-
tically certain that the United Verde sulphide nipe was formed by
solutions related to igneous rocks or an igneous magma reservoir, though
the particular magmatic source to which the mineralizing solutions owes
their origin is speculative. The location of the Jerome district with
respect to the Bradshaw granite area to the south and southwest, and the
granitic areas to the west and northwest, makes the Bradghaw granlte magma
the most plausible source of the mineralizing solutions.’

It appears that the mineralizing solutions were introduced through
the same channel or zone along which the guartz »orphyry and diorite were
intruded. As the north end of the diorite contiwes to recede to the south
with depth, it exerts less and less control on the depcsition of the solu-
tions. There is every indication that at some depth below the 4500 ft.
level the mineralizing solutions were introduced along a nearly north-south
striking shear or break that is on or close to the bedded sediments-quartz
porphyry contact.

It is believed that the breaks of the minor fault pattern related
to the intrusion of the dioritec, were most significant in the control of
the mineralizing solutions between the postulated major break at depth
and the zone of effective mineral deposition. Various unfavorable factors,
such as the weakness or fluidity of solutions, tightness of channels,
and lack of the damming effect of the overhanging diorite, prevented more
than a limited amount of deposition in the bottom levels of the mine.

With inercased elevation the more sheared and fractured porphyry, coupled
with the changing composition of the solutions, and the incrcased damming
effect of the diorite permitted morc and more material to be deposited.

The diorite, the fringe of sediments and the earlier quartz, combined to

form a dam that was impervious to the later phascs of the mineral solutions.
The changes in the contour of the diorite, the variable degree of schistosity
in the porvhyry, and the habit of the breaks all combined to effect changes

|
in the form of the mineralized zone so that no two levels are the same. I
: ) |

DEEP LEVEL TXPLORATION

When underground operations were rcesumed in 1937 as the open pit
was being completed, the lowest stoping was on the 2550 and 2700 ft. levels,
the 2850 and 3000 ft levels were only partially develo 3d, and drifting had
just been started on the 3300 ft. level. The necaessit; for additional ex~
ploration was apparcnt if the proposed mining schodules were to be maintained.

Preliminary drifting on +the 3000 ft. level was completed, and the
heading on the 3300 ft. level was being continuced along the sulnhlde—schlst
contact. An extensive diamond drilling program on the 3000 ft. level
indicated a decrease in the areca of mineable orc as compared to the levels
immediately above. As the 2300 drifting progressed, attendant drilling
soon indicated an apparent brecaking up of the sulphide mass, with con-
spicuously little copper minecralization. This sugrested the possible
termination or bottoming of the sulphide pipe.

*L. E. Reber, op. cit.
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An intensive exploration and development program was essential
to delineate mineable ore areas below the 3000 ft. level and to determine
whether or not the ore zone had definitely bottomed. A study of geological
data indicated the split in the sulphide mass as the most favorable location
for a development shaft. A new shaft was necessary because the existing
shafts were at an excessive distance from the mineralized zone and because
the hoisting equinment was inadequate for development at the desired depths.
The new, No. 8 Shaft, was started from the 3000 ft. level in September 1939,
and completed at the 4531 ft. level in August 1942,

Exploration levels were established on the 3450, 3750 and 4500 ft.
levels and latcr an intermediate on the 4050 f£+. level. The extensive
development and the arcas prospected on the 3450, 3750 and 4500 ft. levels
are shown on pages 16, 17, and 1#. Development from Jonuary 1940, to
October 1946, has included 10,230 feet of drifts, and ' carly 17 miles of
diamond drilling. The Mo. & Shaft exploratory orogram will be completed

early in 1947 at a total cost of approximately $1,000,0C0.,

The elevation of the 4500 ft. level is 1030 fect above sea level.

Rock temperaturcs cncountored as the development headings on this horizon
were being extended were 110° F.

COMCLUSION

It is believed that the great United Verde sulphide pipe has bottomed,
that an extensive exploration program was entirely justified, and that it has
been diligently carried out. Probably the onc outstanding feature of the
whole exploration program has been the succession of negative results ob-
tained. The minor spots of mincralized material encountered are a part of .
the progressive breaking up and diminution of mineralization below the
2400 ft. level., The present cxploration program has included a vastly
gxtended arca for a vertical distance of over 1500 feet below the lowest
stoping horizon with essentially ncgative results. The chances arce exceed-
ingly rcerote for a chanse in structural conditions which would permit the
deposition of mineral solntions at some decper horizon.

