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INTRODUCTION

At the request of Mr. William L. Josey of The Superior 0il Company,
Minerals Division, Heinrichs GEOEXploration Company completed a semi-
reconnaissance induced polarization (IP) survey in the Buckeye Area,
Maricopa County, Arizona. Field work on this project took place during
the interim May 3 to May 26, 1977, with Glenn M. Fisher as GEOEX crew
chief supervised by Chris S. Ludwig, Chief Geophysicist.

The purpose of this survey was to Tocate and define possible sub-
surface sulfide mineralization at depths down to 2000 or 3000 feet below
surface in an area showing scattered surface copper mineralization and
minor hydrothermal alteration. Rock types reportedly involved are Pre-
cambrian granitics and greenstones overlain by Tertiary (?) andesitic
volcanics and several Quaternary basaltic flow remnants, mainly in the
north part of the area surveyed.

CONCLUSIONS AND RECOMMENDATIONS

The initial main zone of interest found in this survey is an arcuate
easterly-westerly elongated weak IP anomaly on Lines 1, 2, 5 and 6, trending
centrally through Section 22 and the southeast quarter of Section 21. This
zone would appear to have a rather deeply buried source, on the order of
1800 to 2400 feet below surface, and is roughly 1500 to 2000 feet wide. It
lies just north of or on a major N70E trending electrical interface that is
a probable major steeply dipping geologic contact.

Because of the large dipole lengths used and the rather Tow resistiv-
ities involved, some telluric noise and electromagnetic (EM) coupling inter-
ference was present that contributed to the weak IP anomaly. After obtain-
ing more accurate data with 1200 foot dipole detail coverage and making cor-
rections for EM coupling effects, the anomalous IP response was substantial-
1y reduced. The remaining very weak anomalism is not recommended as a drill
target unless there are other positive and directly correlating factors such
as associated increased alteration, structural intersections or increased
surface mineralization.

As these factors are apparently not present, no further work is recom-
mended on this zone at this time.

Somewhat stronger IP anomalism is present on the north ends of Lines 3
and 4, near and on exposures of the Quaternary basalt. This response cor-
relates with a zone of anomalism partially delineated on an IP survey run in
1971 by GEOEX for Sierra Mineral Management. Superior has obtained a copy
of our report from the property owners and these data can therefore be in-
corporated and discussed here.
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These previous results disclose a moderately strong IP anomaly whose
source appears to be relatively flat-lying and mainly confined to within 500
feet of the surface. The anomalism is within a rather conductive zone near
the basalt flow remnants and it was speculated that a shallow, thin, IP re-
sponsive clay layer might be present below the basalt. Apparently, this
zone was never drilled. However, Superior reports that shallow engineering
test drilling several miles to the north has disclosed a clay layer about
100 feet thick just below similar Quaternary basalt flow remnants. In all
likelihood, this or a similar clay layer is also present below the basalt
in this project area and explains the anomalous IP results.

In that there appears to be no mitigating plus factors such as inter-
esting surface mineralization or alteration correlating with this anomalism
in the north part of the area, no further work is recommended unless for
technical or other reasons it is desired to verify the clay layer interpret-
ation. Such could perhaps be justified on the basis that certain volcanic
ash derived clays have been found to contain potentially economic concen-
trations of lithium in Arizona as are present near Kirkland. Also, zeolites
and uranium can occur in this environment. Montmorillonite is generally be-
lieved to be the main clay mineral responsible for clay IP response and there-
fore a bentonite clay bed is a likely possibility in this case. And, if the
proper quality bentonite is present, it could conceivably be a useful product.
It is realized that these possibilities are quite speculative on an economic
basis and are not the normal exploration targets of The Superior 0il1 Company.

Based on all the geophysical data available, the best area to test the
clay anomaly would be near station 150E on Line 2 of the 1971 survey. This
site is about 2000 feet east of the west quarter corner of Section 34, T. 1 S.,
R. 7 W. A 500 foot programmed vertical hole should suffice to penetrate
through the zone of interest.

INTERPRETATION

Line 1 The initial 2000 foot dipole traverse (Spread 1) shows a weak but
fairly well defined IP anomaly mainly between stations 0-NW/SE and 30SE. The
source is interpreted to be buried about 2000 feet and is compatible with a
steeply dipping tabular body about 2000 feet wide. The anomaly may be related
to a pronounced resistivity interface located near 40SE. This interface appears
to be steeply dipping and separates high resistivity material, perhaps green-
stones on the south, from lower resistivity material, perhaps volcanics and
alluvium on the north.

