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ABSTRACT

A detailed geophysical survey, using the variable- 
frequency induced polarization method, was conducted over 
a portion of the area south of the Sedimentary Hills, Pima 
County, Arizona.

The results indicate a northwest trending, mineralized, 
thrust zone located under the alluvium and parallel to the 
exposed, southwest dipping, thrust zone to the northeast.
The thrust zone is thought to be approximately 1200 feet 
wide and over 4000 feet long.

Geophysical data indicate the thrust zone contains 
1-3% sulfides by volume; this is in accord with information 
obtained from core drilling the anomaly.

viii



INTRODUCTION

Location and Size

The Sedimentary Hills area is located approximately 
seven miles west of the city of Tucson, Arizona, in the 
Amole Mining district. The area may be reached by traveling 
west from Tucson on the Ajo-Tucson highway to Kinney Road, 
northwest 6/10 mile to Bopp Rpad, and west again for 2 miles. 
The Sedimentary Hills are one mile north of that position 
on Bopp Road.

This report includes a detailed geophysical investi
gation of Section 28, T.14 S., R. 12 E., and a reconnaissance 
survey of Sections 27, 28, 29, 30, 31, 32, 33, 34, T. 14 Sf, 
R. 12 E., and Sections 3, 4, 5, 6, 7, 8, 9, 10, T. 15 S.,
R. 12 E. The entire area is located on the 15 minute San 
Xavier Mission Quadrangle, Pima County, Arizona (Plate I).

Scope of Study

A geophysical survey was undertaken in the spring of 
1962 in the Sedimentary Hills area as part of a mineral 

exploration program by Minex Company. The area is of 
geologic interest because of its proximity to a small 
granitic stock vhich had intruded northwest trending
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Cretaceous sediments, and because of extensive alteration 
and mineralization along a northwest trending thrust zone 
adjacent to the stock.

The data obtained from Minex's survey, while the 
author was in their employ, has been extended for use in a 
Master of Science thesis in geology %t the University of 
Arizona.

The problem is to correlate data obtained in a 
detailed geophysical survey with surface and subsurface 
geology. Data to be correlated include rock types, geologic 
structure, and sulfide mineralization. Results of this study 
may enable geologic interpretations to be extended into 
adjacent covered areas.

The geophysical method used in this study was the 
variable-frequency induced polarization type. This method 
has been found to be most effective in locating disseminated 
sulfide deposits.

A geophysical anomaly discovered during a reconnais
sance survey was subsequently explored in detail. The 
results are interpreted in the light of surface and sub
surface correlations with previous geophysical surveys.

The author accepts full responsibility for the 
interpretations made, since they may not necessarily agree 
with those made by Mipex Company.
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Geology

The only detailed report on the geology on the Sedi
mentary Hills area is a Master of Science thesis by Paul J. 
Bennett (1957) titled "The Geology and Mineralization of the 
Sedimentary Hills Area, Pima County, Arizona.* In addition 
to Bennett's thesis, there are general papers in which the 
area is discussed. These reports treat with the general 
geology of the Tucson Mountains area, Jenkins and Wilson 
(1920) "A Geologic Reconnaissance of the Tucson and Amole 
Mountains,*'and W. H. Brown (1939), "The Tucson Mountains, 
an Arizona Basin and Range Type."

The following brief description of the geology of 
the Sedimentary Hills was taken largely from Bennett's thesis 

(Bennett, 1957).
The Sedimentary Hills are composed of a small 

granitic stock that has intruded northwest trending Cretaceous 
' sediments. The rocks exhibit a zone of alteration and mineral 

ization along a northwest trending thurst zone adjacent to the 
stock.

Sedimentary Rocks
The Cretaceous rocks have been mapped by Brown (1939) 

as the Amole Arkose which consist of mildly metamorphosed 
siltstones, arkoses, and limey shales. The major rock types 
are siltstones and argillites, with interbedded arkoses, 
sandstones, and limestones. Due to the complex folding and
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faulting near the thrust zone, it has been difficult to 
measure the true thickness. Bennett (1957) estimated an 
approximate stratigraphic thickness of 2400 feet. Neither 
the upper nor the lower limits are exposed.

Igneous Rocks
There are three small stocks known in the area which 

might be considered the points of a 30-60 right triangle in 
geometric position (Plate I). They are the Park Hill stock 
located within the Sedimentary Hills, Saginaw Hill stock
at Saginaw Hill, and Snyder Hill ^tock^ 1 - add 1/2 miles NW of

% -Snyder Hill. The latter was located by drilling and encountered 

at a depth of 315 feet (Wallace, 1957, privately circulated report)
The Park Hill stock consists of two facies, a northern 

quartz monzonite and a granite porphyry to the south. The 
entire stock has a north-south length of 1000 feet and an 
east-west width of 600 feet.