Mining oper tions arc now esscntially confined to the cleaning up of
ore in the vertical and horizontal pillars loft by cerlier mining, to remnants
around the borders of cxisting stopes, and the completion of a fow open stopes
on the 3150 and 3300 ft. levels. The combinced segments of the United Verde
sulphide pipe, (United Verde and United Verde Extension', have produced
34,550,000 tons of ore from which has buen extr cted Z,551,000,000 pounds of
copoer, 53,420,000 ounces of silver, and 1,462,000 ounces of gold. This vast
orc zone, with over sixty years of active productivity, can now be said to

be effectively bottomed.
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Mt Isa — reconstruction of a faulted ore body

By D. DunNET
Anaconda Australia Inc., Mount Isa, Queensland, Australia

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

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

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

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

INTRODUCTION

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

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

STRATIGRAPHIC SETTING

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

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

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

carbonaceous shale, potassic tuffite, dolomitic siltstone, framboidal pyrite and the base metal
sulphides of the Urquhart Shale. The Mt Isa Group ranges in thickness from some 3600 m at
Mt Isa to less than 2000 m at the Hilton Mine, 20 km north of Mt Isa. Rocks of the Mt Isa
Group form the top of the preserved Carpentarian sequence in the area. They are believed to
occupy an isolated basin, but are loosely correlated with the Gunpowder and Paradise Creek

formations to the northwest (DeKeyser 1958) and the Surprise Creek beds and Corella Forma-
tion to the northeast and east.
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F1GURE 2. General geological map of the Mt Isa spoon fault domain.
Data derived from Carter et al. (1961) and additional field mapping by the author.

BASE METAL DEPOSITS

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

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

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

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

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

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

STRUCTURAL ANALYSIS

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

Analysis of such a complex, heterogeneous fault pattern can be attempted by grouping rela-
tive ages, orientations, style, sense and magnitude of movement. This has been attempted pre-
viously by Cordwell ef al. (1963) with limited success. Smith (1969) demonstrated normal and
rift faulting contemporaneous with sedimentation. Neither author undertook analysis of faults
on the basis of style and magnitude.

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

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

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

The curved cross faults are commonly quartz-filled and brecciated with marginal quartz-
fibre filled extension gashes, which would suggest tensional structures. Fault plane dips are
difficult to determine, but generally are moderate to steep southerly. Locally (in the Paroo
Range area), the fault bounding block 4 (figure 2) dips shallowly (15-40°) south. Stratigraphy
indicates normal fault displacement.
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The faults have a strong curved trace in plan. It will be shown that despite their steep surface
dips, they must be curved in section to flatten with depth and, thus, can be termed spoon faults.
The spoon shape is the general form of failure in land slides and is common in the basin-range
normal faulting of Nevada (Proffett 1971).

Sediments between the spoon faults are weakly to moderately cleaved except adjacent to
the bounding faults. The relative lack of cleavage indicates an absence of strong compressive
strain across the spoon fault domain (Dunnet 1969). The open folds with consistently steep
north plunges (60°), despite weak internal deformation, suggest substantial rotation of the fault
blocks. These observations are important in defining a mechanism of faulting.

40 km

MYALLY BEDS
EASTERN CREEK VO_CANICS
MT GUIDE QUARTZITE
OLDER BASEMENT ROCKS

— DIKE

S DOLERITE

1 -7 FAULT BLOCKS

______ BREAKAWAY SHALE
~—" UNCONFORMITY
————— GEOLOGIC BOUNDARY

Ficure 3. Southern part of the map area of figure 2 showing major fault blocks expanded to produce a tectonic
profile of the regional anticline. Distance between fault blocks greatly exaggerated.

STRUCTURAL RECONSTRUCTION

Any attempt at reconstruction of the unfaulted sedimentary sequence and calculation of
displacement on the spoon faults requires establishment of points common to adjacent fault
blocks.
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The surface plans of the southern seven fault blocks (1-7, figure 2) are shown in figure 3,
where each block has been relocated in space to produce a tectonic profile viewed along the
major anticline. Each block has the form of a serial section through the relatively unfaulted,
but internally deformed sedimentary pile.

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

The pinch-out of Myally beds on the unconformity at the base of the Mt Isa Group is a line
recurrent in blocks 1, 3, 4 and 6. This pinch-out lineation plunges approximately 60° NW in
each fault block. The lineation is known to be formed by a pene-contemporaneous fault bound
margin to Myally sedimentation in macrolithon 1 (Smith 1969) and, thus, prior to spoon fault-
ing, it can be assumed a continuous, approximately straight linear element through the sedi-
mentary pile (1-7).

CRYSTALLENA
BLOCK

e —————

ISA MINE

@t &
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F1cure 4. Geological long section between Mt Isa and Hilton showing the
three slices of the ore body.

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

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

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

The striking similarity between lead-zinc ore stratigraphy at Hilton and at Isa, described by
Bennett (1970) and Mathias et al. (1971), strongly supports not two separate ore bodies, but
two faulted slices through the same huge base metal deposit.
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A unique solution for the position of the concealed Isacon ore body can be obtained with
reasonable accuracy. A dyke common to blocks 1 and 2 is shown on Bennett’s (1965) map in
the area south of Lake Moondara (figure 3). The triple plane intersection of this dyke with the
basal Breakaway Shales and the spoon fault plane is a unique point in each fault block. Horizon-
tal displacement of this point in block 1 relative to 2 is approximately 2000 m in a north-south
direction. Because of the steep plunge of the dyke-bedding intersection, this solution is relatively
independent of the dip of the spoon fault plane. The displacement sense and direction is con-
sistent with that deduced from the pinch-out lineation solution.

