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INTRODUCTION
At the requhct of Mr. Dorman S. O'Léaryfof Wickenburg,
Arizona, Heinrichs Geoexploration Company, Tucson, Arizona,
completed an Induced Polarization Survey over the Buckskin

.clainq in Sections 4 and 5, T8 N, R 1 w,‘Yavnpai County,

Arizona.

Four induced polarization lines were run consisting of

one spread each, giving a total surface coverage of 24,000
feet, of which 14,000 feet is subsurface plotted data. All

- lines were run north-south on a 500 foot dipole spacing for

maximum coverage, resolution, and penetration.

The induccd polarization ananurcm‘hca were taken ﬁith
the dual frequency technique on a dipole-dipole eioccrodo
configuration. Th§ two frcqﬁ.ncicn used were 0.05 and 3.0
cycles per second.

The data are presented on sectional data sheets, one

for each line, showing resistivity, percent frequemcy effect

'(PFi), and metallic conduction factor (MCF) contoured in

section; and self potential (SP) in profile form. An index

map of the area showing location of lines run is also included.

Heinrichs pdtaonnol involved in the field were Dan
Anderson, Geophysical Crew Chief; Harvuy Durand, Geologist] and
Jim Bauersachs, Tochnical Assistant. Interpretation, compilation

- and rcﬁo:t by the Geoex staff in Tucson, Arizona, under the
_supervision of Chris S. Ludwig, Senior Geophysicist.

HEINRICHS GEOEXPLORATION COMPANY
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CONCLUSIONS TION: ' TION

No induced polarization snomalism, other than minor back-
ground variations and dénductive coupling interference, was
noted on any of the lines.

" It is believed that no extensive sulfide mineralization
of more than 1% by volume occurs in the vicinity of the I.P,
lines down to a depth of about 750 feet.

Resistivities indicate the gramite-volcamic contact on
Lines 1, 2, and 3, and possibly Line 4. The granite is
higher in resistivity than_ﬁho volcanics, as is typical in
the Southwest. The contact is near 0,5N on Line 1, 0.0N/S
on Line 2, 0.5N on Line 3, and possibly near 0.758, Line 4,
being most sharply defined on Line 2.

Self potentials show no variation other than random
background effects not related to sulfide.

It is rccomnéndnd that no further induced polarization
be done unless additional new ideas or information presents
itself, or to answer specific geologic qunntidnp.

Respectfully submitted,

HEINRICHS GEOEXPLORATION COMPANY

Els

Chris 8. Ludwig, ‘nior Gcophjltcist
APPROVED:

Walter E. Heinrichs, Jr.
President & General Manager

Doccmbet 8. 1965 P 2 & HEINRICHS GEOEXPLORATION COMPANY
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BOX 5671 TUCSON, ARIZONA 85703
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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. E;;;ﬁgz
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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 application 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 0.01 cps. to
10 cps. The lower frequency limit is due to naturally
existing time varying Telluric (earth) currents and
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electrode polarization. The upper limit is determined by
electro-magnetic coupling effects which increase rapldly
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 ‘n''
separation, the greater the depth penetration and the less
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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
coverage, 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.
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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.

- 53 =~

HEINRICHS GEOEXPLORATION COMPANY



"sjutod ejep ¢¢ sopraoad dnyes zopuss yoey -AToar3rooadsax suotjeaedas a1odrp

9 Pue ¢ ‘4 ‘¢ 10J pPOUIRIqO ST BIBP PUB JUSS oIE mo . ﬂo pue ¢y - mo ¢ty - Y5 45 - $p Sy e

ST ISAT9D91 3yl uayM ‘'AI5AT3Oadsax paurelqo ST suorjeaedss a1odIp ¢ Pue 1-3e B3RP 3BY3] OS
4Uss,, aq ueo Mo - ¢0 pue mo - §0 £1uo Ty 3@ SuraTooex ST JI9AT9D91 9yl usym ,q,, dniyss aopuss

