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INTRODUCTION

At the request of Mr. H. G. Lynch acting in behalf of North
American Mines, Inc., Heinrichs Geoexploration Company conducted
and completed an induced polarization survey over parts of the
Red Bird Area, Cochise County, Arizona during the interim August
22 to August 26, 1966.

Two lines were surveyed, each consisting of two spreads,
giving a total surface coverage of 36,000 feet of which 27,000
feet is ''3n" subsurface plotted data. The lines were oriented
approximately E-W and on a 1000 foot dipole spacing.

The data was taken with the dual frequency induced polarization
technique on a dipole~dipole electrode configuration. Sending
frequencies used were 0.05 and 3.0 cycles per second.

The purpose of the survey was to locate any large sulfide
zones in the vicinity of the Red Bird Mine down to about 1200
feet below surface.

Data are presented on sectional data sheets, one for each
line with resistivity, percent frequency effect (FFE) and metallic
conduction factor (MCF) contoured in section and self potential

~ (8P) in profile form. An induced polarization location and

interpretation plan is also included.

Geoex persomnel involved in the field work were Don Cooley
and Ron Palmer, geophysical crew chiefs; Mike Critchley, Mike
Fraker, and Charles Brackney, technical assistants. Report and
interpretation by the Tucson Geoex staff under the supervision
of Chris S. Ludwig, Senior Geophysicist.

cwcwsmm. RECOMMENDATIONS, AND INTERFRETATION

No definite zones of sulfide anomalism were encountered even
over the Red Bird workings. The only possible indication of
sulfide is a questionable anomaly near 70E, Line 1 and 60E, Line 2
apparently related to an electrical interface perhaps along strike
of a prospect (see plan).

HEINRICHS GEOEXPLORATION COMPANTY



The Red Bird Mine is also apparently related to an electrical
interface but with no associated polarization. The self potentials
show a very minor low near the Red Bird possibly due to minor near
surface oxidizing sulfides or perhaps due solely to artificial
effects from metal trash near the mine, or topographic effects.

The resistivities show several zones of different electrical
conductivity that can be correlated from line to line as shown on
the plan. These zones likely correspond to different geologic
rock types.

The very low resistivities on the east end of both lines is
interpreted as caused by saline water in the alluvium due to
proximity of the Willcox Playa. These low resistivities in turn
cause an inductive coupling interference which appears as a false
high polarization effect making it difficult to isolate any valid
effects in this area.

Except for the minor low near the Red Bird, the self potentials
show no significant variation other than typical background effects
not related to sulfides in quantity.

The questionable anomaly down strike of the prospect is not
definite or strong enough to warrant drilling. However, this area
should be inspected geologically for amny sulfide possibility with
depth and if emcouraging, further I.F. could be run north and south
of the present work, centered along the projected strike if visible.

Respectfully submitted,
HEINRICHS GEOEXPLORATION COMPANY

s /Lt

Chris S. Ludwig
Senior Geophysicist

e o T

E. Grover Heinrichs
Vice President

September 27, 1966
P. 0. Box 5671
Tucson, Arizona
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BOX 5671 TUCSON, ARIZONA 85703
. Phone; (AREA 602) 623-0578

BASIS OF THE INDUCED POLARIZATION METHOD

The induced polarization method is based on the
electrical properties exhibited by electronic or metallic
conductors imbedded in an ionic or electrolytic conducting
matrix. These properties are noticed in thdt the potential
across a block of this dual conduction mode material will
increase with time, approaching a constant value, when a
constant current is made to flow through the block. This
phenomenon occurs because at the boundaries between the
two conductor types, electrolytic ions have to give up
or take on electrons thereby requiring an additional force
(overvoltage) over that which would be needed with only
one mode of conduction; showing up as a building of poten-
tial across the block with time as more ions are backed up.
This potential approaches a constant value when an equi-
librium is established between the ions backed up at the
boundaries and the flow across the boundaries. Therefore
from the preceeding discussion, it is seen that the gross
effect is quite similar to the charging of a leaky
capacitor and for most applications, it is proper to use
this mode as a guide. These capacitive-like properties
are normally measured by three different techniques.