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

THE SHAPE AND ORIENTATION OF THE BASIN

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

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

1. Reconstruction of the fault slices to obtain a subcircular ore body.

2. Rotation of the regional anticline plunge to a subhorizontal attitude.

3. Rotation of the anticlinal limbs to a subhorizontal position to ‘unroll’ the regional
anticline.

This procedure is an approximation of a probably continuous deformation event and does
not account for internal strain during deformation. It indicates, however, that the current
surface of Isa was originally the southern or southeastern margin of the ore body.

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

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

Very little information has been published on the shape of the Hilton ore body. Bennett
(1970) implies a gradation from silica-dolomite marginal lithologies at Hilton into lead-zinc
lodes and probably into pyrite facies with depth. Mathias efal. (1971) refers to the strong similarity
between ore lenses 1 to 3 at Hilton and the Black Star lodes (1-5) at Isa as distinct from lenses 4
through 7 at Hilton which resemble the Racecourse (6-14) lodes at Isa. The thin enclosing
sedimentary sequence at Hilton relative to Isa (Mathias 1972) and lack of known ore in block 4
suggest that, at depth, Hilton will merge into pyrite facies of the nothwestern basin margin.

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

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

Yy
UNFAULTED ORE BODY &Wm%
V /]
FAULTED ORE BODY TENSIONAL
FAULTS
DOMAIN
BOUNDARY
FAULT

SPOON FAULTS

2 3 g 5 76

DUCTILE ZONE

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

MECHANISM OF FAULTING

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

DiscussioN

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

The sygmoidal nature of domain boundary faults is indicative of a faulting mechanism. A
shear couple acting along these faults will produce tension in the crust in the region of boundary
fault curvature. There is evidence of markedly different physical properties in the two bounding
domains, in their regional gravity patterns, structural and metamorphic styles and degree of
igneous intrusion. The western Paradise Creek domain is part of the North Australian Protero-
zoic platform, whereas, the Tectonic Welt and Cloncurry Belt to the east have characteristics of
a mobile belt. The shear and separation is thus believed to have localized along a primitive
plate boundary and at a triple junction site. This is discussed more fully in a companion publi-
cation (Dunnet 1975).

The tectonic process outlined above gives a ready mechanism for remobilization of copper
adjacent to the spoon faults. Movement can only be maintained on such flat faults where the
pore fluid pressure is high. In this environment suitable for pressure solution, moderately
elevated P/T conditions will permit carbonates, silica and copper sylphides to be readily
soluble and be redistributed along the fault plane.

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

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

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

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

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

P. F. Wirriavs (Geology Department, University of Lieden, Holland). 1 accept Dr Dunnet’s
interpretation of the geometry of the faults of the Mt Isa region and in fact proposed the
same geometrical interpretation in a report to Mt Isa Mines Ltd in 1971. However, I cannot
accept the remainder of Dr Dunnet’s structural interpretation.

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

East of the Mt Isa Fault the map shows two large folds; a synform, with its axial plane trace
passing through Mt Isa, and an antiform which exposes basement rocks along the eastern side

of the map. These two large folds have approximately north-south striking axial planes and
plunge northerly. They are second generation folds (B,). In the hinge of the antiform, near
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Transport Bay, the map shows a fold (37000 E, 51000 N) with an east-west trending axial plane
that is obviously being refolded by the antiform. In the field this first generation fold (B,) is seen
to be tight to isoclinal and to have an axial plane cleavage. The cleavage is best seen in the
Moondarra siltstone and is parallel to layering, except in the B, hinge. It is folded by the B,
antiform.

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

The faults described by Dr Dunnet appear to be folded by the B, folds and have therefore
been interpreted as pre-B, by the writer. The possibility that they developed as curved ‘spoon
faults’ cannot be eliminated but if so they developed with an axis of curvature that lies in the
B, axial surface. However, these faults certainly post-date B,; they are unaffected by B, folding
and they cut the B, folds and axial plane cleavage.

Thus the structure and history are more complicated than proposed by Dr Dunnet. The possi-
bility of the faults being penecontemporaneous with sedimentation is not eliminated since the
folds may also be penecontemporaneous but the arguments presented by Dr Dunnet are invalid
and any such interpretation is therefore pure speculation.

This of course does not detract from Dr Dunnet’s important economic argument that the
mineralization may be repeated in every fault slice. His recognition of the existing repetition, is,
in my opinion, an important contribution to the search for new ore-bodies in the Mount Isa
district.

Reference
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D. Dunner. The local, early (B,) folds were first brought to my attention by Dr B. P. Walpole
in 1962 and subsequently discussed with Dr Williams in 1969. I fail to see how they invalidate
the observations and interpretation summarized in this paper. The folds are non-penetrative
features and as Dr Williams states are ‘not common’. There is certainly no evidence for wide-
spread megascopic isoclinal folding of this period. I believe these folds result from soft sediment
slumping. The presence of associated cleavage does not invalidate their early genesis.

