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Ficure 1.—Generalized geologic map of the Ivanhoe altered area, Santa Rita Mountains, Ariz. Index map shows follov'%ﬁ(
locations: 1, Wrightson mining district; 2, Tyndall mining district; 3, Mansficld Canyon; 4, Flux Canyon; 5, Washingtes
Camp; 4-5, Patagonia Mountains area.
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vidually. Final sampling was concentrated on the
most altered rocks to get a general idea of the distri-
bution of selected metals. Each of these samples con-
sisted of three to six chips of the most altered rock
types, such as may appear along fractures, and were
collected within about 100 feet of each other. Com-
posites of these chip samples, as well as of the individ-
ual alluvial samples and initial chip samples (about
110 in all) were analyzed for copper, lead, and zinc
by the wet chemical methods described by Ward and
others (1963) and by semiquantitative spectrographic
methods. Gold was analysed for only in the altered
rock samples, using atomic absorption methods. The
chemical analyses were made by T. F. Harms, K. W.
Leong, Elizabeth Martinez, J. B. McHugh, C. S. E.
Papp, and Eric Welch, and the spectrographic analy-
ses by Jerry Motooka, Elwin Mosier, and D. M.
Valiere.

Background values for unaltered granitic rocks of
the Santa Rita Mountains are about 15, 25, 25 parts
per million, respectively, for copper, lead, and zinc.
These values were obtained from many rock analyses
and selected alluvial analyses (table 2). They are
roughly valid for a total of 46 rock analyses, but cer-
tain dioritic rocks, for example, may have slightly
higher background values for copper. Thus an esti-
mated average background value for copper is about
15 ppm. However, to be on the safe side, in figure 2
a copper background value of 20 ppm is used. An addi-
tional 10 samples of alluvium taken from granitic
basins also show about the same background values for
copper and lead, and they provide the only detailed
values for zinc.

TABLE 2.—Source of dala for background values of copper, lead,
and zinc in samples from the Santa Rita Mountains, Ariz.

Medlan content of
Number,| metal (ppm)

Rock type (unmineralized)

of
samples
Cu Pb Zn!

Semiquantitative spectrographic method

All plutonicrocks. ... .. _.___._... 46 30 15 | <200
Graniticrocks. ..o ... ... 33 | ~12 15 | <200
Jurassic granite.__ - _____________ 5 7| ~25 | <200
Wet method

Jurassic granite. ... _______._.___ 4 10| =25 25
Alluvium from granitic basins_ _ _. 10 15 | <25 25
Estimated background values of

Ivanhoe altered area.._ ... _____|_..__. 15 25 25

t Threshold of detection by semiquantitative spectrographic method is 200 ppm.
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Altered rocks
Showing location of samples (a) and
line of chip samples (b)

CONTENT OF COPPER.LEAD.AND ZINC.IN
PARTS PER MILLION, AND IN RELATION
TO BACKGROUND

Y

Lead and zine, 50-150 ppm
Copper, 40-150 ppm
2-6X background

N

NN
150-400 ppm
6-16 X background

400-2,000 ppm
20-100 X background

More than 2,000 ppm
>100 X background

Maximum values of copper, lead, and zinc in rocks

obtained from the Ivanhoe altered area are 500,

15,000, and 1,200 ppm, respectively. The distribution

§ of copper, lead, and zine in the Ivanhoe altered area
b is shown in figures 24-C. The values are contoured
in terms of the background; that is, the field between
§ the X 2 and X 6 contours, or isopleths, contain only
b samples having values of a particular metal of 2 to 6
§ times its background value. In general, data obtained

by the wet method are in close agreement with that
obtained by semiquantitative spectrographic methods.
However, the contours have been constructed to show
the highest values where the two methods were not

~in full agreement.

The base-metal anomalies are crudely annular, the

. highest values being located near the margin of the

altered area. Reasons for this distribution, such as
an increase in alteration or fracture density near the

' Margin of the anomalous areas, were not observed in

the field. Possibly there has been an outward move-

. ment of these metals from the center of the altered
. area, and zinc and lead retained their mobility after
¥ Some copper had become fixed.