ur ‘souejsur 103 "dnlss ISAT9O9I Yo®S 10T S9poa3oaTs jyo ared ayqrssod yoes 03 ,,usds,, ST
Juaxan) -pesads 8yl yJo pus ieou 93l woay dnlas 9poIIOSTd TeTiuajod oyl sjeaedss sBuroeds arodt p
@21yl Tr3un A7(ensn pesids S9poIIO9[3 JUSIAND YOBS JO Spud 94yl woaJ spaemino paasou aie sdnjas
IDATS991 9yl ‘'speaads 9poajO9TS JUSIIND uSaMIaq suoTjeaedss 9T10odTp @91yl sae aaayz ‘sanpasoad
TewIou ul °SUTT 3SI9ARI] B 3Juolk SpEaads 2poI3O9Td JuaxINO 9jeaedss 991yl smoys weideiq

*ejep °d *1 910d1@-a10dr@ 3ur3ijzord pue Juruielqo jJO poylsw 9yl SurleiISnIIT weaSerp oT3BWAYOS

. ¥, pateowy
a 0
0 szi*u .nv...v:ldﬂ

be

ﬁl PAIDPODY
P2 puss 4 N\
,9,dn 38 sPpusrg ¢ / N\
€ DPAI®POIYD 4 *
(] Ww" 3 ‘CO‘ﬂO \Ol d A
]
nﬁhm olﬁW.ﬂOUl.d.ﬂ 2, R L'm... s 7 // \\ N N S 241230u
2 > Ld-om.vdmr I \\ \ 7 N R %Jn«onu..ﬂﬂuﬂovm:
/s \ v i ’
A
.-n b
¢ meee e ¢ ~ —
mfl lﬂflUL
o ]
e, dn-t3s sz2puse D .n.v ) ' .W .r“v v, dn-jag 43pusg
«S¥,dN 13 w3AIZD3Y ' 1 1 1 \ o
[ 1 '
4 _ ' " \“
Il -~ III ' \\\ \\\
P 1 s e
lllll 1 \\\\\
lzm\\

9. d0 L35 H3IAN3IS

T oand1d




8?N|DA |[PoO4udiddYy @
X dnyg2s o
.8, dnj2g x
WV, Snies

[ J o n ® ° ®
L ] [ [ ) L ] b .3 o t 3 e ° ° ®
o L] ® o o ° 3 E 3 ® » x x ° . ° .- . °
o ® o .‘ (-] @ - v 3 ” t 3 1 3 ”® n v e ° ° ° e e o °
° ° [ J v (-3 o (-3 ® n =® (-4 ” -3 ® ® ° ° v o ° P
° ° ° L) ° ° » *” * " x ] . . . . . ®
Aok Ry o T Ty fw Zw w ol oo a0N R T T
S R R A R N A A P
.2 d042g ,8,dny2g w9028

(1 @2an3td jo sdn3yss @91yj ay3l woiy paurelqo ele(q)

. ¢ oandid




FIGURE 3
- (Lde _
PFE (ﬂac 1)100

Where PFE is Percent Frequency Effect, /2 dc 1is the
apparent resistivity at the lower frequency and /A ac 1is
the higher frequency apparent resistivity.

A =——2"I'v Kn

Where /A is either 2 dc or /2 ac  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:

_an(n+1)(n+2)

Kn >

(Only for dipole-dipole arrays)

Where a 1is the dipole spacing in feet and n is
the number of dipoles separating the sending and receiving
dipoles, this gives, for apparent resistivity:

pzznl-v (an(n+'l)2(n+2) )

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

o/ 2 or:

L NV .V  ann+)(n+2)
2".' I Kn= T ( 2 )

PFE
Fses——wo X
MCF = e /am

Where MCF is the Metallie Comductien Factor and lodc/erisf
apparent "D.C." resistivity.

INDUCTIVE COUPLING INTERFERENCE

If a(n +1) ,Z/fa_,, is less than 1000 then the
inductive coupling false frequency effect will be less than
2.5%. Likewise 1if less than 1500 the false effect will be
less than 57, and if less tham 2000, the false effect will
be less than 107%. Frequeacy § 18 in eycles per second.