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

I proposed four recognizable events:

1. Early normal faulting which strikes west-northwest and is penecontemporaneous with
Myally Beds through at least Urquhart Shale deposition time. Locally the faults control Myally
Beds conglomerate and sand filled troughs as in the Gum Creek area (Smith 1969). At Hero
Bore, 40 km north of Mt Isa, a rapid facies change of Breakaway Shale and Native Bee Siltstone
equivalent to conglomerate marks the edge of the Mt Isa Shale basin and is coincident with
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their overlap across a growth fault directly onto Eastern Creek Volcanics. Similar compelling
evidence for fault controlled sedimentation can be seen in the Crystal Creek and Mammoth
areas further north.

2. Local slumping and soft sediment deformation shows as response to the early faults. The
fold at 37000 E, 51000 N (Mt Isa Mine grid) and a nappe structure with similar vergence at
32000 E, 48000 N are believed to represent slumps of the basal Mt Isa Group sediments into
the still active Gum Creek trough.

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

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

The sequence of events proposed by Dr Williams correspond to 2, 3 and 4 above. His sugges-
tion that B, folds are a separate and unrelevant event, and thus early normal faults are unrelated
to spoon faults, is possible but unlikely considering the parallelism and similarity of fault style.
Undoubtedly the tectonic picture is more complex than that proposed but I believe it will fit
the broad framework outlined above.
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INTRODUCTION

hlneuy;llve percent of the cooner procduction of the Unn*ed States
has come from sirteen districts, of which Jerome ranks sixth.” The United
Verde sulphide pipe has been reujons ible for giving the Jerome district
this rank. The United Verde Extension production was from a down-faulted
gsegnent of the uprer wart of the sulphide pipe. Production from other
sources in the dLStTlCﬁ is comparatively neglipible,

It is estimated that the original °L'pn1ue masc had a total of
more than 130 million tons and a vertical extent of over 8300 feet.
The United Verde Extension segment accounts for approximately 1120 feet,

and the United Verde, to the 4800 fi. lev -,, 770 feet. The balance
was lost by erosion before and after the displacement of the United Verde
Extension porulod of the sulrhide pipo.

Of the twenty most »roductive western metal mininv districts,
Billingsley and Locke in 1930,~ listed eleven ag having been bottomed,
or thorouchly explored to the maximum justifiable dO?u“. Four, 1ﬂclud~
ing the Jerome district, were listed as not having been bottomed. The
Jerome district must now be deleted from this latier category.

sion ceased in 1937.

rgely from cleanup operae~—

tions. *yt 151vc exploration to a depth 00 feet below the lovest
in the United Verde mine own this great sulphide

g into roots that are almost negligible. '

Production from the United Verds iExt

Present production irom the United Verde i

&

e

o

o

The Jerome mining district is located on the northeasterly slope
of ths Black Fills in central Arizona with the two.principal mincs, the
United Verde and the United Verde Extension, close to the fovm of Jerome
near the north end of thu dLSCTle. The geoclogy of the district has been
described by several writers.®’ Here it will suffice to review the more
sallcnt features wertaining to the environment of the United Verde sulphide

er Mining in North fAmerica, Y.S.E.¥. Bull. 405, p.2-8.
U.S.B.!. Hincrals Yearbook, 1944. ‘

ngsley and A. Locke, “Structures of Ore Deposits in the Conti-
al Framework". n.I-p.E. Trans. 144, p. 9-64, 1941.

*Sce list of referances.




The geological record begins vrell back in pre-Cembrian time with
a vast outpouring of volcanic material of w1deW7'v<r/1n oapooltlon.

This has been termed the greenstone complex and includes much rhyolitic
flow and some fragmental meterial. Overlying this is the bedded sediments
formation in which bedded volcanic tuifs and Tsedimentery matorial predomi-
nates. Durlnw a period of deformaticn the-material was consolidated,

folded, fauvlted and titled steeply to the northwest.

Rhyolitic (Cleopatra) quartz porohyry was then i truoe as a
largze, somewhat tebular mass annroximately along the greensione-bedded
sediments contact. The United Verde diorite followed in the form of
a tabular blunt-nosed expanding plug roughly on the quartsz porphyry-
bedded sediments contact. Often a romnant of thie sediients was left
between the porphyry and diorite. Locally the diorite cubs across

porphyry tonzucs

A scries of mincralizing solutions Tollowed the intrusion of the
diorite, coming up through the nurglnal zong of the quartz porphyry.
Thesc solutions werc controlled by the concave cenflguraulons of the
overhanging diorite and the schicto osity ﬁﬂd fracturing in the quartaz
vorphyry. The United Verde su¢pnidc nipe was formed by rc al&cuwon of
part of the rcmnants of the sadimen nd much of the quartz vornhyry