There is a small quartz-pegmatite plug within the 
central portion of the quartz monzonite facies. This feature 
is probably a late differentiate concentration of the stock 
(Bennett, 1957). Lacy and Tit ley (1962) report similar 
occurrences of clusters of pegmatites in the granodiorite 
batholith associated with the ore deposits of the Twin Butte 
mining district.
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Structure
The major structural feature is a large northwest 

trending thrust zone adjacent to, and south of the Park 
Hill stock. This zone consists of a number of nearly 
parallel thrust, reverse, and normal faults (Plate III, 
structure after Bennett, 1957)y There are two major thrust 
faults which dip from 15 to 35 degrees southwest and trend 
nearly parallel to each other in a northwest direction. 
Adjacent thurst and reverse faults have dips up to 87 
degrees.

The normal faults present are small, and are parallel 
or perpendicular to the thrust faults. They exhibit steep 
to vertical dips.

Thrusting has produced local drag folding and 
reversals in dips; thus, making it difficult to find any 
one attitude of the sediments common to all. However, the 
measured dips of the beds on the southwest slopes of the hills 
average 45 to 50 degrees southwest. These figures are com
patible with those obtained from electric logging of drill 
holes in the area in which the regional attitude of a marker 
horizon was determined to be N. 54® W., 43® SW (Wallace, 1957, 
privately circulated report).

Mineralizations and Alteration
The surface alteration and mineralization closely 

correlates with the thrust zone. Sulfide mineralization
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occurs in the Amole Arkose and in the granite porphyry.
Bennett (1957) suggested an earlier stage of mineralization, 
in the stock, of a late magmatic type, and not related to 
the bulk of mineralization. The stock contains dissemina
tions of pyrite and chalcopyrite.

The late stage of mineralization was in three phases 
and they are (Bennett, 1957):

1) pyrrhotite and pyrite
2) pyrite and chalcopyrite
3) lead and silver
Sampling of the rock types in the area from surface 

talus (Barber, 1963, personal communication) and well cores 
(Wallace, 1957, privately circulated report) indicate values in 
Ni, Au, Ag, Cu, Mo, and Pb which are associated with silicifica- 
tion, sericitization, and kaolinization in the country rock.

All the mineralization, except that in the granite 
porphyry, came up-dip from the southwest (since the thrusting 
was pre-mineralization) and was diffused through the thrust 
zone. It was over the alluvial covered area, southwest from 
the surface mineralization and thrust zone, that a geophysical 
anomaly was picked up and later detailed.



PREVIOUS GEOPHYSICAL SURVEYS

Kern County Land Company and Southwest Ventures,
Inc., initiated a joint program to explore for mineral 
deposits in the Sedimentary Hills area in October, 1956 
(Wallace, 1957, privately circulated report). Geophysical 
methods were used to outline mineralized areas, locate 
drilling targets, and obtain other subsurface geologic 
information. The following geophysical methods were used 
in this order: aeromagnetic, ground magnetic, ground electro
magnetic, and electric drill hole logging.

The ground magnetic method was used to define details 
within part of the aeromagnetic anomaly discovered above the 
band of altered and mineralized sediments, and the thrust 
zone. The detailed survey revealed a series of small salient 
anomalies, some approaching 5000 gammas in magnitude, and 
extending over a zone approximately 600 feet wide and 2000 
feet long (Wallace, 1957, privately circulated report).

An electromagnetic survey was subsequently employed 
which detected numerous zones of high conductivity in the 
sedimentary rocks within the thrust zone (Wallace, 1957, 
privately circulated report). A large, low intensity 
electromagnetic anomaly was also outlined 1500 feet to the 
south. This anomaly is situated under the alluvial cover 
and corresponds to the one picked by Minex Company's

7
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reconnaissance survey and studied in detail in this 
thesis.

It has been indicated by core drilling that the 
magnetic and electromagnetic anomalies, which occur over 
the thrust zone and band of altered sediments, are the 
result of massive sulfide mineralization (Wallace, 1957, 
privately circulated report).

In 1959 a seismic survey was initiated just south 
of the Park Hill stock, under the direction of Dr. W. D. Pye 
and A. Rugg, to determine the depths of geologic discontinui
ties. The results were unsuccessful due to the intense 
silicification of the rocks.

In 1959 Bear Creek Mining Company completed induced 
polarization and electromagnetic surveys in the Sedimentary 
Hills area. From the results of these surveys, two drill 
holes were placed in the southern half of Section 28.
According to W, Wallace (Wallace, 1963, personal communica
tion), the driller reported veinlets of pyrite and chalcopyrite 
in the cores.