This anomaly is best developed on the higher frequency PFEs, i.e., those
read at 1.0 and 0.1hz. However, the lower frequency PFEs read at 0.3 and 0.1hz
show a correlating slightly weaker but less well defined anomaly. It was be-
lieved that EM coupling was not a major factor here in that the response was
only slightly diminished by dropping the higher frequency from 1.0hz to 0.3hz
and that the poorer definition at 0.3hz was due to more interfering noise as is
typical at lower frequencies.
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The more detailed and higher quality (less noise) coverage on 1200
foot dipoles (Spread 2) shows a higher frequency PFE anomaly between about
8SE and 38SE that corresponds to the Spread 1 anomaly very well. Based on
dipole length - depth penetration equivalences, the n=3 data on the 2000
foot dipole coverage should give a response similar to the n=5 and 6 data
with 1200 foot dipoles, and such is the case here. However, the Tower fre-
quency PFEs on Spread 2 are much weaker, in fact barely above background
and suggest that the higher frequency anomaly is mainly or entirely due to
EM coupling even though, based on a simple layered or homogenous earth model,
much Tess coupling was predicted. It is speculated that this "anomalous"
coupling is due to eddy current bunching effects near the steeply dipping
interface present near 44SE.

To further verify the EM coupling interpretation, an empirical decoup-
1ing method was employed on the Spread 2 data. This was done with the PFE
data read on 1.0, 0.3 and 0.1hz and also the 3.0, 1.0 and 0.3hz data. The
result of these corrections also indicates that the majority of the anoma-
lous response is due to EM coupling. From this it can be presumed that the
misleading Tow frequency PFE results on Spread 1 are primarily due to the
high telluric noise level present while reading the line.

In summary, contrary to initial interpretation, the anomaly is probably
mostly or entirely due to EM coupling. Any residual true IP response is too
weak to be of much interest as a sulfide target.

The remainder of Line 1 shows little of interest except for a very weak,
shallow anomaly between 70NW and 100NW. This anomaly is too weak to be of
much interest and perhaps represents a local zone of near-surface IP respon-
sive clay as was likely encountered on the north ends of Lines 3 and 4.

Line 2 IP response similar to the Line 1, Spread 1 anomalism is also
present on Line 2. The Tow frequency PFEs are again lower than the high fre-
quency PFEs; to a somewhat greater degree than on Line 1. However, the low
frequency PFEs still show two anomalous zones, one centered near 35NW and
one near 50SE. Both of these anomalies are directly north of (and on the low
resistivity side of) resistivity interfaces, near 10NW and 60SE, similar to
the Line 1 interface present near 44SE. Because of this similarity of re-
sponse, it is also expected that most or all of the Line 2 anomalism is due
to EM coupling.

Line 3 This traverse shows anomalous higher frequency PFEs at depth
along most of the traverse. However, the lower frequency data, due to re-
duced EM coupling, is anomalous only on the north end of the line, north of
about station 70NW. This response appears relatively shallow and is located
on and near a basalt flow remnant and 1likely corresponds to the probable
clay anomalism discussed in the Conclusions and Recommendations section of
this report.

Quite low resistivities are seen north of station 4QNw'whe(e a pro-
nounced resistivity interface is present. These Tow resistivities persist
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to the deepest data in such a manner that a very thick source, probably
volcanics, is implied, perhaps in excess of 3000 feet. Somewhat higher
resistivity is locally present near 70NW where the traverse crosses a
steep basalt capped hill.

A shallow, weak, IP anomaly was delineated near the Butte Mine by
Canadian Aero in 1968 using a 500 foot dipole spacing. Their response de-
fined a source about 1000 feet wide and 3000 feet long, oriented northwest-
southeast and centered near GEOEX station 40SE on Line 3. Line 3 shows no

appreciable anomalism in this area. However, the 1968 anomaly appears to
have a source confined to within the upper 200 or 250 feet of the surface
and would therefore probably not be detected by 2000 foot dipole coverage
unless the response were considerably stronger.

Line 4 The resistivity and IP response on Line 4 is quite similar to
Line 3. The main resistivity interface is seen near 30SE and again indi-
cates a very thick and conductive volcanic section lying north thereof.
The Tower frequency PFE response is again anomalous on the north end of the
line, particularly north of approximately 100NW where moderately strong
effects are present. This anomalism appears to correlate with the presumed
clay IP response zone discussed previously.

Considerable telluric noise was present while reading the south half
of the Tine and some of the deeper IP readings could not be obtained. How-
ever, the data that was obtained, through n=4, shows no significant increase
with depth and the results are considered conclusively negative down to at
least 2000 feet below surface.

Line 5 This is a detail 1200 foot dipole line situated about 1800 feet
northeast of Line 1 and shows response quite similar to that seen on Spread
2 of Line 1. Again, the lower frequency PFE data is substantially weaker
than the higher frequency data. Two very weak lower frequency anomalies re-
main, one between 6NW and 12SE and the other lying north of 30NW. As on
Line 1, the remaining response is too low to be considered a good IP drill-
ing target without other encouraging correlating factors being present.

A steeply dipping resistivity interface is noted near 24SE that appears
to correlate with the interface present near 44SE on Line 1 and is again
presumed largely responsible for the anomalous EM coupling effects seen on
the higher frequency PFE data.

Line 6 This 1line is located about 1800 feet southwest of Line 1. The
IP response on both frequency pairs is somewhat lower than seen on Lines 1
and 5. The residual lower frequency data shows only a very weak, small,
possible anomaly centered near 6SE, again lying just north of a resistivity
interface. The interface in this case is positioned near 18SE and corre-
lation with Lines 1, 2 and 5 defines a N70E contact strike.
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PROCEDURES

A GEOEX Mark 4 multi-frequency IP system was used on this survey.

