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GEOLOGICAL INTERPRETATION OF THE PALO VERDE MINE
BASED UPON DIAMOND DRILL CORE

INTRODUCTION

The Palo Verde Mine ﬁ&;owned and operated by the Banner Mlnlng Company,
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f;//Thiﬁ mine is relatively new with only meager underground“\\

Tucson, Arizon
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Workings to use for geoclogical study. This paper was written almost entlrelygbw
> ar
/on the strength of the geologic interpretation based upon diamond drill ff.

holes spaced 250 feet apart in an equllateral triangular grid system:“ﬂw//f
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glocated in the Pima Mining District, Pima County,

Arizona, approximately 2{( miles sguth of Tucson along the Twin Buttes road,p»uwiaé&ﬁf
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LOmpany-te-MISEiBisprodeet-and on the west by Banner's Mineral Hill-Daisy

area. The general locale of this mining area is on the gentle sloping

alluvihm covered pediments on the northeast fla%k of the Siervita Mountains.
The mlluv%%l covering averages 200 feet in the viecinity of the shaft with

the closest bedrock outecropping approximately 4200 feet to the southwest. The |

elevation above sea level at the Palo Verde Shaft collar is 3242 feet.‘*{ep

— - During September, ].959.J a five compartment steel and concrete shaft was

started. Shaft sinking proaressed faidy rapidly in relatively dry ground
until alavge flow of water was tapped at the 960 foot level. Prjor t%;:g%,u v
shaft 51nk1ng a churn drild hole was drilled 35 feet to the sout rand no

water waq_hlt until the hole veached below the 1100 foot levels Statlons
have been{cut at‘the 700, 800 and 900 foot levels with plans for future ex-
pansion below these.

Plans fdr a thousand ton-per-day production have been made and work is
now in progress underground on all levels§ accurdlng to schedule, Diamond
drilling is still in progress as the outer limits of the Palo Verde ore body
have not yet been delineated in all directions. Approximately 40,000 feet of

diamond drilling plus several thousand feet of churn drilling have gonstituted



the exploration and developmént program in this avea.
RORKS |

The basement complex in this area is presumably the Precaﬁhrian?
ﬁSierrita" granite whi@h is an unmineralized gnd slightly chloritized light
greenish gray, medium to coarse grained granite. It is exposed on the surface
1% miles to the west of the Palo Verde shaff and in the bottom of several
diamond drill holes in the vicinity of the shaft. The surface of the granite
dips uniformly == at a low angle to the north and east in the area.

In addition to the Sierrita granite we have other intrusives such as
quartz monzonite porphyry'and é?esite dikes. The intﬁ%dad host rocks are
limestones and gquartzites of Ealeozuic age and arkoseigraywacke and avgillite
of Cretaceous age.

The guartz monzonite porphyry consists of quart%,feldspar and biotite
mica, mineralized with ranging amounts of pyrite, chalcopyrite and molybdenite.
The size of the feldspar phenocrysts range from microscopic to % inch, with
an occasional pink phenceryst up to 3/4 inch in length. The feldspar pheno-
crysﬁfcomprése approxiﬁately 60% of the porphyry. The biotite mica flakes are

" small and sparsely disseminated through the porphyvry. OGypsum is prevalent
throughout as small veinlets and coatings on the exposed surfaces in the
fractﬁres. The porphyry has been extensively crisscrossed with small 1/16 to
2" yeinlets of late qﬁ%rtz containing purite and molybdenite as a rule. The
porphyry forms a massive sill-like body somewhat anticlinal in nature with

the axis ﬂ@mﬁﬁﬁ dipping to the west at a low angle.(qgus sill is not conflneﬁ;
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to the Palc Verde area alone but extends E to the south, the west. J
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;;y A major portion of the top of the porphyry

sill and ‘rélated ore bodies have been removed by erosion. Numerous small
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fingerlike apophyses protrude from the mass into the sédimentary host rocks.
The éﬁdesite is in the form of relatively thin dikes intruding the

limestone and avkose east of the shaft but have not as'yet been found iné

truding into the quartz monzonite porphyry. The dikes are no doubt post

mineralization in age
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STRUCTURE

The true structural conditions prevailing at the Palo Verde Mine area
are not entively decipherable from the limited amount of information
revealed by drill holes. Certain indisputable structural relationships,
howevefg do exist a d from these a reasonable geologic picture can be pieced
together.

