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INTRODUCT.ION

At the request.of Dr. R. H. Seraphim, Geological Consultant on
behalf of Cutlass Exploration and Development, Heinrichs GEOEXploration

Company completed an .induced polarization (IP) survey on the Pinal Claim

Group, Papago Indian Reservation, Pinal County, Arizona. This survey

took place. during the interim January 23 to ‘February 7, 1974, after ini-

tial discussions and a brief field inspection by our Senior Geophys1c15t,

Mr. Pau] A. 'Head, with Dr. Seraph1m

‘GEOEX personnel invelved in the field work were Mr. Russell Jolliffe,
Geophysicali Supervisor; Mr. Ronald Petersen, Geophysicist and Mr. Thomas
Downing, Technical Assistant. Interpretat1on and report are by Mr.'Chrms S

Ludwig, Chmef Geophysicist ass1sted by the GEOEX staff.

The purpose «f this IP survey-was to detect and delineate any signi-
ficant subsurface sulfide zones in an area showing indications of dissem-
inated copper mineralization. Previous geophysical work in the eastern
half of the claim group indicated open-ended IP response to the west

which the GEOEX survey extemded and closed off.

CONCLUSIONS ANB'RE@OMMENDATIONS‘

A genera]!y N65°E trending zone of probable su!fade caused anomalous -
IP response, deepening to the west and about 1000 feet wide, was defined
which apparently correlates with the previous IP anomalism; extending it
from about 66W to 106W. This extended anomalism is of such. size and strength

as te be of possible economic significance, particularly if there is a favor-

able ratio present of ore polarizing minerals to non-ore polarizing winerals.

Drilling is recommended to determine the economic potential of the IP
response. Two initial drill sites are suggested to test the strongest por-
tions. of the anema]y at depth. (Please refer to the appended "Comnents on
Drilling IP Targets" for further details on drilling.)

1. A vertical hole collared near 5S on Line 86W should test the IP
high within its strongest portior, in a previously undrilled area, and
apparently near favorable surface geologic indications. Top of the polar-
izable source is interpreted as being roughly 1000 feet deep, and the drill
hole should be programmed for at least 1500 feet total depth to obtain a
representative intersection of the causative subsurface source material.

2. A vertical hole is suggested near 0-N/S on Line 76W to test simi-
lar, somewhat shallower IP response than on Line 86W. This target is nearer
to previous deep drilling, which was apparently only marginally interesting,
and is therefore g1ven a lower priority than the 86W target. Depth to the
top of the source is estimated at roughly 750 feet, but the drill hole should
sample to about 1500 for a proper evaluation.

s

HEINRICHS GEOEBRPLONRATION COMPANTY



If this initial drilling gives encouraging results, additional
geophysical targets can be selected by reference to the surface pro-
jected anomalism on the plan map and its ‘correlation with all ‘other
jnformation available. The weaker fringes of IP response should also
be given some consideration, particularly if in areas of geochemical
or geological interest. In some districts, the weaker IP Zones can .
be of more interest than the stronger zones which may only be reflect-
ing higher pyrite concentrations. In this area, because of the moder-
ate to low strength sulfide concentrations indicated, initial atten-
tion has been focused on the strongest response in the hope it would
have the highest probability of being economically significant.

The previous geophysical coverage in the edst half of the claim
group was soméwhat randomly situated and internally. inconsistent,
making it difficult to properly interpret and correlate with the rec-
ent coverage. Therefore, additional N-S IP coverage ‘oh 500 foot di-
pole lengths and 1000 foot 1iné separatiohs is recomiended east of Lifie
76W to give a complete and cohiérent geophysical assessment of the prop-
erty.

INTERPRETATION

The GEOEX coverage shows an elohgate, geherally N65°E trending IP
anomaly, deepéning (and probably wedkenihig) to the southwest, ranging
in relative strength from moderaté to very weak. The foderate and wedk
strength response is probably the most significant and defines a zone
500 to 1500 feet in width, and at least 4000 feet long; open-ended to
the east. A very weak ahomalous fringe adds about 500 feet of Width
to the zone and at least 1000 feet of strike length to tHe southwest.
Line 116W is considered to delimit the western end of the anbidly at
least to the depths searched, i.e., 1500 to 2000 feet below siirface.