It has also been reported that American Smelting and 
Refining Company completed an induced polarization and a 
magnetic survey in the area in September, 1960.



THEORY OF INDUCED POLARIZATION 

Historical Summary

Early in 1946 Radio Frequency Laboratories of Boonton, 
N. J., drew the attention of Newmont Mining Corporation 
to the phenomenon whereby metal samples in a small water 
tank gave rise to a discharge of considerable duration 
and magnitude when a pulse or interval of direct current 
was applied. Brant recommended that a laboratory investi
gation be started. In 1947 truck-mounted field equipment 
was assembled by Radio Frequency Laboratories and tests 
were made at Eureka, Utah and Ely, Nevada. Further tests 
followed in 1948, at Sari Manuel, Arizona, using revised 
equipment. At this stage charging time was 30 sec and 
recording time was 3 sec as suggested, among others, by 
Gilbert of Radio Frequency Laboratories, who contributed 
greatly to the instrumentation at this point of the 
work.

In the fall of 1948 drill hole tests were run at San 
Manuel by Seigel who, at Brant’s instigation, followed 
up with a study to determine the phenomena involved. As 
a result of these tests, it was possible to demonstrate 
that disseminated sulfide mineralization, such as occurred} 
in the San Manuel deposit, could be detected even under 
considerable depth of cover. It was also recognized 
that a phenomenon, giving rise to effects similar to 
those of overvoltage, occurred in all normal barren 
rock types in the area. Criteria were established by 
means of which overvoltage effects due to sulfide 
mineralization could be differentiated from the newly 
found background effects.

From 1949 to 1951 active overvoltage exploration was 
carried out in the United Verde, Jerome, Arizona area.
Rock backgrounds in some cases were higher and more 
variable. A series of older rocks to the north under 
300 ft of limestone yielded moderately higher background 
and were misinterpreted as sulfides.

From 1952 to 1955, inclusive, overvoltage surveys, 
under Baldwin were conducted over many of the southern 
Peru copper showings. Notably the distribution and 
depth of the sulfide mineralization in the Cuajone area 
was approximately deduced, except predictions on sulfide

9
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percent by volume were nearer sulfide percent by weight. 
In some six broadly covered areas, only one non-sulfide 
anomaly resulted.

From 1949 to 1952 Seigel developed the first mathe
matical expressions indicating the overvoltage anomalies 
to be expected across mineralized bodies of geometric 
form charged by the application of a square wave d.c. 
pulse; also that the background responses of barren 
rock might be due to electrokinetic effects. In early 
1950 Seigel and Collett showed with rock sample tests 
that the apparent resistivity of a rock or sample con
taining scattered sulfides decreased markedly with 
increasing frequency.

From mid-1950 to 1952 Wait developed extensively 
the overvoltage responses to be expected using a.c. 
instead of pulsed d.c., and subsequent field tests at 
Jerome, Arizona using a.c. were run in 1950. Wait also 
developed a theory v*iich explained the dependence of 
both a.c. and pulsed d.c. on the size and form of the 
sulfide particles. (Brant, 1959).

Basic Principles

Induced polarization is the result produced when an 
electrical current is passed through a medium that is sus
ceptible, or which contains particles that are susceptible, 
to polarization effects. These particles will then become 
charged dipoles.

Professor T. R. Madden, of Massachusetts Institute 
of Technology, demonstrated at the 1958 Society of Exploration 
Geophysicists meeting that of the phenomena that give rise to 
polarization effects, only two are of an appreciable magnitude 
(Hallof, 1960).
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The first is a result of membrane diffusion causing 
different mobilities of the positive and negative ions 
associated with certain clay minerals. This is especially 
true of the montmorillonite clay group in tuffs and bentonite, 
in lava flows as saponite, and in some chlorite and sericite 
schists; the latter is probably due to montmorillonite or 
vermiculite in the schist (Brant, 1963, personal communica
tion) . When a current is induced into such medium for some 
length of time, polarization results.

The second, which can give rise to a larger polari
zation response, is utilized by the modern geophysical 
prospecting technique, referred to as induced polarization
(I.P.), or overvoltage. This phenomenon arises when a pulse
r ■ /of current is passed through a medium containing sulfide 
particles. These particles are then charged or polarized 
by the induced current as a result of the current changing 
from an ionic conductor, or electrolytic in the pores, to a 
metallic conductor at the interface of the sulfide particles 
(Jensen, 1960, privately circulated report). The sulfides 
are then analogous to capacitors or condensers in an electronic 
circuit, in that they both have the ability to store energy.