To allow making optimum EM coupling corrections, four transmitting fre-
quencies were used on all Tines: 0.1, 0.3, 1.0 and 3.0hz. The standard
collinear dipole-dipole array with "spreads" of seven transmitting elec-
trodes was employed. An initial dipole length of 2000 feet was used on
Lines 1 through 4 for the reconnaissance coverage. More detailed follow-
up coverage with a dipole length of 1200 feet was obtained on Lines 5 and
6 and Spread 2 of Line 1.

A1l Tines were oriented N30°W and Lines 1 through 4 were centered at
claim corners specified by Superior. Stations are designated in hundreds
of feet slope distance from the center points.

Sending-receiving dipole separations range from 1 to 6 dipole lengths
on all seven traverses and typically, for 2000 foot dipoles, this should
yield a resolvable depth of penetration from about 600 feet down to per-
haps 3000 feet below surface. The 1200 foot dipoles would have a pro-
portionally reduced penetration but with a corresponding increase in res-
olution. A 0.1, 0.2 and 0.5 dipole separation reading was also taken on
each half of the four 2000 foot dipole lines to obtain extra shallow in-
formation for control on possible near-surface conductive Tayers.

Data are presented on "sectional" data sheets, one for each spread,
showing successively from top to bottom: the resistivity, the percent fre-
quency effect (PFE) at 0.1 and 1,0hz, and the PFE X 2.1 (decade normalized)
at 0.1 and 0.3hz, all contoured in "sectional" form. Metallic conduction
factors were not felt to be particularly definitive in this environment and
are not presented. Decoupling routines using PFEs at 1.0, 0.3 and 0.1hz
and 3.0, 1.0 and 0.3hz were also employed to give additional interpretational
leverage.

An "Induced Polarization Location and Interpretation Plan" at a scale of
1" = 2000' to overlay the Superior topographic base map is included to show
the traverse locations and plan projected IP-resistivity interpretations.
Respectfully submitted,

Heinrichs GEOEXploration Company

Chris S. Ludwig
Chief Geophysicist

CSL:mt

HEINRICHS GEOEXPLORATION COMPANY



Induced Polarization Survey

Buckeye Area

Maricopa County, Arizona

for

The Superior 0i1 Company

Minerals Division

Tucson, Arizona

June 1977

by

Heinrichs GEOEXploration Company
P.0. Box 5964, Tucson, AZ 85703

GEOEX Job #1171

HEINRICHS GHORXPLORATION COMPANY



CONTENTS

Introduction-===-=-eccmmmmm e
Conclusions and Recommendations----------
Interpretation-------=---ccmmmcmmccceo
Procedures---e~=ccmcmccmmm e

Sectional Data Sheets
Line 1, Spread 1, 2000' Dipoles

Line 2, 2000' Dipoles
Line 3, 2000' Dipoles
Line 4, 2000' Dipoles
Line 1, Spread 2, 1200' Dipoles
Line 5, 1200' Dipoles
Line 6, 1200' Dipoles

In Map Pocket

Induced Polarization Location and Interpretation Plan

HEINRICHS GREOEHXPLORATION COMPANY



INTRODUCTION

At the request of Mr. William L. Josey of The Superior 0i1 Company,
Minerals Division, Heinrichs GEOEXploration Company completed a semi-
reconnaissance induced polarization (IP) survey in the Buckeye Area,
Maricopa County, Arizona. Field work on this project took place during
the interim May 3 to May 26, 1977, with Glenn M. Fisher as GEOEX crew
chief supervised by Chris S. Ludwig, Chief Geophysicist.

The purpose of this survey was to locate and define possible sub-
surface sulfide mineralization at depths down to 2000 or 3000 feet below
surface in an area showing scattered surface copper mineralization and
minor hydrothermal alteration. Rock types reportedly involved are Pre-
cambrian granitics and greenstones overlain by Tertiary (?) andesitic
volcanics and several Quaternary basaltic flow remnants, mainly in the
north part of the area surveyed.

CONCLUSIONS AND RECOMMENDATIONS

The initial main zone of interest found in this survey is an arcuate
easterly-westerly elongated weak IP anomaly on Lines 1, 2, 5 and 6, trending
centrally through Section 22 and the southeast quarter of Section 21. This
zone would appear to have a rather deeply buried source, on the order of
1800 to 2400 feet below surface, and is roughly 1500 to 2000 feet wide. It
lies just north of or on a major N70E trending electrical interface that is
a probable major steeply dipping geologic contact.

Because of the large dipole lengths used and the rather low resistiv-
ities involved, some telluric noise and electromagnetic (EM) coupling inter-
ference was present that contributed to the weak IP anomaly. After obtain-
ing more accurate data with 1200 foot dipole detail coverage and making cor-
rections for EM coupling effects, the anomalous IP response was substantial-

"1y reduced. The remaining very weak anomalism is not recommended as a drill
target unless there are other positive and directly correlating factors such
as associated increased alteration, structural intersections or increased
surface mineralization.