In the time domain (pulse) method, a steady direct
current is imposed across the block for a few seconds and
abruptly terminated so that the capacitive-like decay
(discharge) curve can be measured or recorded. Usually,
the voltage decay curve is integrated with respect to
time to give the area under the decay curve in units of
volt-seconds. The more area determined, the more
capacitance or polarization the block exhibits.

In the frequency domain method, the percentage
difference between the impedance (AC resistance) offered
to a lower and a higher frequency is measured. A capacitor
offers a lower impedance to a higher frequency than it
does to a lower frequency, therefore the percentage dif-
ference between the impedances will increase with increased
polarization. '

A third technique is to measure the phase angle or
delay between an introduced current wave-form and the
received voltage wave across the block. This phase delay
also increases as polarization increases.

- la =
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Almost all metallic lustered sulfides such as for
example; pyrite, chalcopyrite, chalcocite, bornite and
molybdenite are electronic conductors and the rocks and
-ground water, with which they permeate or are permeated,
are ionic conductors, therefore if an electric current is
made to flow through a sulfide deposit, it will polarize
and can be detected by the three methods described above.

This induced polarization property is not entirely
unique with sulfides since magnetite, graphite and some
clays will exhibit it; however, with sufficient geological
and geophysical data, effects due to sulfides can generally
be interpreted apart from non-sulfide anomalism. The type
of sulfide however, say pyrite, as distinct from chalco-
pyrite, cannot yet be distinguished with present induced
polarization techniques. since all types give quite similar
types of problems.

The I. P. technique was developed primarily for
porphyry type deposits and is perhaps the only reliable
means of detecting hidden disseminated sulfides. However,
the I. P. method works just as well or perhaps better on
semi-massive to massive sulfides, contrary to some of the
earlier thinking, for it gives increased response with
increased volume percentage of sulfide.

FIELD TECHNIQUES AND INTERPRETATION

For routine exploration, we prefer and use the dual
frequency system because of its greater simplicity of
instrumentation, operation and greater accuracy as well
as simplicity of interpretation. However, all three methods
give basically the same results and the choice is either
a matter of opinion or highly technical reasons and there-
fore should be left to the individual applicat1on and the
geophysicist's discretion.

The two frequencies we most commonly use are 0.05
and 3.0 cycles per second, respectively or so called ''D.C."
and "A.C." modes. Other frequencies are available with
our equipment and are occasionally used when desired. The
usual frequency range used is from about 0.0l cps. to
10 cps. The lower frequency limit is due to naturally
existing time varying Telluric (earth) currents and

- 2a.-
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electrode polarization. The upper limit is determined by
electro-magnetic coupling effects which increase rapidly
with increasing frequency.

In our standard reconnaissance field practice, five
equally spaced co-linear current electrodes are placed in
the ground by burying aluminum foil in pits wetted with
brine. Observations are made in accordance with a sym~
metrical dipole-dipole configuration where the distance
between the receiver or potential electrodes is kept equal
to the distance between adjacent electrode pairs. Generally
the receiving dipole is separated by one to six dipole
units ("n" separation) from the sending dipole. Figures 1
and 2 indicate this configuration and resulting data plot-
ting positions. A precisely controlled square wave current
is sent through a sending dipole at 0.05 and 3.0 cycles
per second from which, at the receiving dipole, a "D.C."
and an "A,.C." voltage are measured, respectively. By
knowing the geometry involved (the dipole length or spacing
and the separation distance between the two receiving-
sending dipole pairs), along with the two voltages, an
apparent "D.C." and an "A.C." resistivity can be calculated.
From these apparent resistivities, their percentage dif-
ference is determined, thus giving the Percent Frequency
Effect (PFE). A third quantity proportional to PFE and
inversely proportional to '"D.C." resistivity, called
Metallic Conduction Factor- (MCF) is computed in order to
somewhat normalize PFE for variations in ground conduct-
ivity purely as a technical interpretational aid. Formulas
for these various quantities are given on Figure 3.