orite., Aftcr the formation of
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by sulphides, quartz and fc 15
the sulphide pioe the region was subjcct to dynanic forces which, resulted
i. mnajor auWulnb. One of thesc faults, the Verde, which surikes north-
csterly and dips to the east, resulted in the olacsm nt of the United
Vcrd@ Extension orcbody. It is estimated tLat the vertvical displacement
on this foult in proe-Cambr Jan time was something like 2400 feet. .
Following a long period of crosion and peneplanation, the middle
- Cambrian (Tancats) sannsconu was denosited as a thin blanket (P—lOO ft.)
of ferruginous bcach sand end ﬂeoolcs which tended to f£il1 the minor
irregularitics of tho pre-Cambrian surfacc. Overlying the basal sandstone
in the Jerome arca are from 300 to 500 foet of Devonian limsstone, 300
to 500 fect of Mississivpian (Rodwall) limestons, and from nothing to 500
feat of red (Supel) sandstonc and . shale of RParmian age, The deposition
of cach of thesc periods was preceded and followed by vur;ods of uplify -
and orosion. Later an oubtpouring of Tertiery lsves (La]waﬁ 5) formed 2

covering mantle., Damming of tLe “%do Velley by the lavas and contemper-
ncous subsidcnce permitted the JOS“LLOH of ovsr 2000 feect of impure
sihile calcarcous scidnents (Vera Tormation

./

.
‘< -,

Pre-lava crosion wes evidently very active. A deep stream channsl
cut through the Palcozolec formations and partly exposcd the gossan of the
United V*rdo Extonsion segment of the sulphide picce. This channel is now
filled with Tertiary gravel and lava.

After the oubpouring of the Teriiar a period
of normal faulting vhich relatively uplific Verde
Valley in the ncighborhood of 5000 fect. T on the
Verde Faulf as indicated by the rclative no " the .
Peloozolic formations in the vicinity ofthe
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approximately 1600 feet. The upthrust block containing the lower, or
United Verde mine portron of the sulphide pipe, is bound y four
normal faults. The Verde to the sast, the Warrior o th S

o +ha
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2 oine
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e
e vest,
Haynes to the nortu and the Hull {o the south, Post pre-Cambrian dis-
37acemenu on th haynes Fault was 500 :eet, the Warrior Fault 200 feet,
and a cowparan*vely small amount on the Hull Fault. In addition to the
pre-Cambrian movement on the Verde Fault some evidence exists that there
was also pre-Cambrian movement along the other three faults.

The uplifted scarps of the principal faults were especislly subject
to.crosion with the rusultant exposure of a strip of pre-Cambrian rocks =
paralleling the Verde Fault. The proximity of the exposed ore zone to the
fault scarn induced rapid erosion which resulted in a comparatively shallow
gossan zone above the United Verde mine. The secondary copper found in the
fault zone and near the ‘suriace to the east was cvidently transporied from
the top of the sulphide pipe during this perilod.

SULPHIDE PIPE

Localization ' :

The United Verde mineralized zone is loccted in the vicinity of a
change in the original trend of the greenstone-bedded sadiments contact.
(Sec page ). To the south from the mineralized zone the contact is in a
nearly north-south direction and is comperatively reguler. To the north
the contact swings to the northcast end is very irregular and interfinger-~
ing, also to the north ncar the ore zone, the tedded sediments show many
small drag folds evidently related to the planc of weakness along the
greenstone-bedded sediments contact, This crumpling is more intense in
the upper part of the mine then in the deeper lovels. - It is believed that.
the major structurc is a large drag fold which plunges steceply to the
- north-northwest, is more open with deptn, and becores prog ecs;v0Ly tighter
and strongcr with inercased clevation, The attitude of the minor drag
folds support this hypothesis. Much of the evidence along this contact
has been destroyed by the intrusion of the guertz porphyry and dioritc.
The form of these intrusives was affccted by the steeply pitcking folds,
particularly in the case of the quartz porphyry. '

-

a

The powpnyry shows & variable schistosity or parting that is C
bolicved to be the result of differential pressurc before the rock was '
complectely solidified. The relatively local zoncs of more intense s

 schistosity were formed later. To the south and cast the schistosity
strikes west of north and dips to the cast. Near the minsralized zone

it strikes in a broadly curving arc tending to parsllcl the surface of

the over-riding dioritc. The v;rlaolc schistosity; with zones of greater
shearing nermitiing greater peﬂezr ation of mineral solutions, is responsible
for the irrcgular footwall of the mineralized zone. In general the amount

- of shearing near the mincralized zonc incrcasce with eclovation.