As these factors are apparently not present, no further work is recom-
mended on this zone at this time.

Somewhat stronger IP anomalism is present on the north ends of Lines 3
and 4, near and on exposures of the Quaternary basalt. This response cor-
relates with a zone of anomalism partially delineated on an IP survey run in
1971 by GEOEX for Sierra Mineral Management. Superior has obtained a copy
of our report from the property owners and these data can therefore be in-
corporated and discussed here.
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These previous results disclose a moderately strong IP anomaly whose
source appears to be relatively flat-lying and mainly confined to within 500
feet of the surface. The anomalism is within a rather conductive zone near
the basalt flow remnants and it was speculated that a shallow, thin, IP re-
sponsive clay layer might be present below the basalt. Apparently, this
zone was never drilled. However, Superior reports that shallow engineering
test drilling several miles to the north has disclosed a clay layer about
100 feet thick just below similar Quaternary basalt flow remnants. In all
likelihood, this or a similar clay layer is also present below the basalt
in this project area and explains the anomalous IP results.

In that there appears to be no mitigating plus factors such as inter-
esting surface mineralization or alteration correlating with this anomalism
in the north part of the area, no further work is recommended unless for
technical or other reasons it is desired to verify the clay layer interpret-
ation. Such could perhaps be justified on the basis that certain volcanic
ash derived clays have been found to contain potentially economic concen-
trations of lithium in Arizona as are present near Kirkland. Also, zeolites
and uranium can occur in this environment. Montmorillonite is generally be-
lieved to be the main clay mineral responsible for clay IP response and there-
fore a bentonite clay bed is a likely possibility in this case. And, if the
proper quality bentonite is present, it could conceivably be a useful product.
It is realized that these possibilities are quite speculative on an economic
basis and are not the normal exploration targets of The Superior 0il Company.

Based on all the geophysical data available, the best area to test the
clay anomaly would be near station 150E on Line 2 of the 1971 survey. This
site is about 2000 feet east of the west quarter corner of Section 34, T. 1S.,
R. 7 W. A 500 foot programmed vertical hole should suffice to penetrate
through the zone of interest.

INTERPRETATION

Line 1 The initial 2000 foot dipole traverse (Spread 1) shows a weak but
fairly well defined IP anomaly mainly between stations O-NW/SE and 30SE. The
source is interpreted to be buried about 2000 feet and is compatible with a
steeply dipping tabular body about 2000 feet wide. The anomaly may be related
to a pronounced resistivity interface located near 40SE. This interface appears
to be steeply dipping and separates high resistivity material, perhaps green-
stones on the south, from lower resistivity material, perhaps volcanics and
alluvium on the north.

This anomaly is best developed on the higher frequency PFEs, i.e., those
read at 1.0 and 0.1hz. However, the lower frequency PFEs read at 0.3 and 0.1hz
show a correlating slightly weaker but less well defined anomaly. It was be-
lieved that EM coupling was not a major factor here in that the response was
only slightly diminished by dropping the higher frequency from 1.0hz to 0.3hz
and that the poorer definition at 0.3hz was due to more interfering noise as is
typical at lower frequencies.
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The more detailed and higher quality (less noise) coverage on 1200
foot dipoles (Spread 2) shows a higher frequency PFE anomaly between about
8SE and 38SE that corresponds to the Spread 1 anomaly very well. Based on
dipole length - depth penetration equivalences, the n=3 data on the 2000
foot dipole coverage should give a response similar to the n=5 and 6 data
with 1200 foot dipoles, and such is the case here. However, the lower fre-
quency PFEs on Spread 2 are much weaker, in fact barely above background
and suggest that the higher frequency anomaly is mainly or entirely due to
EM coupling even though, based on a simple layered or homogenous earth model,
much less coupling was predicted. It is speculated that this "anomalous"
coupling is due to eddy current bunching effects near the steeply dipping
interface present near 44SE.

To further verify the EM coupling interpretation, an empirical decoup-
ling method was employed on the Spread 2 data. This was done with the PFE
data read on 1.0, 0.3 and 0.1hz and also the 3.0, 1.0 and 0.3hz data. The
result of these corrections also indicates that the majority of the anoma-
Tous response is due to EM coupling. From this it can be presumed that the
misleading low frequency PFE results on Spread 1 are primarily due to the
high telluric noise level present while reading the line.

In summary, contrary to initial interpretation, the anomaly is probably
mostly or entirely due to EM coupling. Any residual true IP response is too
weak to be of much interest as a sulfide target.

The remainder of Line 1 shows little of interest except for a very weak,
shallow anomaly between 70NW and 100NW. This anomaly is too weak to be of
much interest and perhaps represents a local zone of near-surface IP respon-
sive clay as was likely encountered on the north ends of Lines 3 and 4.

Line 2 IP response similar to the Line 1, Spread 1 anomalism is also
present on Line 2. The low frequency PFEs are again lower than the high fre-
quency PFEs; to a somewhat greater degree than on Line 1. However, the Tow
frequency PFEs still show two anomalous zones, one centered near 35NW and
one near 50SE. Both of these anomalies are directly north of (and on the low
resistivity side of) resistivity interfaces, near 10NW and 60SE, similar to
the Line 1 interface present near 44SE. Because of this similarity of re-
sponse, it is also expected that most or all of the Line 2 anomalism is due
to EM coupling.