As the word overvoltage implies, it is the decay or 
discharging voltage from the charged sulfide particle that is 
measured when the energizing current is terminated. The 
ratio of the induced voltage to the decay voltage has a 
relationship to the amount of sulfides in the rock. This 
is because a volume of rock containing numerous such particles
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would be expected to act as an external point of a dipolar 
source whose moment is the combined effect of all the 
particles (Seigel, 1959).

Collett (1959) conducted laboratory experiments on 
metallic and nonmetallic minerals. He concluded that grain 
size, amount, moisture content, rock structure, pore volume, 
and temperature all have an influence on the overvoltage 
characteristics.

In Figure 1 we observe the response curves produced 
by a change in the percentage by volume of pyrite from about 
1 to 27%. As anticipated, the response increases relative 
to an increase in pyrite. We also see from Figure 1 that 
the time decay curve is not affected greatly by percent 
sulfides, in that all secondary voltage decreases to 37% 
of its original voltage amount between 0.1 and 0.2 seconds. 
This is for particles of about the same size. However, as 
the particle size is varied and the percentage by volume is 
kept constant, the decay rate increases as the particle size 
decreases (Figure 2). Also shown in Figure 2, given a decay 
time (t) there is a maximum response for a particular particle 
size.

Nearly all of the sulfide minerals respond to the 
overvoltage effect. The following are only a few representa
tive ones: galena, chalcopyrite, chalcocite, molybdenite,
marcasite, pyrite, arsenopyrite, etc. (Brant, 1963, personal
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communication). Sphalerite is one which will not react to 
any known method of electrical prospecting.

Minerals other than sulfides which react to an induced 
current are few. Some oxides of iron and magnanese and 
graphite have been reported to give a response, but others 
may tend to inhibit current flow, limonite coating on pyrite, 
for example (Brant, 1963, personal communication).

It has been found that all rocks are responsive to 
the overvoltage phenomenon, but at a much lower level than 
the sulfides. This is called the normal or background effect. 
After laboratory studies, it has been concluded by Mayper 
(1959) that the normal effect is due to electrochemical 
phenomena within and on the surface of clay particles and 
altered micas in the rocks.

Measurements of the response of rocks can be made in 
the frequency domain as well as in the time domain. It has 
been found that there is a change in the resistivity of barren 
as well as mineralized rock with a change in frequency. Exper
iments conducted by Keller and Licastro (1959) showed the 
changes in resistivity of dry and wet cores with a change in 
frequency. The change in resistivity was very small for wet

Q
cores with frequencies between 50 and 10 cps. It was con
siderably more for dry cores; however, the curve approached 
50 cps point asymptotically. It is concluded that the effect 
of frequency on non-mineralized rocks is negligible for 
frequencies within the I.P. range (0.5 to 10 cps).
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Since the laws of electromagnetic theory hold for 
materials whose dielectric constant and conductivity values 
are subject to frequency changes, an analogy can be made 
between barren and mineralized rock, and electrical circuits. 
Figures 3 and 4 are diagramatic illustrations of simple 
electrical circuits corresponding to a non-mineralized and 
a mineralized rock. The capacitors represent the sulfides 
and the resistors the rock itself. A barren rock would then 
be represented by resistors in series parallel and a rock 
with disseminated sulfides would be represented by resistors 
and capacitors in series parallel. However, for the purpose 
of simplicity, parallel circuits are used in Figures 3 and 4; 
the results being essentially the same.

Theoretically, if a d.c. current of 1 ampere is 
induced into the circuit in Figure 3, a voltage drop or 
potential of 0.5 volts will be developed between (ab) as 
defined by the following:

D. C. Current:
V = IRt V

I

R
+ Rg 

R1R2

= volts 
= current

. = total resistance

\diere:
= 1 ohm 

R£ " 1 ohm 
Rt = 1/2 ohm
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1 ohm

1 ohm

Figure 3• Diagramstic illustration of a 
parallel circuit which corresponds to a . 
barren rock; •

1 ohm

Figure 4. Diagramatic illustration of a 
parallel circuit which corresponds to a 
mineralized rock.
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then:
V = 1 amp x 0.5 ohm
V = 0.5 volts

If the current is switched from d.c. to some frequency 
of a.c. the potential difference will remain the same. Thus, 
by applying both d.c. and a.c. current to a non-mineralized 
rock the voltage between any two points will theoretically 
remain the same.

In Figure 4, one of the resistors has been replaced 
by a capacitor and now represents a mineralized rock. By 
the same procedure as before, the following results were 
obtained:

D.C. Current:
V = IRt

= 1 amp x 1 ohm
V = 1 volt

The potential difference between (ab) in Figure 4 for a 
d.c. current of 1 ampere through a 1 ohm resistor and a 
.03 farad capacitor is then 1 volt.