Depth to the top of the anomaly source is varidble ahd difficult
to estimate. Lines 0-N/S and 78W Suggest roughly 750 fekt 56 the top;
Line 86 Suggests abouit 1000 feet; Line 96W betweén 1000 and 1500 feet,
and Line 106W deeper thah 1500 feet to the sourceé. Actually;. the tdE'
of the source may be a very gradatioral ifcredsé in polarizable content
rather than a sharply defined bourdary:

Depth extent of the anomaly sourcé is probably to at ledst 3666"
feet below surface in that Ho decreasé is indicated even on the déépest
coverage:

The anomaly response pattern is cotpatible with d fairly steeply
dipping, depth extended wide body; haying Tittle of rio resistivity cofi-
trast with its surroundings. The lack of resistivity contrast is soié-
what atypical but could be explained; for examplé, by silicification
{generally a high resistivity rock alteration product) counteracting
the effect of any eonductive polarizable iinerdlization présént.
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The cause of the anomalous polarization is likely metallic lustered
sulfide mineralization such as pyrite or.chalcopyrite, aﬁ;hough:other
metallic Tustered non-sulfide minerals, such as certain iron and, mangan-

ese oxides, or graphite. or conceivably even certain clay minerals, coyld

be contributing to, the response. In the strongest parts of. the anbmajy;

about 0.5 to, 2 percent total sulfide by volume (roughly. 1 gq\4,pgrEEQt 3
by weight); is, estimated; based on,the.interpretgd'sgugce,ggomEtry,andy¢qmr
parison, with "typical" disseminated sulfide zopgs in the southwestern, ™

U.S. The weaker fringing, response perhaps represents less thgnfq;é;tc

1 percent total sulfide by volume. ' ' . - )

These estimated sylfide concentrations are meant only as. a crude
relative guide and in practice are often found to be at coq§iaekabke‘
variance with actual sulfide assays. 'Rgggrdless}'tbg‘indigateq;pplfn;
izable concentration is high enough that the anomaly could be of 'economic
interest providing the ratio between qre polarizing mineral Eontgﬁt’Z§¢bb
as chalcopyrite, molybdenite, etc.) and non-ore polarizing wineral con-
tent (such as pyrite, magnetite, etc.) is reasopably high. '

Outside the angmaly, most of the area shows 3 rather low, uniform,
background IP respopse. The resistivity shows Titgle correlation gitn“
the IP. Lower resistivitias are noted on the north haiyes of the N-S
tines and near surface aleng m@%ﬁ:%ﬁ tine 116W and are probably caused
by abrﬁlgtﬁvely sonductive veneer gF giiuyium everlying the more resist-
ive bedrock. ' ‘

The self potentials are quite uniform over the area surveyed and
show no ebvigus correlation with the IP. Lack of ge]f'gotgntigi'lgus
implies g lack of actively oxidizing, relatively interconnected, conduct-
ive sulfides within severa] hundred feet of the surface. This {s pot ip
conflict with the IP which suggests a rather disseminated, ngt Rérgiﬁuiér-
1y conductive, deep sulfide zone in this case. S s

PROCEDURES

A GEQEX MK-4 multifrequency IR system was employed to obtain this
coverage with sending frequency pairs of 0.3 vs. 3.0 hz and 0.] vs. 1.0 hz.
The standard collinear dipgle-dipole array was used with both 500 and 1009
foot dipole lengths on a]] lines except Line O-N/§ which had 500 fpot dj-
poles oply. Data was obtained with "spreads" of five sending gle¢trQQgs
for the 1000 foot dipoje coverage and sevep sending electrodes for the 500
foot dipole coverage. ‘ ©

Sending-receiving dipole separations range from 1 to 6 dipole lengihs
on all lines and, typically, this should give resolvable depth pengtration
within the zone ranging from about 300 feet to as much as 2000 feet below
surface for the 1000 foot dipole coverage. The 500 foot djpo]e']ing§ .
would double the resolution but would penetrate only about one half as deep

as the 1000 foot dipole lines.