Line 3 This traverse shows anomalous higher frequency PFEs at depth
along most of the traverse. However, the lower frequency data, due to re-
duced EM coupling, is anomalous only on the north end of the line, north of
about station 70NW. This response appears relatively shallow and is located
on and near a basalt flow remnant and 1ikely corresponds to the probable
clay anomalism discussed in the Conclusions and Recommendations section of
this report.

Quite low resistivities are seen north of station 4QNN_where a pro-
nounced resistivity interface is present. These Tow resistivities persist
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to the deepest data in such a manner that a very thick source, probably
volcanics, is implied, perhaps in excess of 3000 feet. Somewhat higher
resistivity is locally present near 70NW where the traverse crosses a
steep basalt capped hill.

A shallow, weak, IP anomaly was delineated near the Butte Mine by
Canadian Aero in 1968 using a 500 foot dipole spacing. Their response de-
fined a source about 1000 feet wide and 3000 feet long, oriented northwest-
southeast and centered near GEOEX station 40SE on Line 3. Line 3 shows no
appreciable anomalism in this area. However, the 1968 anomaly appears to
have a source confined to within the upper 200 or 250 feet of the surface
and would therefore probably not be detected by 2000 foot dipole coverage
unless the response were considerably stronger.

Line 4 The resistivity and IP response on Line 4 is quite similar to
Line 3. The main resistivity interface is seen near 30SE and again indi-
cates a very thick and conductive volcanic section lying north thereof.
The Tower frequency PFE response is again anomalous on the north end of the
line, particularly north of approximately 100NW where moderately strong
effects are present. This anomalism appears to correlate with the presumed
clay IP response zone discussed previously.

Considerable telluric noise was present while reading the south half
of the Tine and some of the deeper IP readings could not be obtained. How-
ever, the data that was obtained, through n=4, shows no significant increase
with depth and the results are considered conclusively negative down to at
least 2000 feet below surface.

Line 5 This is a detail 1200 foot dipole line situated about 1800 feet
northeast of Line 1 and shows response quite similar to that seen on Spread
2 of Line 1. Again, the lower frequency PFE data is substantially weaker
than the higher frequency data. Two very weak lower frequency anomalies re-
main, one between 6NW and 12SE and the other lying north of 30NW. As on
Line 1, the remaining response is too low to be considered a good IP drill-
ing target without other encouraging correlating factors being present.

A steeply dipping resistivity interface is noted near 24SE that appears
to correlate with the interface present near 44SE on Line 1 and is again
presumed largely responsible for the anomalous EM coupling effects seen on
the higher frequency PFE data.

Line 6 This line is located about 1800 feet southwest of Line 1. The
IP response on both frequency pairs is somewhat lower than seen on Lines 1
and 5. The residual lower frequency data shows only a very weak, small,
possible anomaly centered near 6SE, again lying just north of a resistivity
interface. The interface in this case is positioned near 18SE and corre-
lation with Lines 1, 2 and 5 defines a N70E contact strike.
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PROCEDURES

A GEOEX Mark 4 multi-frequency IP system was used on this survey.
To allow making optimum EM coupling corrections, four transmitting fre-
quencies were used on all Tines: 0.1, 0.3, 1.0 and 3.0hz. The standard
collinear dipole-dipole array with "spreads" of seven transmitting elec-
trodes was employed. An initial dipole length of 2000 feet was used on
Lines 1 through 4 for the reconnaissance coverage. More detailed follow-
up coverage with a dipole length of 1200 feet was obtained on Lines 5 and
6 and Spread 2 of Line 1.

A11 Tlines were oriented N30°W and Lines 1 through 4 were centered at
claim corners specified by Superior. Stations are designated in hundreds
of feet slope distance from the center points.

Sending-receiving dipole separations range from 1 to 6 dipole lengths
on all seven traverses and typically, for 2000 foot dipoles, this should
yield a resolvable depth of penetration from about 600 feet down to per-
haps 3000 feet below surface. The 1200 foot dipoles would have a pro-
portionally reduced penetration but with a corresponding increase in res-
olution. A 0.1, 0.2 and 0.5 dipole separation reading was also taken on
each half of the four 2000 foot dipole lines to obtain extra shallow in-
formation for control on possible near-surface conductive layers.

Data are presented on "sectional" data sheets, one for each spread,
showing successively from top to bottom: the resistivity, the percent fre-
quency effect (PFE) at 0.1 and 1,0hz, and the PFE X 2.1 (decade normalized)
at 0.1 and 0.3hz, all contoured in "sectional" form. Metallic conduction
factors were not felt to be particularly definitive in this environment and
are not presented. Decoupling routines using PFEs at 1.0, 0.3 and 0.1hz
and 3.0, 1.0 and 0.3hz were also employed to give additional interpretational
leverage.