Selection of electrode spacings is determined by the
objectives to be reached in a given survey. This spacing
will range from very small (50 feet or less) for very
detailed and shallow surveys, up to 1,000 feet, or occasion-
ally more, for broad and deep reconnaissance work. Other
factors involved in the selection of spacing are concerned
with the anticipated physical geometry of any possibly
existing mineral occurrence. This includes consideration
of such size, shape and position factors as expected depth
of burial to the top of the deposit, the dimensions of the
deposit itself, its orientation, strike and dip, etc., as
well as its expected electrical properties.

In general, the greater the dipole spacing and ‘m"
separation, the greater the depth penetration and the less

| . HEINRICHS GEOEXPLORATION COMPANY



the resolution. A rule of thumb used in practice is that,
with a good contrast of electrical properties, using the
symmetrical - co-linear dipole-dipole system, and having
data from 1 through 6 in "n'" separations, two times the
dipole length is the maximum depth of detectable penetration,
and 0.2 times the dipole length is about the minimum depth
of detectable penetration for a body having two or three of
its dimensions large in relation to the dipole spacing.
However, a body having two or three of its dimensions less
than the dipole spacing, and buried more than one spacing
probably will not be detectable. A zone, regardless of
orientation, having a dimension less than 0.1 the dipole
spacing will not likely be detectable. Also, zones differ-
ing by less than about 30% in electrical conductivity will
not be very easily resolved by resistivity measurements,

but may still be detected if a polarization contrast exists.

To illustrate the above in more concrete terms, consider
a dipole spacing of 1,000 feet for the following: An over-
burden of more than 2,000 feet would likely not allow enough
current penetration into bedrock to detect even a large and
highly mineralized zone in the bedrock. Also, a sulfide
zone lying completely within 200 feet of the surface
generally would not be detected. A spherical or elongated
cylindrical body whose top is more than about 1,000 feet
below surface and whose diameter is much less than 1,000
feet would be just out of the range of detectability. A
Dike-like or sill-like zone whose width is less than
100 feet probably would not be detected regardless of how
it lies relative to the spread.

So far, only the maximum and minimum limits of
detection and resolution relative to the various geological
and geometrical configurations have been discussed, thus
omitting optimum conditions. Generally, we attempt to make
the dipole spacing one to two times the expected depth to
the target in order to obtain a good electrical response.
Of course, where it is suspected that the zone has a good
depth extent, say two or more dipole spacings, as is
typical of most porphyry type copper deposits, a spacing
considerably more than two times the expected depth to
sub-outcrop can be used to obtain broader and more rapid
soverage, as long as we do not exceed the zone's width.
Because of these factors, we usually use 500 to 1,000 foot
dipole spacings in prospecting for porphyry-type deposits.

- 4 =
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The field data are interpreted after plotting the PFE,
MCF and resistivity as in Figures 1 and 2. These values

‘are then contoured, the resistivity and metallic conduction

factor logarithmically (because of the usual large variations
in magnitude) and the percent frequency effect on a constant
interval. This two dimensional method of plotting gives

an additional leverage over the standard profile methods in
that easily recognizable patterns are associated with various
subsurface geometrical configurations and that lateral
variations can be separated from vertical effects.

It should be realized that there is no definite relation
between the vertical scale on these plots and actual sub-
surface depth. The data point values are a complexly
weighted average of the electrical contrast distribution in
the vicinity of the sending-receiving dipole pair and
contain depth as well as lateral information. About all
that can be said is that by increasing the dipole length and
the dipole separation ('n'" separation) more volume of ground
is being affected and therefore more depth penetration.

There are cases where the depth to a subsurface feature
can be determined fairly precisely as in the two horizontal
layer situation. The field data is compared with theoretical
type curves for various resistivity contrasts between the
top and bottom layer and various thickness of the top layer
until a close match is found. This enables the depth to
the bottom layer in the field to be determined as well as
the true resistivity of both layers. A major limitation
to this interpretational technique is that only a few simple
geometric cases related to a relatively few number of lay-
ers have been theoretically developed. However, extremely
valuable information can still be derived in alluvial
and lake bed applications for depth to bedrock and ground
water purposes, etc.