In addition to the anomalously high values of three
base metals, some, samples contain silver (as much as
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- 50 ppm), gold (as much as 0.9 ppm), and molybdenum

(as much as 150 ppm). The concentration and distri-
bution of these elements are shown in figure 2D. A
single sample (No. 945) also contains both antimony
(300 ppm) and beryllium (30 ppm), and two other
samples (Nos. 956 and 981) each contain 150-200 ppm
of bismuth. Again, most of the samples with high
concentrations of these metals are near the margin of
the altered area, especially along the northern and east-

ern sides. ¥Thefghighestggold jcontent g was, actually ..

obtained from locally altered rock adjacent to quartz-
filled fractures outside the intcnsely altered area.

Semiquantitative spectrographic analyses for 20
elements are summarized in figure 3. The ranges,
shown by the bars, and the median values, shown by
the symbols on the bars, are given for four groups of
samples, of which two groups are of unaltered rocks
to provide background data. Among the values for
the unaltered rocks, the abundances of the trace ele-
ments are given separately for the 5 samples of Juras-
sic granite, and to augment the relatively few samples
of that granite, abundances for 33 samples of all gran-
itic rocks in the area are also given. These include the
Jurassic granite, as well as several bodies of quartz
monzonite and of granodiorite and one of monzonite.
Thus, in addition to minor compositional variation,
the group of 33 samples also represents rocks exposed
at different levels in each pluton. Comparison of the
first two bars (median values) for each element shows
that the elements Ag, B, Ga, La, Mo, Ni, Pb, V, Y, and
Zn are about equally abundant in the Jurassic granite
and in all granitic rocks of the area. Ba, Co, Cr, Cu,
Mn, Se, Sr, Ti, and Zr are less abundant in the Juras-
sic granite, and only Be is more abundant in this
granite than in the other rocks.

Additional analyses of tellurium on about half of
the specimens show a distribution roughly comparable
to that of lead or zinc, and show concentrations to 6.3
ppm which is several orders of magnitude more than
could be expected in granite.

An increase of the mean values of Ag, B, Cu, Mo,
Pb, Sc, Ti, V, and Zr in the altered rocks, compared
with the unaltered ones, suggests that these elements
were concentrated or added during the alteration.
Likewise, the altered rocks were impoverished in La,
Be, and Mn. The Ba, Ga, and Y content of the altered
rocks and unaltered rocks is about the same. Poor
sensitivity of the analytical technique for the other
clements does not permit any significant comparison to
be made for them.

The higher content of Ba, Cu, Mn, Pb, and Zn in
alluvium derived from the altered rocks than in the
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Figure 8. Distribution of mineral deposits
containing abundant Mn in the Patagonia Moun-
tains. Solid circles where Mn is abundant,
open circles where Mn is scarce.

tude from 13 to 0.001, as shown on Figure 9. The
metal ratio contours generally follow the shape of

the granodiorite with an eastward bend toward Red
Mountain, although this pattern is somewhat distorted
between the north end of the granodiorite pluton and
the Hardshell mine. The eastward bulge in the 0.01
Cu/Ag contour in the Hardshell area coincides with a
well-developed N45°W striking fissure system which,
because of greater permeability, may have carried
equivalent hydrothermal environments farther from the
zoning center at the Sunnyside mine than was possible
in less fractured rocks. The inference is that hydro-
thermal fluid flow in the Sunnyside-Hardshell area was
generally easterly or southeasterly as was previously
indicated by data from individual metal zones. Similar
arguments regarding the flow direction of hydrothermal
fluids were advanced by Goodell and Petersen (1974) to
explain metal ratio patterns at Julcani, Peru.

Figure 10 plots Cu/Ag against distance from the
center of the granodiorite pluton and illustrates the
relatively uniform decrease in values away from the
granodiorite. This uniform metal ratio gradient

Figure 9. Cu/Ag in mineral deposits in
the Patagonia Mountains expressed as %
Cu/oz. Ag. Solid circles where data are
available, open circles mean no data.