The diorite came in pus

hing 1 the

-5 J

it had expandad sufficiently, wrapped around the bend in the porphyry
contact. On the bottom levels the cast diorite contact is in & north-soutn
inc with a bulge or flarc to the cast ncar the northern part.. Below the
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the upper part of the mine a point swings to t utl 10 form an inverted
structura trough. (Seze ylaﬂo and vertical s:ctwo 1). The olunge of the

troush is northerly conforming to the ssnéral nplunge or the axes of the
minor drag folds in the sadiments. :

Finor Fa 11ts and Breaks

Tha quartz porphyry near its margin with the diorite is cut by an
irregular brenching patiern of T"r:-.ults. In the up;u- part of the mine they
are either weoker or obscured by mineralization, and arb hard to trace. In

. the lower part of the mine they can bLe traced over considerable distances.
These favlts appcar to have acted as a nartial cvq*ﬂol for the mineralizing
solutions., It is significant that the sulphide masses arc on the hangingwall
side of the b““aks, or between the breaks and the d"orLUV, The solutions
which formed the black schist oencirated to a certein extent into the foot-
wall side of the breoaks, though cross broaks or ffeaturlng acsociated with
the cross brezks. Theae faults are prosw ormed by the
forces associated with the intrusion of the o :1 ing dlorite as it pushed

The orincipal breaks of this fault pattern stz ke orblcus%orly and
arc found starting necr the diorite to the south and diverging from it as
they skirt the foo*‘c]l of the sulphkide with some b; anches swinging more Lo

the east and others back toward the diorite. They dip to the northwest at
a flatter angle than thce diorite-porphyry contact and thus as higher elova-
tions are rcached, the spacc between the broaks uad the diorite increasss,
but still dip toward the conbtact. (Sce vertical usction Page 6). '

L second, lcss important scrics, strike in a northwesterly direction

and dip to the northeast. In soveral placces the breals of this scries appear
to bz responsible for the localization of mineralization in the quartz porphyry
footwall. BErcaks of this series also conforam to tho southwesterly boundary
of the northeast portion of the main mincrslizoed zone.

Faults of both series throw out complicated spurs and branCDOuo The
breaks vary in width from a fow inches to as much as two or threc foet, with
crushed rock, qv"t , carbornate and gouge filling, They arc locelly, if not

e i 11 ‘r j

» o
usu2lly, minsraliz ttered crystals to stroaks
and patches. In a B tas have followad

feults are defir itely corlicr thon the intrusion of the dikes and the later
mineralization and ore bulicved to be cnni“c'y Dre-ul

that the forces which nroduced these faults, fraocture

porphyry loczted botwsén the bresks and the diorite tht

favorable host for the mincralizing solutions.

Dike

7 ~ A . . by . \ U
Fumerous noarly vorvical dieritic dikes cut through the orczone
IS 4

az ircebion. In width they
generally vary from a fraction of an inch to about thres fect. FHovever,
taere arc a number ‘six to eight foet wide, with exceptionzl.cases of
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entirely in the chlorite sch 1st an

The smeller dikes are
altered or partially eltered.
2 coarscr texture. lost of t%c ai
following the prznchaW stage of
later stages. There is a DOS°7b11
part of the mine arc older.
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Mineralization

The United Verde mincralized zons consi
pipelike body of massive sulphide, quartsz

Lo~

with a steecp no
replacement tyoe, with rc Ulac“ﬂunu of
part of the Prlnfﬁ of the bedded
complete that the relative amounts o
cyaCuWy but the available evidence
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Scveral sta ages of mincralization arc recognize d and are briefly
described as Ollo’-.gn‘i

1. The first solutions followod the relabively permieble shear
zones in the porohyry adjacent to the overhanging diorite, roplacing much
of the interfening porphyry and portions of the fringe of bedded scdiments.
These solutilons doposi £ artz v cry minor quenti-
ties 1t
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2. Solutions of the second ngOh;uvh mreh pyrite with
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importent quantities of nhrnuu*uv) 2 little chal Lconyrite and probably
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local quertz and dolomite 1is period responsible for the major
part of the sulphide zone and wrobably much of the zine.

3. In the third period solutions working out from the footwall of
the pyrite re p“acea large quantities of porphyry with a nearly black, hlgA
iron variety of c:lorlu,.

4. Tha loortn pericd of mineralizetion was responsible for most

of the commercial ore and consis arg 13 lconyrite with minor
£ &7

pyrite and a little intergrovm marmati: d galena. The chalcopyrite
appears Lo have ;avorpd the rehla mel " the chlorite schist.

5. Solutions of the £fifth »eriod brought in small qualtltﬁcs of
quartz, in part associated with i Lte & robably other sulphides.

6. The sixth period of characterized by the
deposition of intergrown guartz ssociated chalconyrite,

b, o
pyrite, tennantite and sphalerite are normally found in
0

the chlorite schist ncear its Ffoo
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abundant ,y in the lower stoping 1 icd mineral deposition
by replacement was followed by d rés and gash veinlets.
This mineralization has added ma ist ore in certain

localitics.

