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( \ The anomalies were examined as an overlay on the Arizona state geo-
logic map, which also shows topography and drainage. All morning flight

lines flown under calm wind conditions were marked on the overlay. Wherever

I
1
” these flight lines crossed topographically level or low areas, inversion
_l effects were suspected. Figure V-2 shows as shaded. the areas in the anom—
‘alies that are least suspect of inversion effects and may be considered the
] most valid indications of surface uranium radioactivity. It must be empha-
sized; however, that this kind of approach can be used only to cast suspicion
‘ on some anomaly(s) and remove it from others. Even the suspect ones could

turn cut to be completely valid on further examination.

In summary, the following anomalies or portions of anomalies are con-

sidered least suspect of inversion effects:

#1 eastern half
#2 western “"knob"

#3 eastern "bulge"

- (’} 7 ) 4 western portion
J — #6 southern portion
3 #7 eastern and western ends
J | #11  all
| ‘ A #12 all
] 3 #13  all
" #4  all
- : #15 eastern and western ends
#16 all
. B . #17 northern portion
| #18 all
#19 all

5. Relationship to Regional ERTS (Landsat) Lineaments

Geomorphic lineaments derived from imagery obtained by the Earth
Resources Technology Satellite (ERTS-1; now termed Landsat-1) are used in this

analysis as indication of regional structure. Saunders, Thomas et al. (1973)
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Figure V-2. Anomalies Least Suspect of Being Due to Inversion Effects
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observed that uranium mining districts in the Colorado Plateau appeared to be

"Joosely associated" with (i.e., scattered along) regional lineaments which

are apparent on ERTS-1 imagery as linear arrangements of topographic features

such as linear stream segments or tonal contrasts. These are most easily seen

on 1:1,000,000 scale imagery, and on the basis of much recent study, are inter-

preted to represent major planes of weakness in the earth's crust. It is be-

lieved that many of these "geosutures" or shear zones have been present since

the Precambrian and were active at various times throughout the earth's history, .

exerting influences on sedimentation processes as well as folding, faulting
and the emplécement of intrusives and associated lode mineralization (Saunders,
Thomas et al., 1973; Saunders, 1974; Freden, 1974).

The general association of Laramide lode mineralization (including
uranium veins) in the western U.S. with northeast trending vein systems and.
shear zones'has been pointed out by several authors (Saunders, Thomas et al.,
1973; Landwehr, 1967, 1968; Stokes, 1968; and Tweto.and Sims, 1963). Many
mineral deposits (again including uranium veins) have been observed to occur
along the well—known Texas and Lewis and Clark lineaments (Wertz, 1970; Hobbs
and Fryklund, 1968), both of which s;rike generally west-northwest. Even
though the exact mechanisms of possible lineament control on mineral deposi-
tion are not yet understood, it may be reasonable to use the observed em—

pirical relationships as one of the guides in future prospecting operations.

‘The regional lineaments shown in Figure V-3 were prepared from ERTS

. mosaics obtained from the USDA Soil Conservation Service, Hyattsville, Maryland,

using the techniques developed by Saunders, Thomas et al. (1973) and Saunders
(1974). Relatively strong reliance was placed on major drainage features when

annotating these lineaments on the satellite imagery. Linear arrangements of

. tonal features supplemented the drainage in defining these features.

Figure V-3 shows the known uranium mines and occurrences, the anom—

alies, and the ERTS-derived lineaments.

Inspection of Figure V-3 shows that many of the known uranium local-
ities lie scattered along the lineaments or in bunches near their intersections.

Note particularly the Ocotillo, Papago, Canelo Hills, and Helvetia lineaments.
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The uranium anomalies thought to be least suspect of inversion effects

(shaded) appear to occur frequently on or adjaéent to the regional lineaments.

The consistency of this relationship is believed to be beyond mere
coincidence, and suggests lineament control of the pranium miheralized areas.
This is reasonable because regional ERTS lineaments are usually found to re-
present zones of high angle faulting and jointing which could proviﬂe vertical
paths for migrating mineralizers, regardless of whether the source of the
mineralizers was in overlying volcanic tuffs or magmatic fluids at depth. Op-
timﬁm vertical permeability would be expecﬁed to be developed at lineament
intersections, and this could explain the apparent rough correlations of known
uranium occurrendes and some of the uranium gamma-ray anomalies with linea-

ment intersections.