suggests that the granodiorite contact has no effect
on metal ratios in that there is no offset of data
where the points cross the contact. In addition,
Figure 10 indicates that rock type has no significant
effect on Cu/Ag when viewed on a district scale.
Cu/Ag in limestone replacement deposits falls along
the trend defined by other mineral deposits which
occur in a variety of non-carbonate rocks. It is
well known that rock type, particularly carbonate
rocks, may strongly influence the amount of metal
deposited and that metal ratios in individual mineral
deposits may vary significantly; however, the varia-
tion in Cu/Ag exceeds by orders of magnitude any
differences attributable to variations in rock chem-
Istry. Cu/Ag also appears to be largely independent
of pressure, as qualitatively interpreted from depth
of burial, because deposits from the north end range
fall along the same trend in Figure 10 as deposits
from the south end of the range. Pressure may influ-
ence north-south mineral zoning, but has no visible
effect on Cu/Ag which appears to vary in an east-west
rather than a north-south direction. The only
remaining factor which may have varied significantly










Pb/Zn ., .
Figure 15, Tu/Ag in mineral deposits in
the Patagonia Mountains. Solid circles where
data are available, open circles mean no data.

minerals always occur with specific alteration assem-
blages, it is logical to assume that the processes
which cause alteration zoning also cause or catalyze
reactions which cause metal deposition.

Contours of metal ratios on a district scale are
parallel to the long axis of the granodiorite pluton.
The contours extend without offset through a highly
variable suite of lithologies which indicate that
the influence of rock chemistry on the relative
amounts of Cu, Pb, Zn, and Ag deposited was generally
minor compared to variations on a district scale.
This observation receives support from work by Lehman
(1980) who found .that variations between high and low
values of Cu/Ag, Pb/Zn, Pb/Ag, and Cu/Pb never ex-
ceeded a factor of 4 for different host rock litholo-
gies or alteration assemblages. In addition, varia-
tions between high and low values of metal ratijos
for different orebodies at the Flux mine did not
exceed 2 and for different ore types at the Hardshell
mine did not exceed 17. These numbers are in sharp
contrast with district variations between high and
low values in the Patagonia Mountains which are for
Cu/Ag-13,000, Pb/Zn-600, Pb/Ag-120, and Cu/Pb-12,000.
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In addition, many of the mineral deposits in the
Patagonia Mountains are veins in which there has been
only limited reaction between the fluid and adjacent
rocks due to a lining of the vein walls by early-
formed hydrothermal minerals.

It is possible, but equally unlikely, that dif-
ferent metal ratios formed from fluids of different
composition. There are several reservoirs for sub-
stantial volumes of compositionally different fluids
including the granodiorite pluton for magmatic water,
the rather diverse suite of sedimentary rocks for
connate water, and meteoric water. However, given thg
large area involved, the large number of rock types
present, and the apparent substantial variation in
depth of exposure, it is unlikely that fluids of such
different provenance would have been present uniformly
over such a large area as the metal ratio contour patg-
terns would suggest.

In addition, the absence of strong closures at
the north or south end of the Patagonia Mountains
suggests that depth of burjal also had little effect
on metal ratio zoning. Some closures are present, buy,
they are weak and often occur at both ends of the
granodiorite pluton. Closures would be anticipated ay
the north end of the range for As and Sb if analytical
data were available and would indicate a vertical
zoning with As and Sb being relatively more abundant
at the north end of the range where the rocks are legy
deeply eroded. Vertical metal zoning is well devel-
oped in individual hydrothermal systems in the Pata-
gonia Mountains (see, for instance, Corn, 1975), but
the scale of such zoning even in a porphyry copper
system the size of Red Mountain (3000-5000 ft. to
encompass fully the mineralogical changes) is insig-
nificant when viewed on a scale of the entire Pata-
gonia Mountains. .

I conclude that deposition of Cu, Pb, Zn, and Ag
and formation of metal ratio contours on a district
scale in the Patagonia Mountains would seem to be most
strongly influenced by variations in temperature and
it is likely that the metal ratio contours are paralla|
to isotherms which existed when the bulk of the metaly
was being deposited. Irregularities in the contour
patterns probably reflect non-representative samples,
vertical zoning in individual hydrothermal systems,
and areas of strong permeability contrast which would
have led to varying hydrothermal fluid flow rates and
resulting differing convective heat transfer rates.
There is no doubt that some reactions occurred betweep
the hydrothermal fluid and ‘the wall rocks and it is
likely that some mixing of compositionally different
fluids took place. It is clear that these processes
can cause metal deposition, but the geological rela-
tionships suggest that these processes did not influs
ence the district-wide distribution of metal ratios
In a significant way. Cooling of a hydrothermal fluig
also has a strong influence on metal solubilities and
is the one phenomenon of the three mentioned which
might be expected to operate most unjformly over the
largest area. Barnes (1979) stated that solubilities
of Fe and Cu in chloride complexes vary from adequate
at 350°C to insufficient at 250°C to deposit ore grade
concentrations in porphyry copper systems, given geo-
logically reasonable volumes of hydrothermal fluid
and, noting the frequency with which fluid inclusion
homogenization temperatures occur in the interval
350-250°C for metal-bearing assemblages, emphasized
the importance of cooling as a prominent control of 3
ore deposition. Data discussed earlier by Hemley et i
al (1967) for Pb and Zn are also compatible with the
importance of cooling as a primary cause of ore depo-
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NICOR MINERAL VENTURES
Prospect and Submittal Report