In interpreting PFE's, values of 0 to 4 percent are
usually considered background, 4 to 8% marginally anomalous
and 8 to 40 plus definitely anomalous, but they must be
considered in light of the associated resistivity. Very
low resistivities give an increased background frequency
effect due to an electromagnetic inductive coupling inter-
ference phenomenon that must be corrected for. The MCF
tends to correct any high resistivity increased background
frequency effects but tends to amplify the electro-magnetic
frequency effects making a correction imperative.

nsa-
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FIGURE 3
- (Lde _
PFE (ﬂac 1100

Where PFE is Percent Frequency Effect, /Pdc is the
apparent resistivity at the lower frequency and A ac 1is
the higher frequency apparent resistivity.

P = ——-2';'\, Kn

Where A 1is either 2P dc or /A2 oc depending
on frequency of the current I which is measured in amperes.
The potential V, arising from I, is measured in volts.

K, is the geometric factor given by:

Kn.-.mn"'l)(ﬂ*g) ,
B (Only for dipole-dipole arrays)
Where a is the dipole spacing in feet and n is

the number of dipoles separating the sending and receiving
dipoles, this gives, for apparent resistivity:

p -2V (an(n+‘n2(n+g) ,

from which we see that A2 is in units of ohm-feet.
However, the apparent resistivity usually plotted is

2/ 2 or: | |
LNV enn+D(n+2)
- T K= 2 )
__PFE_
MCF = Bac/am ™

Where MCF is the Metalliec Conduction Factor and lodc/21riis-'
apparent "D.C." resistivity.

INDUCTIVE COUPLING INTERFERENCE

If a(n +I) J,‘b_/jé_,; is less than 1000 then the
inductive coupling false frequency effect will be less than
2.5%. Likewise 1f less than 1500 the false effect will be
less than 5%, and if less tham 2000, the false effect will
be less than 107. Frequency ¢ 1is in cycles per second.

HEINRICHS GEOEXPLORATION COMPANY
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+ talked -ith Victor Verity about the Red Bird and he tells me thst we have
fo o do.othe ascessment work because we didnot notify‘gedderman within the three months
reriod before the assessment work is due, The end of the assessment work year is
eptenbor 1.+ believe that the cheapest and most satisfactory w v to do tie work is
Bo havi eincichs run an I. P. line across the south end of Sec. 11 and across the
aorth end of Sec 1l, both in an east-west direction. There are 9 claims in the £ oup
and I belfeve th t it would cost about $2500,00 to get the work done but we would

ten kmow whether or noPto drop the claims, or we could use the work to hold them

-

for mnother nine months.

cedoerran and L owent to the mine yesterday and were able to locate it on the
- Je e O.omap of the avea according to Township, Range and Section. I am enclosing
a sietel map of the locaticn and am placing on it the leases for which Woodsley has
ac lled, marked @ith a "wv, Hedderman, as usual, has no map of the claims and is
not at all certain where are the corners so’ am unable to place them on the map.
The . 5. G. O. map shows the tunnels to be in the SE 1/L of the SW 1/4 of the SW 1/l
of Jection 11, T. 155 R.23E.

The mineralization runs N-S and dips East. There is a wide mineralized zone
rioning sonth into Sec. 1} which is Federal land and is partly covered by the claims,
This W5 zone is covered by state lease in the NE 1/L of the SW 1/l of Sec. 11 which is

ne o the leuses for which Woolsley apnlied.
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I do not know if Woolsley received the leases, paid for them, or is still hold-
ino Lhem by ri~ht of ap lication. But I will talk with Victor about that and maybe

he can find out.

* have an appointment with the fiienrichs man who worked at the Allison for
tomorrow. Tiey seem to think th:t they have something but should have it figured tomorid
e vana line across the mountain to the south of the Foumth of JUIy and err chet

there is nothing in that direction, It is all to vhe north or under the ridie. o Uy
say that the zone was over 2000 feet wide. :t should be able to give it to you tomorrow.

The hoist broke down and had to be overhauled. 8o there is nothing doing at

the mine at present,
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