An "Induced Polarization Location and Interpretation Plan" at a scale of
1" = 2000' to overlay the Superior topographic base map is included to show
the traverse locations and plan projected IP-resistivity interpretations.
Respectfully submitted,
Heinrichs GEOEXploration Company

Chris S. Ludwig
Chief Geophysicist
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INTRODUCTION

At the request of Mr. William L. Josey of The Superior 0il Company,
Minerals Division, Heinrichs GEOEXploration Company completed a semi-
reconnaissance induced polarization (IP) survey in the Buckeye Area,
Maricopa County, Arizona. Field work on this project took place during
the interim May 3 to May 26, 1977, with Glenn M. Fisher as GEOEX crew
chief supervised by Chris S. Ludwig, Chief Geophysicist.

The purpose of this survey was to locate and define possible sub-
surface sulfide mineralization at depths down to 2000 or 3000 feet below
surface in an area showing scattered surface copper mineralization and
minor hydrothermal alteration. Rock types reportedly involved are Pre-
cambrian granitics and greenstones overlain by Tertiary (?) andesitic
volcanics and several Quaternary basaltic flow remmants, mainly in the
north part of the area surveyed.

CONCLUSIONS AND RECOMMENDATIONS

The initial main zone of interest found in this survey is an arcuate
easterly-westerly elongated weak IP anomaly on Lines 1, 2, 5 and 6, trending
centrally through Section 22 and the southeast quarter of Section 21. This
zone would appear to have a rather deeply buried source, on the order of
1800 to 2400 feet below surface, and is roughly 1500 to 2000 feet wide. It
lies just north of or on a major N70E trending electrical interface that is
a probable major steeply dipping geologic contact.

Because of the large dipole lengths used and the rather low resistiv-
ities involved, some telluric noise and electromagnetic (EM) coupling inter-
ference was present that contributed to the weak IP anomaly. After obtain-
ing more accurate data with 1200 foot dipole detail coverage and making cor-
rections for EM coupling effects, the anomalous IP response was substantial-

"1y reduced. The remaining very weak anomalism is not recommended as a drill
target unless there are other positive and directly correlating factors such
as associated increased alteration, structural intersections or increased
surface mineralization.

As these factors are apparently not present, no further work is recom-
mended on this zone at this time.

Somewhat stronger IP anomalism is present on the north ends of Lines 3
and 4, near and on exposures of the Quaternary basalt. This response cor-
relates with a zone of anomalism partially delineated on an IP survey run in
1971 by GEOEX for Sierra Mineral Management. Superior has obtained a copy
of our report from the property owners and these data can therefore be in-
corporated and discussed here.
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These previous results disclose a moderately strong IP anomaly whose
source appears to be relatively flat-lying and mainly confined to within 500
feet of the surface. The anomalism is within a rather conductive zone near
the basalt flow remnants and it was speculated that a shallow, thin, IP re-
sponsive clay layer might be present below the basalt. Apparently, this
zone was never drilled. However, Superior reports that shallow engineering
test drilling several miles to the north has disclosed a clay layer about
100 feet thick just below similar Quaternary basalt flow remnants. In all
likelihood, this or a similar clay layer is also present below the basalt
in this project area and explains the anomalous IP results.

In that there appears to be no mitigating plus factors such as inter-
esting surface mineralization or alteration correlating with this anomalism
in the north part of the area, no further work is recommended unless for
technical or other reasons it is desired to verify the clay layer interpret-
ation. Such could perhaps be justified on the basis that certain volcanic
ash derived clays have been found to contain potentially economic concen-
trations of 1lithium in Arizona as are present near Kirkland. Also, zeolites
and uranium can occur in this environment. Montmorillonite is generally be-
lieved to be the main clay mineral responsible for clay IP response and there-
fore a bentonite clay bed is a likely possibility in this case. And, if the
proper quality bentonite is present, it could conceivably be a useful product.
It is realized that these possibilities are quite speculative on an economic
basis and are not the normal exploration targets of The Superior 0il Company.

Based on all the geophysical data available, the best area to test the
clay anomaly would be near station 150E on Line 2 of the 1971 survey. This
site is about 2000 feet east of the west quarter corner of Section 34, T. 1 S.,
R. 7 W. A 500 foot programmed vertical hole should suffice to penetrate
through the zone of interest.

INTERPRETATION

Line 1 The initial 2000 foot dipole traverse (Spread 1) shows a weak but
fairly well defined IP anomaly mainly between stations 0-NW/SE and 30SE. The
source is interpreted to be buried about 2000 feet and is compatible with a
steeply dipping tabular body about 2000 feet wide. The anomaly may be related
to a pronounced resistivity interface located near 40SE. This interface appears
to be steeply dipping and separates high resistivity material, perhaps green-
stones on the south, from lower resistivity material, perhaps volcanics and
alluvium on the north.