In any case, the observed relationships may be useful in helping to
guide exploration efforts on an empirical basis, while awaiting results of the

needed studies of the mechanisms behind them.

6. Smoothed Uranium Data

Figure V-4 was prepared by contouring the ratios of the number of
statisfically high uranium values to the number of statistically low values
in each lS—minute'quadrangle. These smoothed data tend to emphasize broad
areas where the high values (positive significance factors) predominate. No
weighting was given to values on the basis of their degree of significance,
i.e., all values were treated as significance factors of plus or minus one.

Figure V-4 also shows the uranium anomalies and, as would be expected, the

~smoothed data centers on the anomaly groups. From this generalized viewpoint,

the survey area is indicated to have five uraniferous provinces; two along
the eastern side and three in the southwest portion of the map area. The
southernmost of the eastern pair is centered on the Chiricahua Mountains,
and the northernmost one is centered in the San Simon Valley. Those in the
southwestern corner cover portions of the Pajarito Mountains, Tumacacori
Mountains, Santa Cruz Valley, Santa Rita Mountains, Sierrita Mountains, and

Altar Valley.
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C. USE OF THORIUM TO POTASSIUM RATIO (Th/K) MAPS IN COPPER PROSPECTING

1. General

Davis and Guilbert (1973) and Moxham et al. (1965) presented surface
gamma spectrometer data over porphyry copper deposits, showing enriched potas-
sium in the alteration zones but relatively constant thorium values and ir-

regular uranium distributions. Moxham et al. (1965) suggested that: "The

" K/Th ratio could be a valuable means of distingﬁishing between intrinsically

" high potassium intrusives and extrinsically potassium-rich alteration zones."

The Arizona survey includes some twelve porphyry copper deposits,
and one of the standard products is the Th/K ratio data. A brief study was
done to investigate the possible relationships between low Th/K areas (i.e.,
high K/Th areas) and the porphyry deposits to see if the data might be useful

in reconnaissance for new potential porphyry copper mines.

2. Relationship to Copper Deposits

Figure V-5 shows the anomalously low Th/K areas outlined and shaded
where they lie over rocks other than alluvium and related materials. Also
shown are the copper mining districts adapted from Kinkle and Peterson (1962)
and Velasco (1966).

Examination of the figure shows that 6 out of 12 of the porphyry

copper deposits (solid circles) within the survey area are associated with

~ anomalously low Th/K areas, as are 5 out of 14 of the other copper districts.

This preliminary examination of the data suggests that the gamma-ray data may

. be useful as one of the parameters employed in reconnaissance for poténtial

new copper resources, particularly the disseminated variety.

3. Relationship of Porphyry Copper Deposits to ERTS-Derived Lineaments
and Low Th/K Areas
Figure V-6 shows the data in Figure V-5 plus the regional ERTS-
derived lineaments. All the porphyry copper deposits both in the survey area:

and several others nearby are located on or adjacent to the lineaments and
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(:> many of them are on or near intersections 6f NE- and NW-trending lineaments.
This is typical of findings elsewhere: Saunders (1974) observed similar rela-
tionships for the Bingham, Ely and Bagdad deposits, and Brewer et al. (1974)
reported "...prophyry copper deposits associated with NE- and NW-trending
(lineaments) fault systems.'" Saunders, Thomas et al. (1974) pointed out the
apparent relationship of the Cananea, Bisbee, Lordsburg, Tyrone, and Santa
Rita deposits with the NE-trending Lordsburg lineament (see Figure V-6) ﬁhich
is similar in trend to mapped local structural trends in all of these deposits

' except for Cananea. The lineament and copper deposit map in Figure V-6 was
extended slightly beyond the boundaries of the AGR survey area to include these
deposits and to show a more regional view of the Texas lineament system. Ex-
amination of the figure shows the Texas lineament to be a major break between
the lineament systems to ifs north and to its‘scuthy with an apparent left
lateral displacement of about 50 miles based on correlétion of lineament pat-
terns on either side. The Texas iineament is traceabie on ERTS imagery to the.
Santa Barbara coast in California (Saunders, 1974) where,tﬁe coastline shows

.- an apparent offset of similar sense and approximate amount. Wertz (1970) ob-

| <‘:> served that many mineral deposits occur along or adjacent to this major struc-

tural zone, which had been defined rather loosely on the basis of eﬁidence
available prior to the ERTS-1 studies. Now, on the basis of all available
evidence, it is believed that the probability of finding new porphyry copper
deposits is much higher along or adjacent to the regional lineaments and their
intersections, especially in the case of known mineralized lineaments with
trends similar to the mapped local structures along them. The probability '
should be greater still when searching in statistiéally significant low Th/K

areas indicating possible zones of alteration to be present.