By changing to 25 cps a.c. current at 1 ampere we 
obtain the following results:

A. C. current: (25 cps)
V = 1%;.

Where Zt is the total impedance and Xc is the capacitive 
impedance.
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6

xc =  m e

2"x 3.14 x is cps x .o3£
Xc = .212 ohm

„ 1 ohm x .212 ohm
Zt = y,"/— - 1 .--j-yi ohmz + .212 ohm4-

Ẑ. = .211 ohm
V = 1 amp x .211 ohm
V = .211 volts

The change from 1 volt to .211 volt potential difference is 
a direct result of a decrease in the total impedence due to 
the change from d.c. to a.c. current.

By increasing the frequency by a factor of 2 and 
solving again we obtain a lower voltage of .105 volt. This 
shows a further drop in the voltage, with an increase in the 
frequency, by a factor of 2. Therefore, for this particular 
situation the voltage is inversely proportional to the : 
frequency. This is a simplified explanation for the theory 
but it is applicable as you can see from Figure 5, where 
field results show a definite relationship between frequency 
change and voltage drop.
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Response Measurements

Induced polarization measurements are either taken 
in the time or frequency domains. Both a.c. and d.c. currents 
are used depending on the type of measurements.

Newmont Exploration Limited and Hunting Geophysical 
Services, Inc., used the time domain system (Brant, 1963, 
personal communication). A d.c. current is applied to the 
ground by two electrodes for a period of 3 seconds, then 
terminated for 3 seconds, and reversed for 3 seconds. While 
the current is being applied, the primary voltage is measured 
across two potential electrodes giving a Vp value. During 
the current off period the secondary voltage decay is 
measured and averaged for the first second and integrated 
to give a Vs value. The response or induced polarization 
effect is then defined as the quantity:

M = (Brant, 1963, personal communication).

The second method of measurement in the frequency 
domain is used by Bear Creek Mining Company, McPhar Geophysics, 
Ltd., Phelps Dodge Corporation (Brant, 1963, personal communi
cation) and Minex Company. This system uses a.c. or square 
wave d.c. current and was developed at Massachusetts Institute 
of Technology under the supervision of Professor T. R. Madden. 
A d.c. current is applied first to give a Vp value; then an 
a.c. current between .5 and 10 cps is applied to give a 
potential Vp'. In most cases more than one frequency is 
used so a comparison may be made.
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Marshall and Madden (1959) proposed the following 
formula to give a resultant termed metal factor (MF).

MF = R'o - R'f 
R'o x R'f x 2ttx 105

where:
R'o = apparent d.c. resistivity
R'f = apparent a.c. resistivity 

According to N. F. Hess (1959), the relationship 
between Newmont * s chargeability factor (M) and the metal 
factor (MF) is:

M = 2.5 x pd‘C;j~ P— pS x 100 pa. c.

The metal factor formula is then equal to Newmont's 
chargeability factor (M) over the resistivity of the medium.

Marshall and Madden (1959) have related metal factor 
values to percent sulfide content for 10 cps. These values 
are shown in the table below.

COMMON METAL FACTOR VALUES (10 cps)

Rock Type and Mineralization Metal Factor

unmineralized granite 
unmineralized basic rock 
finely disseminated sulfides 
disseminated sulfides 
fracture filling sulfides 
massive sulfides

< 1  
1 -  10
10 -  100

100 -  1000
1*000 -  10,000

>  10,000
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Resistivity

The variable-frequency induced polarization method
of prospecting is simply a measurement of the difference in 
resistivity of a.c. and d.c. current between two potential 
electrodes. Resistivity can be expressed, in a homogeneous 
medium, as a function of resistance, length, and cross- 
sectional area, by the following formula:

p = resistivity 
R = resistance 
A = area 

■ L = length
To measure the resistivity of the earth, this formula

will have to be modified as we are not measuring an object 
v*iich has definite boundary limits. Assuming the earth to 
be a uniform homogeneous mass; the surface is the upper 
boundary and is considered to be horizontal. The lower 
boundary is of infinite extent.