1S hillh

£
position of quartz and dolomite with
veinlets. ‘

The products of ez
built up on the footwall o
was most important, some o
always replaced.

ch succecding nhese of the mincralization cycle
f the previous vhasc, and wnile rock rcplacenent
T ng

¢ products of the preceding phase were ncarly

In the lover levels of the nine the diorite and bedded sediments
+3
(V34

parzllel the schistosity or thc quartz porphyry and the ore zone consists
of a few discomnccted sulphide-schist lenses. These lenses arc in the
porphyry ncar its mergin. Two of thess are most eignificant. The lonse
north of the bulge in the diorite is most oxtensive on the 4500 ft. level.
It is a sulphide-schist lonse 280 fect long by about 45 feet wide, with a
tail stringing out to the north. Its cross scction noarly‘dovbios by the
time it reaches the 4050 £t. level, continucs about the same to the 3750
ft. lavel, and then dCbICQS;S ranidly to pipch out 1r1cr the expanding
diorite just below the 3300 ft. level. The orc in this lense is limited to
a cross scction of 800 square feozt on the 4300 fta ]cv“l inercascs to 1300
squere fzet on the 3750 fv. level, then dscreases ~ﬂpﬁaly 2bove this horizon.
¢ dlorite on the 4500 f£i. level,
ntacy, is a lence of quariz
30 feet wide. This lense rakes
! ily in sizc to the 3750 fr. level,
cunu_nu:g 2bout the s s Tt. level. It then decrcases up
to the 3300 £t. level with a part continuing above the 2700 ft. level., There
is v ury little copner in the massive yidés in this lense. The copper ore




S.

is in the chlorite schist localized along one of the brenching faults and
separated from the massive sulphides by a band ol quartz pord hyry, or altered
rate" al, transitional bebtween porphyry end chlorite schist. Tre principal

e body in this lense extends from the 3300 to the 2700 ft. level, There
arc other mineable bodies of limited size between the 3450 and the 3150 ft.
levels.

There is a small low grade irreguler pipe-like lense of quaruz,

massive sulphide. and minorcl¢zea schist associated with quartz- porphyry in a
sharp embayment on the wesd side of the diorite. The material differs only
from that of the main ore zonc in the Dresence of visible magnetite and -
pyrrhotite. This lense pinches out against the ovarhanglng diorite above .
the 2700 ft. level. It plunges casterly toward the main ore zone, suggesting
that it is a small branch comparable to thc north lense'.

|—3

he intervening diorite make DPST Uart of the north lense a
istinct branch or spur of the mineralized zons, while the south.lense may be
looked upon as an offsct DOTulO of the mein ore zone with a vertical overlap
of morec than 1000 fect on the main sulphide pipc.

On the 4300 £%. <devel, ucanterru sehiut ercas with minor sulphide,
underlie. the main su]pnﬂae nass, They cxtend upward, become stronger and

* -
male the bottom of the dacpest element 31tL“ nain sulphide maug, vi:ich comes
in some distance below the 3750 {4, level. Tho cast clement extends from
balow the 3300 ft. level to ]o n the main wass near the 3150 ft. levcl; the
south clement, from helow the 3150 f£t. level to join the mess near the 2850 It.
P <o

o ; S
level., From the 2850 It. Tevel upward, the sulphide pine is cont puous.

The start and upward cxpansion of the east clcment of the main sulphide
body is r-lated to a band of increased schistosity in the quartz porphyry,
which grows progressively =crongsr uﬁwurd This zone of schistosity, when
combincd with the control effected by the cxnanding bulge i
O

ge in the aﬂor*zo,
accounts for the formation of the crc ide mass in the dl '
levels. 4s the diorite continues 1o exy s 1e JO”OuYTy, he
mincralizing solutions ars progrossively mors confined until in the upper
levels, the sulphide is ncarly clipbical in ferm, with the major axis almost
f .

1
to the cresceent.

Copper. Since the coppor mincralizabion appeared near the close of the
mineralizing cycle, nost of the orc occurs on tho undérside or footwall of the
sulphide mass. In the lower horizons therc arc only minor spots. The copo- ;

s

mineralization becomes more eflcctive as the higher 010vat ons in the mine

are rsachcd, and on tho 3300 ft. level there ars three m1neaolc bodies and the
bottom of a fourth. In the lower stoping levels most of the copper is found in.

the chloritc schist. In the upper ev&ls the amount of cowyev in the schist
decrcases and progressively morc 1z found 1 the ﬁ@sp:VV sulphide. On the-

2650 f£. level the copper mingrallzatlon was mord wndesoread than below but

the larger stooes are in the ciilorite schist ncar the sollz in the sulvlldes.
Above this horizon the orc bodies become prosressively morce continuous and on
the 2100 f4. level the oretend is 15 to foot wide and 600 feet long. The

fiatt of the‘ovcrhangtng dioritae tted increased mlnc'allzatlon near
the 1 ~d 1650 £t. levels., In the horizons of the mina the heavy

of mincralization loft 3 gors of rock exbends
sulphide. Thus witL the nmore constricied diorite trough and a
O e

i i
gone of shearing in the porshyry, the heavy chalcopyrite m nineral-
o )

= < &
'

trated nearly to the di

:_‘
o
[
4!
C
o
2
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b or
5

ization penc
out into the quartz porphyry footwall. : ’

as well 'as cxtending fa
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cieted with
51 ficant copper
sitl It i s . the zone of
copner denosivion dnd the diorite hangingwall. The greater concentra- ' .
tion of “inc is found in the uppsr levels with scatiered spots dovm to
the 3000 ft. level, Below this, relatively high zinc values are limited
~ '7

: Bel 2
to part of the north sulphide lenss betwzen the 3 nd the 4500 ft. levels.