The correlation between ERTS-derived lineaments and aeromagnetic

data is discussed in Section VI.D.

)

V-18 services group




2

R—
N

C'

SECTION VI
MAGNETOMETER DATA INTERPRETATION

1 3
i

. A. GENERAL

~£ The magnetic field of the earth approximates that of a dipole with
ol its axis along the line joining the north and south magnetic poles. This
1;__”) ’ primary field, acting on magnetic minerals in the earth's crust, induces a

secondary field which reflects the distribution ‘of these minerals. Therefore,
an understanding of the effects of changes in the intensity and direction of

the primary field are important in the interpretation of magnetic anomalies.

ng The unit of intensity of the earth's magnetic field is the gamma
. (1 gamma = 10“5 gauss, equal to the force of 1 dyne exerted on a unit mag-
I netic pole in a field of 1 gauss). The primary field varies from about 75,000

gammas in a vertical direction at the magnetic poles to about 30,000 gammas

g in a horizontal direction at the magnetic equator.

"¢5\>’ The study of magnetic anomalies and the rocks which cause them shows
-j‘ that the anomalies are due chiefly to the presence of tﬂe mineral magnetite

. which occurs as an accessory mineral in igneous and metamorphic rocks. In

,g general, the greater the amplitude of a magnetic anomaly, the higher the

. magnetite content of the rock causing the anomaly. It is also likely to have
,$ | ~a relatively basic composition. Sedimentary rocks are essentiélly nonmagnetic

except for iron formatioms.

R — g

The interpretation of airborne magnetometer data usually consists of

the qualitative recognition of structural and petrologic units and the quan-

titative analysis of anomalies or groups of anomalies with regard to depth,

dimensions, and susceptibility. Major rock units can be differentiated on

—

the basis of variations in the frequency, areal extent, shape, orientation,

local amplitude, and general intensity level of their correqunding magnetic

anomalies. Faults are displayed magnetically by disruptions in magnetic

4

pattern or by persistent gradients or pattern changes over long distances;

) plugs, dikes, and related igneous intrusions can be detected by the shape

»
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and intensity of their magnetic expression. Techniques have been developed
for the quantitative analysis of magnetic anomalies with regérd to the depth,
dimension, shape, and susceptibility contrast of their sources, but these
techniques are far more complex that the qualitative assessment of variations
in the magnetic pattern. The quantitative analysis of even relétively simple
geometric forms representing geologic bodies such as dikes involves complex

computations.

B. STRUCTURAL ANALYSIS

Two approaches have been used to qualitatively interpret the aero-

magnetic data over the surveyed area. First, the published contoured residual

aeromagnetic map of Arizona (Sauck and Sumner, 1970) was used to interpret-
major inferred faults as shown in Figure VI-1. Then the aeromagnetic profiles
from this survey were used to identify smaller scale faults, many of which

are expressed by anomalies as small as éO gammas. These are shown in Figure
VI-2 along with anomalies (shaded) interpreted from the profiles and, the major

inferred faults from Figure VI-1.

In general the azimuths of the smaller scale faults were obtained by
visual correlation of consecutive profiles. Where two or more distinct intexr-
pretations were equally feasible, information from the geologic map of Arizona
(Wilson et al., 1969) was used as selection criteria. The orientation of out-
crops and structures on the geologic map were used to infer the azimuth of

those faults which are recognizable only on a single aeromagnetic profile.

A total of 26 anomalies, ranging from tens of gammas to more than
250 gammas,'were recognized on the aeromagnetic profiles (Figure VI-2). Many
of these correlate with anomalies on Figure.VI~1 from Sauck and Suﬁner (1970),
but thefe are notable differences most probably due to different flight lines
and altitudes as well as the nature of the maps. Sauck and Sumner (1970) pre-
sents residual magnetic data whereas the data from this survey represents the
total magnetic field. In general the structural "grains" of the inferred

faults are quite similar for both sets of data.
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C. RELATIONSHIP TO URANIUM DEPOSITS

Figure VI-3 showé the known uranium deposits and the uranium gamma-ray

anomalies as well as the aeromagnetic interpretation.