A total of 20.5 1ine miles of IP coverage was obtained on this survey,
of which 12.3 miles is "subsurface" plotted data. C
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The IP data are presented on "sectional” data sheets, one for each
spread, showing, from top to bottom; resistivity, percent frequency effect
(PFE), and metallic conduction factor (MCF) contoured in "sectional" form.
The self potential readings taken in conjunction with the IP readings are
shown at the bottom of the 500 foot dipole sectional sheets in profile
form. An "Induced Polarization Location and Interpretation Plan" is also
included showing the surface projected plan interpretation at a scale'of
1" = 40C' to overlay -the Cutlass geology and claim base maps.

Respectfully submitted,
Heinrichs GEOEXploration Company

Chris S. Ludwig
Chief Geophysicist
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COMMENTS ON DRILLING I.P. TARGETS

To maximize the probability that a recommended drill

‘hole will intersect the source of an induced polarization

anomaly, the following points should be considered:

1. The anomaly has been caused by some physical
property, hopefully a polarizable body containing economi-
cally interesting metallic mineralization, and this property
should be determined before abandoning the anomaly.

2. Location of drill holes should be made relative to

the actual sending and receiving electrode positions as they
exist on the ground.

3. Due to inherent limitations in the I.P. method,
depth interpretations are only approximate and the determi-
nation of dip is severely limited, particularly for angles
greater than 45°., Also, targets can generally be laterally
resolved no finer than the station spacing (dipole length).
Because of these limitations, targets less than one dipole
spacing in width, particularly when steeply dipping or deeper
than the dipole length, may be difficult to intersect. In
these cases, several drill holes in a fence 1ine should be
considered. For the steeply dipping cases, angle drilling
may alsoc prove advantageous, mainly where the direction of
dip can be geologically inferred and the drill hole oriented
such that an optimum intersection of the zone of interest
is obtained.

4. An observed anomaly can be the effect of a polarizable

~body laterally offset to the side of a 1ine and therefore,if

practical, drilling should be confined to those portions of
the anoma]ous zones well defined by severail lTines. Also, it
should be noted that a single line cannot define the strike
direction of an elongate anomalous zone - another reason for
utilizing several paraliel lines.

5. Logging of the drill core must be done with special
care to note the quantity of all pessible polarvzab?e material
such as pyrite, graphite, magnetite, manganese oxides and
clay minerals as well as the polarizable ore minerals. The
anomalous source could conceivably be 0veriooked if the core
is not carefully logged.

6. Typical sections of core representing the gross phy-
sical properties of material encountered in the drilling should
be tested in the laboratory for their I.P. parameters, if there
is some doubt about confirmation of the anomalous source.
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INTRODUCTION

At the request of Dr. R. H. Seraphim, Geological Consultant on
behalf of Cutlass Exploration and Development, Heinrichs GEOEXploration
Company completed an induced polarization (IP) survey on the Pinal Claim
Group, Papago Indian Reservation, Pinal County, Arizona. This survey
took place during the interim January 23 to February 7, 1974, after ini-
tial discussions and a brief field inspection by our Senior Geophysicist,
Mr. Paul A. Head, with Dr. Seraphim.

GEOEX personnel involved in the field work were Mr. Russell Jolliffe,
Geophysical Supervisor; Mr. Ronald Petersen, Geophysicist and Mr. Thomas
Downing, Technical Assistant. Interpretation and report are by Mr. Chris S.
Ludwig, Chief Geophysicist assisted by the GEOEX staff.

The purpose of this IP survey-was to detect and delineate any signi-
ficant subsurface sulfide zones in an area showing indications of dissem-
inated copper mineralization. Previous geophysical work in the eastern
half of the claim group indicated open-ended IP response to the west
which the GEOEX survey extended and closed off.

CONCLUSIONS AND RECOMMENDATIONS

A generally N65°E trending zone of probable sulfide caused anomalous
IP response, deepening to the west and about 1000 feet wide, was defined
which apparently correlates with the previous IP anomalism; extending it
from about 66W to 106W. This extended anomalism is of such size and strength
as to be of possible economic significance, particularly if there is a favor-
able ratio present of ore polarizing minerals to non-ore polarizing minerals.

Drilling is recommended to determine the economic potential of the IP
response. Two initial drill sites are suggested to test the strongest por-
tions of the anomaly at depth. (Please refer to the appended "Comments on
Drilling IP Targets" for further details on drilling.)