HEINRICHS GEOEXPLORATION COMPANY



- )y t )
L
P.O. BOX 1041
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DORMAN S. O'LEARY RS
REGISTERED MINING ENGINEER

WICKENBURG, ARIZONA

June 28, 1964

Mr. Walter Heinrichs
P. 0. Box 5671
Tucson, Arizona

Dear Mr. Heinrichss

I would very much appreciate information on your cepabilities for
loeating ore shoots on lead-silver veins in schist. The property I have in
mind has one developed ore shoot, partly mined out, but with enough ore
left to yield some empirical data, if necessary, and 10 or 12 areas
100 by about 250 feet with favorable surface and geochemical indications,
If practical, I would like to run a geophysical survey on these areas
to pick the most favorable one for underground exploratione

Plcase reply at your conveniencee.

Very truly,

O

N
« Se O'Leary

\




Hovember 11, 1965

¥Mre Do 8. O'Leary
P. 0. Box 10k1
Wickenburyg, Arizona
iiles Proposed Induces Polarization Survey
Dear ¥r. O'Lears:

As discussed on the phone November 10, 1955, it is our understanding that
your plan to run 15,000 feet of I. P. divided into five spreads of 3,000 feet
each on 500 foot dipole spacing. For 15,000 feet of subsurface data at the
3n separation it will be necessary on the surfage to traverse 27,500 feet. Ve
estimate the total charge on the project as outlined, will be approximately
$2,000,00, This is based on a charge rate as follows:

Services
One crew day $250.00
Interpretation, co.xzpilat:.on, and drafting 100400
Travel, Tucson~Tucson and weather standby One-half daily rate

Hormally, inclement weather standby time can be usefully spent plotiing,
computing date and ete.

Expenses
vo - Room and board at our cost.
Reproductions, maps, communications charged at our cost.
Vehicles will be charged at the rate of §10.00 a day and £0.,10 a mile.

You will have, or provide permission, and/ or bs liable for all danage
and incident expenses connected with trespass wheare our personnel are asked
to work by you.

If the project should exceed present plans, billings will be every two
weeks. We expect to have our crew leave Tucsen Monday or Tuesday, the 15th or

v ol16th of November., We will let you know at l.ast a day ahead of time of their

exact day of departure.



» . g

Mre De Se O'Leary Page 2 November 11, 1955

e

An advance of $1,000.00 is requirsd in order to proceed with balance
due on completion of report.

Please indicate your understanding and agreerent to the foregoing, Ly
signing and dating in the space provided and returning the enclosed copy
to our Tucson office.

If you have any questions, please let us knows

Very truly yours,

HEINKICHS GEOEXPLOGATION COMPANX

Fe Grover Heinrichs
Vice President

APPROVED

DATE

EGH: je
Enclpgures 1



July 8, 1964

Mr. Dorman 8. O'Leary
Registered Mining Engineer
P. 0. Box 1041

Wickenburg, Arizona

‘Dear Mr. O'Leary:

Thank you for your inquiry of 28 Jume 1964.

a s

As you likely expect,/completely objective literal
answer to your question is that it all depends on the tech-
nical details of combined size, shape, depth below surface,
and physical property contrast between ore and host rock.
More objectively, if you have favorable surface and meaning-
ful geochem indications, this suggests depth of occurrence
may not be extreme and if so, expectations are good.

Generally speaking this is a fairly standard problen,
a reasonable application, and average results or better are
at least possible. In any event, the chance for an empirical
test at the outset is an excellent and highly recommended
approach.
P4

Best results are’usuélly obtained by working from the
known to the unknown, and the scope and interpretation of
work over unknown areas may be guaged and judged accordingly.

Exact choice of method or methods should be left to
technical discretion, if possible, based on a brief review
of known facts, data and if not too remote an area, inspection
by one of our personnel. Coincidently, we now have a crew
working out of or nearby Wickenburg and sometime during the



& ®

Mr. Dorman S. O'Leary -2 - July 8, 1964

next week or so if you wish, the crew manager could discuss
matters in greater detail with you when mutually convenient.

We will look forward to further word from you.

Very truly yours,

HEINRICHS GEOEXPLORATION CO,

Walter E. Heinrichs, Jr.,
~ Geological Engineer
11 WEH: jh President.

%E ec: E. G. Heinrichs
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