This anomaly is best developed on the higher frequency PFEs, i.e., those
read at 1.0 and 0.1hz. However, the lower frequency PFEs read at 0.3 and 0.Thz
show a correlating slightly weaker but less well defined anomaly. It was be-
lieved that EM coupling was not a major factor here in that the response was
only slightly diminished by dropping the higher frequency from 1.0hz to 0.3hz
and that the poorer definition at 0.3hz was due to more interfering noise as is
typical at lower frequencies.
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The more detailed and higher quality (less noise) coverage on 1200
foot dipoles (Spread 2) shows a higher frequency PFE anomaly between about
8SE and 38SE that corresponds to the Spread 1 anomaly very well. Based on
dipole length - depth penetration equivalences, the n=3 data on the 2000
foot dipole coverage should give a response similar to the n=5 and 6 data
with 1200 foot dipoles, and such is the case here. However, the lower fre-
quency PFEs on Spread 2 are much weaker, in fact barely above background
and suggest that the higher frequency anomaly is mainly or entirely due to
EM coupling even though, based on a simple layered or homogenous earth model,
much less coupling was predicted. It is speculated that this "anomalous"
coupling is due to eddy current bunching effects near the steeply dipping
interface present near 44SE.

To further verify the EM coupling interpretation, an empirical decoup-
1ing method was employed on the Spread 2 data. This was done with the PFE
data read on 1.0, 0.3 and 0.1hz and also the 3.0, 1.0 and 0.3hz data. The
result of these corrections also indicates that the majority of the anoma-
Tous response is due to EM coupling. From this it can be presumed that the
misleading low frequency PFE results on Spread 1 are primarily due to the
high telluric noise level present while reading the line.

In summary, contrary to initial interpretation, the anomaly is probably
mostly or entirely due to EM coupling. Any residual true IP response is too
weak to be of much interest as a sulfide target.

The remainder of Line 1 shows little of interest except for a very weak,
shallow anomaly between 70NW and 100NW. This anomaly is too weak to be of
much interest and perhaps represents a local zone of near-surface IP respon-
sive clay as was likely encountered on the north ends of Lines 3 and 4.

Line 2 IP response similar to the Line 1, Spread 1 anomalism is also
present on Line 2. The low frequency PFEs are again lower than the high fre-
quency PFEs; to a somewhat greater degree than on Line 1. However, the low
frequency PFEs still show two anomalous zones, one centered near 35NW and
one near 50SE. Both of these anomalies are directly north of (and on the low
resistivity side of) resistivity interfaces, near 10NW and 60SE, similar to
the Line 1 interface present near 44SE. Because of this similarity of re-
sponse, it is also expected that most or all of the Line 2 anomalism is due
to EM coupling.

Line 3 This traverse shows anomalous higher frequency PFEs at depth
along most of the traverse. However, the lower frequency data, due to re-
duced EM coupling, is anomalous only on the north end of the line, north of
about station 70NW. This response appears relatively shallow and is located
on and near a basalt flow remnant and likely corresponds to the probable
clay anomalism discussed in the Conclusions and Recommendations section of
this report.

Quite low resistivities are seen north of station 4QNw_where a pro-
nounced resistivity interface is present. These low resistivities persist
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to the deepest data in such a manner that a very thick source, probably
volcanics, is implied, perhaps in excess of 3000 feet. Somewhat higher
resistivity is locally present near 70NW where the traverse crosses a
steep basalt capped hill.

A shallow, weak, IP anomaly was delineated near the Butte Mine by
Canadian Aero in 1968 using a 500 foot dipole spacing. Their response de-
fined a source about 1000 feet wide and 3000 feet long, oriented northwest-
southeast and centered near GEOEX station 40SE on Line 3. Line 3 shows no
appreciable anomalism in this area. However, the 1968 anomaly appears to
have a source confined to within the upper 200 or 250 feet of the surface
and would therefore probably not be detected by 2000 foot dipole coverage
unless the response were considerably stronger.

Line 4 The resistivity and IP response on Line 4 is quite similar to
Line 3. The main resistivity interface is seen near 30SE and again indi-
cates a very thick and conductive volcanic section lying north thereof.
The Tower frequency PFE response is again anomalous on the north end of the
1ine, particularly north of approximately 100NW where moderately strong
effects are present. This anomalism appears to correlate with the presumed
clay IP response zone discussed previously.

Considerable telluric noise was present while reading the south half
of the line and some of the deeper IP readings could not be obtained. How-
ever, the data that was obtained, through n=4, shows no significant increase
with depth and the results are considered conclusively negative down to at
least 2000 feet below surface.

Line 5 This is a detail 1200 foot dipole line situated about 1800 feet
northeast of Line 1 and shows response quite similar to that seen on Spread
2 of Line 1. Again, the lower frequency PFE data is substantially weaker
than the higher frequency data. Two very weak lower frequency anomalies re-
main, one between 6NW and 12SE and the other lying north of 30NW. As on
Line 1, the remaining response is too low to be considered a good IP drill-
ing target without other encouraging correlating factors being present.

A steeply dipping resistivity interface is noted near 24SE that appears
to correlate with the interface present near 44SE on Line 1 and is again
presumed largely responsible for the anomalous EM coupling effects seen on
the higher frequency PFE data.