Date: October 26, 1984

Property Name: Ivanhoe Altered Area Township: 21,22S

County, State: __>anta Cruz, Arizona Range: R15E

Date Examined: 10/25 y: G.A. Parkison Section: 34, 1, 2

Reply and Date: Quadrangle Name: Mt. Wrightson 15'
AMS Sheet: Nogales

Summary, Conclusions, Actions Recommended __Contrary to USGS work area does not appear to have Au-Ag
associated with the altered granitic rocks. No further work.

Location and Accessibility _About 3 miles NW of Patagonia. Follow F.S. road 144 towards
Ivanhoe Mine. Other F.S. road goes past house to well, dam.

Owners and Intermediaries, Address, Phone, Zip __01d _claim by Urania (1977) and Kerr-McGee (1972)
Property probably open at present.

Property Description, Status _1vanhoe mine is past Au-Ag producer, consists of ~6 patented claims.
Long inactive. Presently inaccessible to vehicle.

Terms

- Previous Explofation and Production __Unknown, but probably small production, workings of shaft
and 250' deep, drifts total maybe 2000'.

General Geology _Area of Squaw Gulch granite generally overlain by E-dipping tertiary
volcaniclastics. Cut by prominent NNW trending faults.

Geology of Prospect* APProx. 1 sq. mi. area of alteration within Squaw Gulch granite is
supposedly anomalous in Au, Pb, Zn, Mo with peripheral Au, Ag. Alteration cut by |
younger E-W trending qtz veins. Preference for manzanita trees on most altered ground.

Mineralization* (Pgimary and Se °"f ry) __Alteration ranges from none thru fairly narrow propylitic
zone to arg1?q3c and ﬂﬁy f9¢.~Most common s phyTTic or qtz - Sericite. Center part of

area is tensely fractured with abund FeOx along fractures. Much FeOx after pyrite.
Qtz veins generally 1" or so, few veins to ~2' thick, vertical. Kerr-McGee drilled one
hole by tank.

Geochem Results _See sheet.__Nothing remarkable.

Exploration Recommended _No_ne_,u_n]gss— 1 Q'o,king, for porphyry copper.

Attachments

References USGS B. 582, USGS B. 1356; Map I-614; USGS pp 575-0, p. 176-182

* Attach geologic map, sketch or otherwise, including examiner’s observations with emphasis on mineralization and alteration and their relationships to other
geological features. Other desirable attachments: Location map, property map, sample results, etc.




SKYLINE LABS, INC.

1775 W. Sahuaro Dr. ¢ P.O. Box 50106
Tucson, Arizona 85703

(602) 622-4836

REPORT OF ANALYSIS

JOB NO. UGH 033

November 7, 1984

NICOR MINERAL VENTURES »

2341 So. Friebus, Suite 12
Tucson, Arizona 85713

Analysis of 8 Rock Samples
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Charles E. Thompson
Arizona Registered Assayer No. 9427

Au Ag Cu
SAMPLE NO. (ppm) (ppm) (ppm)
A 398 .02 7.2 1150,
A 379 (.02 49,0 265,
A 400 (.02 1.8 23,
A 401 (.02 - 45,
A 402 (.02 . b 40,
A 403 09 1.4 25,
A 404 {.02 (.2 20,
A 405 .02 {.2 10,

William L. Lehmbeck
Arizona Registered Assayer No. 9425

220, - rhyo.dike
990, — 9tv v franhot
45, - gltral vty
75, - alttd rv
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5, -oalfurud vy
35, ~oh veins
35, - altbreg  (niyY

James A. Martin
Arizona Registered Assayer No. 11122
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