At a point source electrode the current is flowing
everywhere radially forming an infinite number of equipotential, 
hemispherical surfaces. The total resistance (Rt) between all 
of the spheres is equal to their sum.

where:
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where;
rQ = radius of first sphere 
rn = radius of infinite sphere

The potential of Vn is then:

Using two current electrodes, instead of one, we 
derive the following for the potential difference (V).

placed on the surface on the earth, definite values are 
set on the radius boundaries. Referring to Figure 6, which 
is a diagram of the Wenner array used in this particular 
investigation, the radius factors become (a) and (2a). 
Solving for and V2 at each potential electrode, with 
reference to both current electrodes:

By defining the potential points as two electrodes

The potential difference (V) is then:



EQUIPOTENTIAL SURFACES

OW LINESCURRENT FL

Figure 6. A diagramtic section of the Wenner array showing the 
distribution of the lines of current flow and equipotential surfaces 
through an isotropic, homogeneous medium ( after Hubbert, 19UU)*

4>
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The conclusion is now made that the apparent resistivity

between two potential electrodes placed in contact with the 
surface of the earth is:

Pa = 2na^

[The above has been a summary after M. K. Hubbert (1944)].
By repeating the above process using different 

spacings, a formula for resistivity using different electrode 
arrays may be calculated.



FIELD RESULTS AND INTERPRETATION 

Reconnaissance Survey

In the spring of 1962, a geophysical reconnaissance 
survey, using the variable-frequency induced polarization 
method, was initiated in the Sedimentary Hills and Snyder 
Hill areas, just south of Tucson Mountain Park. This survey 
included Sections 27, 28, 29, 30, 31, 32, 33, 34, T.14 S.,
R.12 E., and Sections 3, 4, 5, 6, 7, 8, 9, 10, T.15 S.,
R.12 E. A modified Wenner array was used with a 900 foot 
spread. The porous pots were located between the current 
electrodes and the spacing used was 2-5-2. The readings 
were taken at 900 foot intervals along north-south lines,
1/3 to 1/2 mile apart.

Plate II is a contoured d.c. resistivity map constructed 
from the field data. The map shows definite northwest-southeast 
trends which are believed to be a reflection of regional struc
tures. The only areas where bedrock crops out above the 
alluvium are at Snyder Hill and Sedimentary Hills.

The resistivity map shows a maximum high above Snyder 
Hill, with associated highs elongated in a northwest-southeast 
direction. It is believed that these highs are near-surface 
extentions of the bedrock surface, overlain with a thin layer 
of alluvium.

26
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Well log data indicate that the depth to bedrock is 
125 to 150 feet at the midpoint between Synder Hill and 
Sedimentary Hills. This, in conjunction with other well 
log data to the northwest and west of Snyder Hill, indicates 
that this region represents part of the pediment surface 
and extends just west of Snyder Hill where it drops off 
(Schwalen, 1963, personal communication).

The Sedimentary Hills show a large resistivity 
contrast with Snyder Hill. This is probably due to the 
difference in rock types as well as structural features.
The large re-entrant in the 400 ohm foot contour line at 
Sedimentary Hills is an interesting feature and will be 
discussed in detail later.

The metal factor contour map for this area shows a 
number of small anomalies and two rather large, high inten
sity ones. As a result of further work, only one of these 
proved to merit detailed attention. This one was located 
just south of Sedimentary Hills and a detailed survey was 
subsequently started to outline the boundaries of the anomaly.

Detailed Survey

The detailed survey was conducted in Section 28 
(Plate I). It was largely a profile survey with only one 
expander spread used at three successive stations. A 1200 
foot Wenner array was used with an (a) spacing of 400 feet 
between the porous pots and electrodes. The readings were
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taken at 200 foot intervals on north-south lines that were 
400 (some 200) feet apart. The field data was plotted using 
a grid system, with the southwest corner of Section 28 at 
zero-east (OE) zero north (ON). Any other position can then 
be determined from this point.

Figure 5 is a representative table of field data.
The current was regulated between 0.2 and 0.5 amperes at 
frequencies 2.5, 5, and 7.5 cps.

Resistivity
The apparent d.c. resistivity values were plotted 

and contoured at 50 ohm foot intervals. The values vary 
from a low of 200 ohm feet to ahigh of over 700. Plate III 
is a contour map of the resistivity results with the associated 
known geologic structures superimposed.

The resistivity map shows a major northwest-southeast 
trend with associated minor, perpendicular trends.

The major trend is expressed as a zone of low resis
tivity and corresponds to the one mentioned earlier and 
observed on the reconnaissance resistivity map (Plate II).
This zone can be defined as a broad resistivity low with 
adjacent highs. Figures 7 and 8 are graphical representations 
taken perpendicular to the anomaly and display these features 
very well.

The southern end of this zone of low resistivity tends 
to open-up, in that the contours become more diverse. This
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is thought to be due to the increase in overburden as one 
recedes away from the bedrock area, as well as the effect 
of the more pronounced perpendicular trends in this part of 
the anomaly. To the north-end, the contours seem to converge 
more as one advances toward and onto the bedrock area.

Figure 9 is a north-south resistivity profile 
section across the fault mapped at OE, 4200N (Plate III).
As we transverse the fault there is a rapid decrease in the 
resistivity. The associated drop in the resistivity curve 
to the south is inferred to be another fault covered by a 
thin layer of alluvium.