A low ahgle thrust fault separates the Preea%brian(?) Sierrita granite
from the overlying porphyry and sedimentary formations. Typical of most
ﬁhrustg a gouge and brecciated zone up to 16 féet in thickness has been
foundlwhehever drilling penetrated the fault. The gouge is usually gray to
green gray, congiining small sub-angular to rounded §ragments with no
discernible mineralizafion. The compet;:;—;;;rlying rocks are intensely
fractured up to 50 feet above the fault‘;;;EZZe.

There are reasons to believe that this major thrust fault is the same
one that Cooper (1) has named the "San Xavier" thrust, and which he predicts
has lateral movement up to 6% miles. If(§ooper's hypothesis is correct,
then the roots of the Pﬁlo Verde anﬁ adjoining ove bodies are in the Twin
Buttes Area. There are corresponding similarities which leads the writer of
this paper to agree with Cooper. Thrustiﬁg and normal faulting definitely
occurred at two and possibly more intervals of time. The pre-mineral
faulting was probably relatively steep dipping and it was here in these
zones of weakness that the mineralization took place.

Post mineral faulting is evidenced underground by ore bodies being cut
off and displaced by both thrusts and northeasterly shears. The faulting
above the San Xavier thrust was complimentary to it and of small magnitude.
In the east Palo Verde area these steep dipping shears served also as channel-
ways forﬁthe late andesite dikes to follow. Minor bedding plane slips, shall
thrust faults and locai rolls along the bhedding are indicative of previo%%

compressional stresses# in the area. The abundant steep dipping quartz and
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and sulfide veinlets in the quartz monzonite porphyryAindicate pre-mineral
fracturing. Drill core information prohibits the interpretation of any
definite fracture pattern in the area, but future underground developments

'will no doubt disclose one or more patterns.



' P. 6
ALTERATION

Alteration of the rock types in the Palo Verde Area has been very intense
with very little remaining that did not undergo the hydrothermal processes
of recrystallization and metaschatism. Alteration is more pronounced in the
vicinity of the intrusive porphyry sill but extends well beyond the boundaries
of the Palo Verde area. The zones of alteration in respect to their spatial
relationship to the porphyry are (1) K%éinizatioh, {2) Silieification5
pyritization, and (3) Recrystallization of the limestones.

In the quartz monzonite porphyry hydrothermal alteration has kaolinized
over 75% of the feldspars and biotite mica. Quartz and small quantities of
sericite also resulted from this alteration. The crystal structure of the
quartz phenocrysis has been mostly obliterated by resorbtion of the silica.
The twi%?ng planes and crystal faces of the feldspars aréfg;seured by the

alteration processes.

porphyry in small scattered amounts oﬁAQ?'\ #ve importance. In the sedimentary

———

rpcks particularly the graywacke and arkose adjacent to the porphyry secondary

feldspar have been formed.

Epidotization of the arkoses an
graywacke has taken place over a wide spread area and whenever encountered in
guantities the purite ratio increases also.

In the tactite-garnet zone at the Palo Verde the alteration products ave
garnet, clay garnet, hemat’ite,‘chlorite9 and pyroxenes such as diopside and

A
wollastonite. The clay-garnet is dEHeEEEREEY undDubtg}y the product of some

brecciation and hydrothermal alteration of the garnet_and epidote vrocks. It
consists of small rounded and sub angular fragments of garnet and epidote in
an argillaceous matrix with chalcopprite and bornite appearing as small blebs
throughout. The unaltered garnet rock is reddish brown to dark green in
color, dense and extremely hard. The chalcopyrite and bornite favor this

rock particularly in the lower limits where it approaches the calecium eilicate

zone where the predominant silicate minerals are diopside, wollastonite and



and tremolite.

)In the calc-silicate zone dark brown to black sphalerite predominates
with bornite and Fhaleopyrite intermixed to seme exﬁent. Whereever chalco-
pyrite is found ga the sphalerite it is usually as small blebs speckled
throughout. The sphalerite usually serves as a line of demarcation between
ore and waste. Small amounts of it?ég found in the ﬁarbleized limestone
isolated from the ore bodies by waste. The limestone grades from the calc-
silicate =zone into barren marble and bleached limestone then into orey white
undltered limestone where few unrecognizable fossils are Present. Graphite
is rare but does occur in the limestone in association with a fault zone.

Minor bleaching and alteration of the hgst rocks is found where the
late andesite dikes have intruddd . These andesite dikes ére unmineralized
beingfaéfinitely post mineralization, but whether they are pre or post

4 .
thrusting is problematical and do not serve in any useful geologic manner.