1. A vertical hole collared near 5S on Line 86W should test the IP
high within its strongest portion, in a previously undrilled area, and
apparently near favorable surface geologic indications. Top of the polar-
izable source is interpreted as being roughly 1000 feet deep, and the drill
hole should be programmed for at least 1500 feet total depth to obtain a
representative intersection of the causative subsurface source material.

2. A vertical hole is suggested near 0-N/S on Line 76W to test simi-
lar, somewhat shallower IP response than on Line 86W. This target is nearer
to previous deep drilling, which was apparently only marginally interesting,
and is therefore given a lower priority than the 86W target. Depth to the
top of the source is estimated at roughly 750 feet, but the drill hole should
sample to about 1500 for a proper evaluation.

- T =
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If this initial drilling gives encouraging results, additional
geophysical targets can be selected by reference to the surface pro-
jected anomalism on the plan map and its correlation with all other
information available. The weaker fringes of IP response should also
be given some consideration, particularly if in areas of geochemical
or geological interest. In some districts, the weaker IP zones can
be of more interest than the stronger zones which may only be reflect-
ing higher pyrite concentrations. In this area, because of the moder-
ate to Tow strength sulfide concentrations indicated, initial atten-
tion has been focused on the strongest response in the hope it would
have the highest probability of being economically significant.

The previous geophysical coverage in the east half of the claim
group was somewhat randomly situated and internally inconsistent,
making it difficult to properly interpret and correlate with the rec-
ent coverage. Therefore, additional N-S IP coverage on 500 foot di-
pole lengths and 1000 foot Tine separations is recommended east of Line
76W to give a complete and coherent geophysical assessment of the prop-
erty.

INTERPRETATION

The GEOEX coverage shows an elongate, generally N65°E trending IP
anomaly, deepening (and probably weakening) to the southwest, ranging
in relative strength from moderate to very weak. The moderate and weak
strength response is probably the most significant and defines a zone
500 to 1500 feet in width, and at least 4000 feet long; open-ended to
the east. A very weak anomalous fringe adds about 500 feet of width
to the zone and at least 1000 feet of strike Tength to the southwest.
Line 116W is considered to delimit the western end of the anomaly at
least to the depths searched, i.e., 1500 to 2000 feet below surface.

Depth to the top of the anomaly source is variable and difficult
to estimate. Lines 0-N/S and 76W suggest roughly 750 feet to the top.
Line 86W suggests about 1000 feet, Line 96W between 1000 and 1500 feet,
and Line 106W deeper than 1500 feet to the source. Actually, the top
of the source may be a very gradational increase in polarizable content
rather than a sharply defined boundary.

Depth extent of the anomaly source is probably to at Teast 2000
feet below surface in that no decrease is indicated even on the deepest
coverage.

The anomaly response pattern is compatible with a fairly steeply
dipping, depth extended wide body, having little or no resistivity con-
trast with its surroundings. The Tlack of resistivity contrast is some-
what atypical but could be explained, for example, by silicification
(generally a high resistivity rock alteration product) counteracting
the effect of any conductive polarizable mineralization present.

HEINRICHS GEOEXPLORATION COMPANY



The cause of the anomalous polarization is 1ikely metallic lustered
sulfide mineralization such as pyrite or chalcopyrite, although other
metallic lustered non-sulfide minerals, such as certain iron and mangan-
ese oxides, or graphite or conceivably even certain clay minerals, could
be contributing to the response. In the strongest parts of the anomaly,
about 0.5 to 2 percent total sulfide by volume (roughly 1 to 4 percent
by weight) is estimated based on the interpreted source geometry and com-
parison with "typical" disseminated sulfide zones in the southwestern
U.S. The weaker fringing response perhaps represents less than 0.5 to
1 percent total sulfide by volume.

These estimated sulfide concentrations are meant only as a crude
relative guide and in practice are often found to be at considerable
variance with actual sulfide assays. Regardless, the indicated polar-
izable concentration is high enough that the anomaly could be of economic
interest providing the ratio between ore polarizing mineral content (such
as chalcopyrite, molybdenite, etc.) and non-ore polarizing mineral con-
tent (such as pyrite, magnetite, etc.) is reasonably high.