The known mapped structural features seem to corres
pond quite well with the major trends of the resistivity 
anomaly. With this geologic evidence it is thought that 
the resistivity anomaly is the result of a large fault zone, 
possibly a thrust, located under the cover of alluvial 
material, and parallel to the thrust zone mapped by Bennett 
(1957) to the northeast. By taking half-value estimates 
from the resistivity curves in Figures 7 and 8, the width 
of the zone is thought to be between 1000 and 1400 feet.
The interruption of this zone at its southern end by perpen
dicular trends is thought to be the result of cross-faults; 
much like those found at the southern end of the mapped 
thrpst zone (Plate III).

The results of the electromagnetic survey conducted 
by Kern County and Southwest Ventures show a large area of
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increased conductivity over the assumed thrust zone. In 
Figures 7 and 8 the results of this survey are plotted 
against the resistivity, MF, and FE curves.

Metal Factor and Frequency Effect
The metal factor (MF) values for the frequencies 

2.5, 5, and 7.5 cps have been plotted and contoured in 
Figures 10, 11, and 12, respectively. As we can see from 
the maps, the metal factor values have increased with an 
increase in frequency. This fact is confirmatory evidence 
for the circuit theory proposed earlier.

The dominant trends whiefi were observed on the 
resistivity map also show up on the metal factor maps. It 
is apparent that the metal factor maps are an inverse of 
the resistivity map. Where there is a resistivity low 
there is a corresponding metal factor high. In other words, 
the metal factors seem to be a' inverse function of the 
resistivity.

The above brings up the question: "Does the
resistivity govern the metal factor values which are 
calculated from the formula proposed by Marshall and Madden 
(1959)?" or is the metal factor a true picture of the 
percent sulfides present, which in turn may or may not 
be governed by resistivity. The second is the preferred 
case, but may not always be a valid one in that the metal 
factor formula reduces to the percentage difference between 
the a.c. and d.c. resistivities divided by the resistivity
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(Brant, 1963, personal communication). The percentage 
difference of the resistivities has been termed frequency 
effect (FE)and is approximately proportional to Newmont * s 
M factor (Brant, 1963, personal communication). Thus, with 
an increase or decrease in the apparent resistivity, the 
metal factor values can change without a change in the 
amount of sulfides present in the rock.

Plates IV and V are the contour maps for the metal 
factor (MF). and frequency effect (FE) values. They are 
contoured from an average of the 2.5 and 5 cps values. By 
superimposing one over the other, it is easy to see that 
the highs and lows correspond fairly well.

Figures 7, 8 and 9 are graphical representations 
xdiich show the relationships between the metal factor and 
frequency effect values. In Figure 7 they are generally 
concurrent and demonstrate a direct relationship to the 
resistivity curve. However, in Figure 8 there is a slight 
deviation which is assumed to be caused by the resistivity. 
This deviation occurs where there is a greater vertical 
distance, on the highs, between the MF and FE curves for 
associated resistivity values. The same is true in Figure 9.

It is concluded that the distribution of the sulfide 
mineralization is probably a result of structural controls 
as demonstrated by the correlations between the resistivity, 
metal factor, and frequency effect values. This assumption
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is made in the knowledge that there was not a significant 
overall difference between the MF and FE values.

Plates IV and V signify a broad zone of mineralization 
conformable to the assumed thrust zone. The high intensity 
anomalies within this broad zone are believed to be concen
trations of sulfides deposited where minor structures cross 
the major structure. Referring to the "Common Metal Factor 
Values" proposed by Marshall and Madden (1959) we can 
anticipate encountering 1 to 3% (by volume) disseminated 
sulfides over a broad zone approximately 1500 feet in width 
and 4000 feet in length, with an increase in the high areas 
up to 10%.

A theoretical approximation of the thickness of the 
alluvium and depth to mineralization cannot be made at this 
time because a complete expander profile was not made.

Self-Potential

The self-potential readings were the first to be 
taken in this survey in order that they might be nullified 
before a current was induced into the ground. However, they 
are of little use as a separate geophysical tool when 
prospecting for disseminated sulfides in the Basin and Range 
Province because topographic effects, or the natural current 
gradient in the earth, are sometimes large enough to mask 
any self-potential effects produced by oxidizing sulfides.
M. L. Jensen (1960, privately circulated report) reports
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that negative values as low as -60 mv can be expected to be 
caused by topographic effects in the Basin and Range Province; 
and regional current gradients may be in the order of 10 to 
100 mv per kilometer (Jakosky, 1950).