Many of the vein deposits correlate quite well with either northwest
or northeast trending inferred faults, apparently without preference for
either particular orientation. The'éédimentgry or stratiform deposits do not
appear to be as closely related to the faults, except for S-51 and S-45
through S-50. o

The uranium anomalies which are least suspect of inversion effects
generally lie adjacent to or are intersécted‘by one or more major inferred

faults. Only #2, #3, #16, #19, and #20 appear to be exceptions.

D. RELATIONSHIP TO REGIONAL ERTS (LANDSAT)-DERIVED LINEAMENTS

Figure VI-4 shows the lineaments derived from satellite imagery
superimposed on the contoured magnetic map from Sauck and Sumner (1970). A
very good correlation is seen between the major features of the magnetic data

and the ERTS lineaments. The Texas lineament system consists of two parallel

‘lineaments in the survey area. The southernmost is the most persistent and

is traceable for hundreds of miles (see subsection V.B.5). The northern one
is more local in nature. The magnetic data show a series of anomalies bor-
dering the persistent element of the Texas lineament on the north, and the

other lineament is less distinctly seen in the magnetic pattern.

Figure VI-5 compares the ERTS-derived lineaments with the major
faults inferred from the magnetic data. Many of the ERTS lineaments corre-
late well with the inferred faults, particularly the Santa Catalina Mountains,

Huachuca, Gila—San Simon, Willcoerlayé; Canelo Hills, and Helvetia lineaments.

'The good correspondence between the magnetic data and the geo-
morphic ERTS data tends to support the conclusion that many of these linea-
ments and inferred faults represent fundamental basement weakness planes of

major structural significance.
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SECTION VII
CONCLUSIONS

A, GENERAL

Based on geology and the kind and extent of know uranium occurrences,
this survey area offers only minor promise of developing large important ura-
nium deposits. However, several uranium anomalies were delineated and judged
to be valid indications of potential uranium mineralization. Their strength,
when compared to the effects seen over the known uranium localities, suggests
that these anomalies may hold more promise than the known mineralized areas..
However, their real value can be proved only by follow-up detailed prospect-

ing and, hopefully, eventual minihg operations.

B. ANOMALY MAPS

Visual inspection may be used to select areas of positive uranium
significance factors which indicate relatively broad areas with relatively
more radiation from the uranium daughter product Bi-214., These areas may be
interpreted to outline regions with good prospecting potential if one accounts

for problems such as atmospheric inversion trapping of radon.

Tt is felt that the ERTS data show enough correlations with the
known prospects and anomalous areas to be useful as a Supplementary empirical

tool in guiding exploration.

It is believed that the aeromagnetic data is useful in roughly out-
lining the broad compositional and structural features of the basement complex.
These features may have had influence on the subsequent structure and strati-
graphy which has been of importance in the development of the potential ura-

niferous areas in Arizona.

The Th/K data suggest that anomalously low values of this ratio can
be used to indicate regions of alteration with high potassium and relatively

constant thorium that often accompany porphyry copper deposits. In this area
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six out of twelve porphyry copper mining districts show this kind of relation-

ship, and all of the copper mines fall on or adjacent to regional ERTS (Land-

sat)~derived lineaments and/or magnetically inferred faults. It is concluded

that combining the ERTS (Landsat) data with Th/K lows and magnetic data can

serve as a valuable first step in regional reconnaissance for potential por-

phyry copper deposits.

C. SUGGESTIONS FOR FURTHER WORK

Follow-up uranium prospeéting is sugéestéd for the following anomalies:

(see Figure V-3).

Al
#2
#3
#4
#6
#7
#11
#12
#13
#14
15
#16
#17
#18
#19

Anomaly
(eastern half)

(western "knob')

(eastern "bulge'")

(western portion)
(southern portioﬁ)
(eastern and western ends)
(all)

(all)

(all)

(all)

(eastern and western ends)
(211)

(northern‘portion)

(all)

(all)

Potential Type Deposits

vein and stratiform
vein and stratiform
vein and stratiform
stratiform .
vein

vein

stratiform

vein

vein and stratiform
vein

stratiform
stratifo;m

vein

vein

vein and stratiform

Specifically, the Gila Group (formation QTs) appears promising for

potential stratiform deposits, and the Precambrian granites (pégr) and silicic

volcanic areas (Tvs) look good for potential vein deposits. The data did

not indicate a potential uraniferous province associated with the Dripping

Spring Quartzite in the surveyed area.
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