Line 6 This line is located about 1800 feet southwest of Line 1. The
IP response on both frequency pairs is somewhat Tower than seen on Lines 1
and 5. The residual lower frequency data shows only a very weak, small,
possible anomaly centered near 6SE, again lying just north of a resistivity
interface. The interface in this case is positioned near 18SE and corre-
lation with Lines 1, 2 and 5 defines a N70E contact strike.
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PROCEDURES

A GEOEX Mark 4 multi-frequency IP system was used on this survey.
To allow making optimum EM coupling corrections, four transmitting fre-
quencies were used on all Tines: 0.1, 0.3, 1.0 and 3.0hz. The standard
collinear dipole-dipole array with "spreads" of seven transmitting elec-
trodes was employed. An initial dipole length of 2000 feet was used on
Lines 1 through 4 for the reconnaissance coverage. More detailed follow-
up coverage with a dipole length of 1200 feet was obtained on Lines 5 and
6 and Spread 2 of Line 1.

A1l Tines were oriented N30°W and Lines 1 through 4 were centered at
claim corners specified by Superior. Stations are designated in hundreds
of feet slope distance from the center points.

Sending-receiving dipole separations range from 1 to 6 dipole lengths
on all seven traverses and typically, for 2000 foot dipoles, this should
yield a resolvable depth of penetration from about 600 feet down to per-
haps 3000 feet below surface. The 1200 foot dipoles would have a pro-
portionally reduced penetration but with a corresponding increase in res-
olution. A 0.1, 0.2 and 0.5 dipole separation reading was also taken on
each half of the four 2000 foot dipole 1lines to obtain extra shallow in-
formation for control on possible near-surface conductive layers.

Data are presented on "sectional" data sheets, one for each spread,
showing successively from top to bottom: the resistivity, the percent fre-
quency effect (PFE) at 0.1 and 1,0hz, and the PFE X 2.1 (decade normalized)
at 0.1 and 0.3hz, all contoured in "sectional" form. Metallic conduction
factors were not felt to be particularly definitive in this environment and
are not presented. Decoupling routines using PFEs at 1.0, 0.3 and 0.1hz
and 3.0, 1.0 and 0.3hz were also employed to give additional interpretational
leverage.

An "Induced Polarization Location and Interpretation Plan" at a scale of

1" = 2000' to overlay the Superior topographic base map is included to show
the traverse locations and plan projected IP-resistivity interpretations.

Respectfully submitted,

Heinrichs GEOEXploration Company

7 /s
Chris S. Ludwig
Chief Geophysicist

CSL:mt
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HEINRICHS GEOEXPLORATION COMPANY

P.O. BOX 5964, TUCSON. ARIZONA 85703, 806 WEST GRANT ROAD. PHONE: (602) 623-0578

April 27, 1977
Mr. Jack Langton, Manager
The Superior 0i1 Company
Minerals Division
P.0. Box 12487
Tucson, AZ 85732
Re: Proposed I.P. Survey
Gila Bend - Buckeye,

Arizona Vicinity Wwwégmvmw
il
& {

GEOEX #1171 st
Dear Jack:

This will confirm Bi11 Josey's phone conversation today with our Chris
Ludwig.

Starting on or about Monday, 2 May 1977, GEOEX will furnish a four man
crew, two vehicles and customary I.P. equipment, and will run four collinear
2000 foot dipole-dipole lines consisting of one seven sending electrode spread
for each 1ine, and giving approximately 20,000 1ineal feet of data per line
with a maximum interpretable depth objective of 3000' deep.

Charges for this work, except for standby at your request or owing to
access permission delays after mobilization on the job, will be at the rate
of $45.00 per crew field work hour including customary supervision, plus ex-
penses. Expenses will include vehicles at $17.50 per vehicle per day and
$0.21 per mile per vehicle, living expenses and other directly incidental job
expenses such as expendable supplies, communications, etc., will be billed at
115% of GEOEX cost.

Overtime field work will be charged at the same rate as regular time, i.e.
$45.00 per crew field work hour. Mobilization and demobilization expenses, but
no demobilization and mobilization fees will be charged.

Production estimate for the field work is roughly 2 1/2 work days per line,
or $400.00 per lineal mile of plotted data, or about $6,000 total. Standby time
would be charged at $25.00 per crew hour. Down time and days off or holidays,
will be made up, or not charged.

Charges for any program extensions with a few days' notice and minor inter-
ruption from the original assignment would be at the same rates with the same
complement of crew members and equipment.
| "

MINERAL ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL, GEOLOGICAL AND ECONOMIC APPRAISALS.
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Mr. Jack Langton, Manager
April 27, 1977
Page Two

Final data compilation and drafting will be charged at $12.50 per man
hour and interpretation and report at $20.00 per man hour, plus directly in-
cidental expenses such as reproductions, supplies, etc., at GEOEX cost plus

115%.

If agreeable, for convenience, your approval may be indicated by execut-
ing the enclosed copy of this letter as provided below and returning it to us.

WEH :mt
Enclosure: Extra CC

s L A o

Title: /{7?11er VEITE .f AIV/IIH\

Date: //"f/77

Faithfully,
Heinrichs GEOEXplor

Walter E. Heinrichs, Jdr.
President & General Manager

HEINRICHS GEOEXPLORATION COMPANTY