The self-potential contour map, shown in Figure 13, 
varies from a high of +175 mv in the southeast corner, to a 
low of -68 mv to the north. When the self-potential map is 
superimposed over the metal factor maps, none of the negative 
lows correspond to the metal factor highs, as we might expect 
if they were a result of oxidizing sulfides. The self-potential 
readings were then of little use in denoting and outlining 
sulfide concentrations.

Expander Profile
Expander profile data has been plotted on two-cycle 

logarithmic paper for two (a) spacings, 400 feet (122 meters) 
and 600 feet (183 meters), from Stations 2000N, 2400N and 
2800N on line 920E.

Figure 14 shows an increase in the d.c. resistivities 
at Stations 24 and 28 for a corresponding increase in (a) 
spacing. Station 20, on the other hand, indicates a slightly 
more conductive layer below due to the slight drop in 
resistivity with a wider spread.

If the a.c. resistivity values in Figure 15 are 
superimposed over the d.c. ones, some interesting relation- 
shipes develop. The slopes of the a.c. and d.c. resistivity
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Figure 13. 
SELF-POTENTIAL MAP

Sedimentary Hills Area 
Pima County, Arizona
• Scale
Contour Interval:-10 mV

March 1963
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values are the same for Stations 20 and 28. This would 
indicate a uniform mineralization at depth (within the range 
of the array used). The slopes of the a.c. and d.c. resis
tivities for Station 24 are not the same, and indicate an 
increase in mineralization with depth.

Figures 16 and 17 show the relationships between 
the metal factor (MF) and frequency effect (FE) values.
By comparing the slopes we find that they are equal for 
Stations 20 and 24. This seems to indicate that the metal 
factors are a correct approximation of the frequency effect 
values for these particular stations. For Station 28 the 
slope of the frequency effect is much greater than the. 
metal factor slope indicating the higher resistivity at 
this particular station has affected the metal factor, 
appreciably for the 183 meter (a) spacing. .

Drill Hole Results

In July, 1962, core drilling was started at one 
location within the anomaly (see Plates III, IV, and V;
DH 1). The purpose was to ascertain information on the 
depth and percent of sulfide mineralization. The well was 
located 1000 feet east and 2475 feet north from the southwest 
corner of Section 28.

The drill hole extended through 73 feet of alluvium 
and 327 feet of bedrock to a total depth of 400 feet. It 
encountered a series of interbedded dark gray to black,

5
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fissile shales and fine to medium grained arkoses. The 
entire section was within the Amole Arkose Formation and 
dips between 35 and 40°.

Sulfide mineralization occurs throughout the entire 
section of bedrock, with the exception of a light gray 
arkosic sandstone member from 300 to 333 feet. The sulfides 
usually occur as disseminations in the arkose; but, in the 
shale it occurs as replacement along the bedding planes as 
well as disseminations. The sulfides from 73 to 109 feet 
have been oxidized to limonite. From 109 to 400 feet they 
make up from 1 to 3% of the rock by volume with an increase 
to 6 or 7% in favorable horizons. The higher percentages 
of sulfides are within the black, fissile shales where they 
tend to concentrate along the bedding planes.

A number of fracture and breccia zones were present, 
not all of them showing movement. In the arkoses, movements 
were usually indicated by the presence of fault gouge, and 
in the shales by the presence of slickensides, usually 
along the bedding planes. Nearly all of the fracture and 
breccia zones are filled with calcite.

The well log in Figure 18 will give an approximation 
of the situation encountered.
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SUMMARY AND CONCLUSIONS

The detailed geophysical survey conducted over the 
area southwest of the Sedimentary Hills, has extended the 
geologic knowledge so that the following conclusions may 
be made.

It has been concluded that the large resistivity 
anomaly is probably the result of a thrust zone located 
under the shallow alluvial cover and parallel to the one 
mapped by Bennett (1957). It is thought to be about 1200 
feet wide and over 4000 feet in length, and transversed by 
normal cross-faults vAiich are reflected in the resistivity 
contours.

The metal factor and frequency effect maps are an 
inverse of the resistivity map; thus, indicating structural 
control of the mineralization. A theoretical estimation of 
between 1 and 3% sulfides is in accord with drill hole 
results. Concentrations of sulfides up to 10% are antici
pated at metal factor and frequency effect highs as a result 
of increased deposition where minor faults cross the major 
thrust zone.

Since the self-potential values were essentially 
small and did not correlate with the metal factor maps, they 
are thought to be the result of topographic and natural 
current gradient effects.
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It is concluded from core drilling that a mineraliza
tion probably extends to depth (below 400 feet), and down 
dip to the southwest. It is thought that a larger cable 
spread on the west side of the anomaly would probably 
detect sulfides at depth.
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