Development of the low grade zinc ore disclosed that it 1

irregular and discontinuous. HMuch of the best of the zinc has
renoved in the open pit operation or is 1nvo;wed in the geznereal mine '
subsidence. Tre intimate minsralogical composition indicates a difficult
ical separation. Thesa factors combine to praclude any presznt

possibility of commercial zinc production from the United Verde mine

- DPrecious ¥etals., The U?SD nrimary gold and silver values &are
ascociated with relatively sil Cc@bu materiala A the massi
sulnhide copper ore boawva ter i L1 ‘ ith re
high gold &

e ) raod of .015 ourices of
ounce of silver. Incrsased gold may
lver to two or three ou ces. QOccasionally
Silver avsraging about two ounces is
7ely ebundant tenﬁ tite

TUETS% . Thb av~“95 ores'carr i
gold wer ton and a little over an
go to as much as .10 ouncas and £ll
maci hwﬁbor valuss have wb :n found.
found in sc“*st orcs with comparavis

the preoonderance

@ﬂW“tPSCH"u. In the ups ;
of the hlorvu“ seni is nearly pure ferruginous chlorite and almost black
in ecolor. In the 1ow¢r stoning levels and pr 575 below, the amount .
of material t Qb is transitionzl between the rphyry end the chlorite
schist contl inues_ to increase. Thers are sizea roas where 1t is necerly
impossible to schist or porphyry prcdominates. It
is probablc uhatxln t} , the paths of the mincralizing solu-
tions wers more scatierad and hence wuch of the p "dhvvy was only pertially
ronlaccd. In txﬁ middle and uwecr levels, struc nditl ed to a
greatcr concentration or localization. Therc is & progross;vcly marked
lessening of the amount of chloritc schidst developed on cach of the succed-
ing levels from the 3300 f£t. level down.

normally

)
: S .

It is supsested that this ceriier quart s 3 ing the hanging-

wall impervions, Other guarts masses are found throughout b he sulnhide.
a1, as the diorite coubact iz approached, tho mount of quartz

increases. On the '-Ltom development 1cvais, there is @ notable increase .

in the amount of - ..rtz a5 comporcd to the haavy sulph! ic. Jaspsry quarts

lenses, varyinf .wom a frection of an inch to soveral s2ct in thickness,

are often found in the quartz yO“erﬂ underlying the sulphide masscs and

in shasar zoncs adJ“ nt to some .of the minor £a alms. Those lenses arc

usually mineraiized with scatta"ad pyritec and a very little chalcopyrite.




ORIGIN AND

Gene“ﬂl :z*o*r1 edrze of metzlliferous ors denosits makes it prac-
tically certain that the United Verde sulohi & Was Iormed by

1 servolir, though
oluulons owes

soluiions ““l“L d to igneous rocl: or
the perticular magmatic source to whi

o Bk £

their 0“151n is speculative. The locg' ion of the Jerome district with
‘respect to the Bradshaw granite arca to thé south and southwest, and the -
granitic areas to the west and northwest, makes the Bradshaw granite magma
the most plausible source of the mineralizing solutions.”™

It epoears that the r'ﬁm~c73:»nb

he sams Hannel or %one a2l o ) 1 the b TETE
ong 1LOY

the same chammel or zZone along v ch the d'LO ite \.c,ru,

5 e

ntruded. As the north end of the diori sde to the south
rith depth, it exerts less and less contA n of the solu-
tions, There is every indication that at he 4500 f£t.
level the mineralizing solutions were iat nea“ly north-south
striking shear or brezk that is on or clo the bodded scdime nns quartz

nore y?.‘“' contach.

ﬂul pattern related

in the control of
bru«& at depth

mfavorable factors,
of channels,

s
to the intrusi
the mineraliz
and the zone
such as the weaimess or :
Bl of the daming ¢ f “ceh o ovorhongire g

limited awount of devnosition in the bothon 1:"',u of the minec.
nereased elevation the morn shcared and fractured porphyry, coupled
the changing comiocition of the so]_u”o._uj and the increa

f the alorltc 1hted
of sadinent
for a 3 ryious o the
TE% chenses in tae uontoul of tha ¢
2 Lﬁu hablt of th

ineralilzed zona
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¥hen underground one 1937 as the open nit

re
was being complated, the low to¥o)

. : g owa . ¢ 2550 and 2700 f¢. levels,
the 2850 and 3000 f£t. levols were Om]v parvially devsloped, and drifting had
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