Outside the anomaly, most of the area shows a rather low, uniform,
background IP response. The resistivity shows little correlation with
the IP. Lower resistivities are noted on the north halves of the N-S
lines and near surface along most of Line 116W and are probably caused
by a relatively conductive veneer of alluvium overlying the more resist-
ive bedrock.

The self potentials are quite uniform over the area surveyed and
show no obvious correlation with the IP. Lack of self potential Tows
implies a lack of actively oxidizing, relatively interconnected, conduct-
ive sulfides within several hundred feet of the surface. This is not in
conflict with the IP which suggests a rather disseminated, not particular-
1y conductive, deep sulfide zone in this case.

PROCEDURES

A GEOEX MK-4 multifrequency IP system was employed to obtain this
coverage with sending frequency pairs of 0.3 vs. 3.0 hz and 0.1 vs. 1.0 hz.
The standard collinear dipole-dipole array was used with both 500 and 1000
foot dipole lengths on all Tlines except Line 0-N/S which had 500 foot di-
poles only. Data was obtained with "spreads" of five sending electrodes
for the 1000 foot dipole coverage and seven sending electrodes for the 500
foot dipole coverage.

Sending-receiving dipole separations range from 1 to 6 dipole lengths
on all Tines and, typically, this should give resolvable depth penetration
within the zone ranging from about 300 feet to as much as 2000 feet below
surface for the 1000 foot dipole coverage. The 500 foot dipole Tines
would double the resolution but would penetrate only about one half as deep
as the 1000 foot dipole lines.

A total of 20.5 1ine miles of IP coverage was obtained on this survey,
of which 12.3 miles is "subsurface" plotted data.
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The IP data are presented on "sectional" data sheets, one for each
spread, showing, from top to bottom; resistivity, percent frequency effect
(PFE), and metallic conduction factor (MCF) contoured in "sectional" form.
The self potential readings taken in conjunction with the IP readings are
shown at the bottom of the 500 foot dipole sectional sheets in profile
form. An "Induced Polarization Location and Interpretation Plan" is also

included showing the surface projected plan interpretation at a scale of
1" = 400" to overlay the Cutlass geology and claim base maps.

Respectfully submitted,

Heinrichs GEOEXploration Company

Chris S. Ludwig
Chief Geophysicist
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COMMENTS ON DRILLING I.P. TARGETS

‘To maximize the probability that a recommended drill
hole will intersect the source of an induced polarization
anomaly, the following points should be considered:

1. The anomaly has been caused by some physical
property, hopefully a polarizable body containing economi-
cally interesting metallic mineralization, and this property
should be determined before abandoning the anomaly.

2. Location of drill holes should be made relative to
the actual sending and receiving electrode positions as they
exist on the ground.

3. Due to inherent 1imitations in the I.P. method,
depth interpretations are only approximate and the determi-
nation of dip is severely limited, particularly for angles
greater than 45°. Also, targets can generally be laterally
resolved no finer than the station spacing (dipole length).
Because of these limitations, targets less than one dipole
spacing in width, particularly when steeply dipping or deeper
than the dipole length, may be difficult to intersect. In
these cases, several drill holes in a fence 1line should be
considered. For the steeply dipping cases, angle drilling
may also prove advantageous, mainly where the direction of
dip can be geologically inferred and the drill hole oriented
such that an optimum intersection of the zone of interest
is obtained.

4, An observed anomaly can be the effect of a polarizable
~body laterally offset to the side of a 1ine and therefore,if
practical, drilling should be confined to those portions of

the anomalous zones well defined by several lines. Also, it
should be noted that a single line cannot define the strike
direction of an elongate anomalous zone - another reason for
utilizing several parallel lines.

5. Logging of the drill core must be done with special
care to note the quantity of all possible polarizable material
such as pyrite, graphite, magnetite, manganese oxides and
clay minerals as well as the polarizable ore minerals. The
anomalous source could conceivably be overlooked if the core
is not carefully logged.

6. Typical sections of core representing the gross phy-
sical properties of material encountered in the drilling should
be tested in the laboratory for their I.P. parameters, if there
is some doubt about confirmation of the anomalous source.

HEINRICHS GEOEXPLORATION COMPANY
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