ORE DEPQSITS

The known ore deposits in the Palo Verde Mine area are classified as
Pyrometasomatic in type, occurring in the limestones and contact silicate
zones as replacements and in the povphyry, arkose and related clastic rocks
as disseminations. The mineralizas#ing solutions appear to have entered the
rocks from the south and west in proximity to the pofphyry.‘ This assumption
is based primarily on the zonal arrangement of the mineral assemblage. The
higher arige ore bodies formed in the tactite, below the quartzite, in

rolls

gentle/plunging downward to the north and northwest on dips ranging from 24

degrees to 42 degrees.

At the Palo Verde mine we have two types of ore bodies, the first and

b

most extensive being the lower grade disseminated type, and the secondﬂ?re
body of considerable higher grade being located in the tactite zone. Although
dirvectly related to the mineralization, the quartz monzonite porphyry contains
no appreciable amounts of copper sulfides., The bulk of the sulfide minerali-
zation in the porphyry is iron pyrite, with chalcopyrlte averaglnn less than
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A definite relationship exists between the intrusives and the ore bodies

in the intruded host rocks. Varying with dlstanee from the quartz monzonite
contact the degree of metamorphism and 1nten31$y of mineralization decreases,
Paragenetically the minerals appear to be related in the following manner:

Silicate minerals developed early in the alteration process with sulfide
minerals being deposited last and replacing silicate miﬁenisvin part,
Apparently some recrystallization of the silicate minerals has taken place
during the time of sulfide deposition.

Two g;.more é%%%gzuif mineralization are associated with the porphyry
intrusion and being pre "San Xavier" thrusting in age. The first stage

introduced the bulk of the ore minerals whereas the second or later stages



formed the small veinlets of quartz, pyrite and molybdenite,

Mineralization has been intense in the more favorable tactite zone where
the higher grade of ove is associated with the ivon rich reddish-brown
garnet rock. The paragenetic seguence and spatial relationship outward' %\
from the intrusive gquartz monzonite porphyry consists of pyrite, molybdenite, ’
chalepyrite, bornite and sphaler}te. Magnetite is conspicucus by its iﬁj
absence in this immediate area, but is abundant however on the south flank
of the gquartz monzonite porphyry sill in the Daisy Mine. A small {6 inch)
vein of Apgentiferous tetrahedrite and quartz## cutting the porphyry was

discovered in the shaft at the 350 foot level.

OXIDATION AND ENRICHMENT

The zone of oxidation and secondary envichment in the Palo Verde area
averages 30 feet in thickness with a maximum thickness of 70 feet. Tﬁa
deepest supergene sulfides bottomed at 283 feet below the ground surface.
The lack of an appreciable blanket of enriched chaleocite indicates that
Aleaehing and migration of copper from the oxide zone was absent. Samll
amounts of copper oxides were encountered in the caliche capping immediately
above the orebody indicating a slight upward migration of the coyper.‘

The princiéal mineralsuresulting from the oxidation and enyichment ave
chrysacolla, chalcocite and various iron oxides. Malachite and azurite
have been noted only on rare 6ceasions in this zone. In the lower portion
of the oxidized zone black copper oxides are not too infrequently found
immediately above the chalcocite coated pyrites of ## iron and copper. A
__relatively sharp line of demarcation is formed by the chalcocite with the
undérlying hypogene sulfides. |

Oxidation has cbliterated the original texture‘and characteristics of
the rock types found in the upper portiocns of the oxide zone. The lack of

oxides at depth in any of the intensely fractured rocks indicates that the
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P. 80
supply of oxygen was cut offvat a very definite and uniform limit. This
is suggestive of the permanent ground water level at the time prior to the

formation of the caliche eongl@merate cappingd
CONCLUSION

Pending underground development and confirmation of the geologic
ﬁ( : N

picture as represented here by drill cores, it appears that the following

conclusions and predictions can be made.

1. Chemical favorability rather than structure was the controlling
factor in the 1ocalliza{ian of the ore bodies.

2. The higher grade orve bodies can be located by the use of wall rock
alteration and the zonal arrangement of the ore minerals

3. The bottom of the ore bodies will be fbund once the sphaierifé

Zone 1s reaehed,

4, ,\Ore bodles—of higher grade but at greater depths will be found to
the west of the Palo Verde Shaft.- B
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