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Maech 13, 1969

Mr. W. R. Ransone

Geochemical Surveys

2505 Turtle Creek Road [
Dallas Texas 75219 : se

Dear Mr. Ransone:

Enclosed is a copy of the Horizon Prospect fopo~ <
graphic plan showing the four I. P. lines as you suggested in
your letter of March 7, 1969.

The crew has run Spread 1 of Lime 1 and is now
working on Spreads 2 and 3 of Line 1. They will work the lines
in numerical order unless you wish otherwise. They will run
magnetics down these lines also.

The three man crew is using standard gear and you
will be charged at our usual rate of $250.00 per ten hour day
plus expenses. If you would like a formal proposal - contract,
please let us know.

Inspecting some aerial photographs of this area a
pronounced easterly-westerly strike in the sediments was noted.
Therefore, it is suggested that some of the coverage be on a
north-south orientation at some stage of the project, perhaps
after the reconnaissance east-west coverage is completed. The
geochemistry shows both north-south and east-west elongation
making it difficult to determine the optimum reconnaissance
direction.

Sincerely yours,
HEINRICHS GEOEXPLORATION CO.

'.4442%Ziz;27

CSL: jh Chris S. Ludwig
Enclosure: 1 Senior Geophysicist
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GEOCHEMICAL SURVEYS

2505 TURTLE CREEK BOULEVARD

MAILING ADDRESS DALLAS, TEXAS 75219 TELEPHONE
P. 0. BOX 19508 LAKESIDE 15145

March 7, 1969

Heinrichs Geoexploration Company
P. O. Box 5671
Tucson, Arizona 85703

Attention: Mr, Walter Heinrichs

Dear Walter:

I am enclosing a property map, topographic map, copper geo-
chemical map, and molybdenum geochemical map on our Horizon Prospect,
T17S, R16 and 17E, Pima County, Arizona. If you will look at the property
map, you will observe that we have prospecting permits in the northwest
corner, Section 26FE, half of 34, all of 35, west half of 36, southwest
quarter of 25. We have verbal permission to do IP work from Arizona Land
Title Company and from Andrada Ranch.

I would suggest an east-west line along the southern border of
Sections, 26, 25, and 30, avoiding the mountain in the southwest corner of
Section 25 and another mountain in the southwest corner of Section 26. I
would furthermore suggest two more east-west lines, one about one-third
mile north and the other about two-thirds mile north of the original line.
Also, a fourth line about one-third mile south of the original line. We are
ready to start the IP work whenever you are;and would furthermore suggest
that you do ground magnetics.

There are core holes shown in both Sections 26 and 27 and the north-
west corner of 35, While we have no good information on these core holes,
we know that none went deeper than 500 feet and mostly had mineralization
only at shallow depth.

Very truly yours,
GEOCHEMICAL SURVEYS
W. R. Ransone

WRR:tjc
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‘@ HEINRICHS GEOEXPLORATION co, PROJECT fogreon =7,
" |.P.RECEIVER NOTES LINE HALF_=_SP_/__DATE/Zs

a2 ° 1l 13-« [¢-512-7 [3-¢ |d-5 /-2 [2-3 |3<¢ [¢-5
RECEIVE
RANGE ] oA ] . 05 / N 03 ,03
DC 1 295 ¢ ¢ law¥ 1658 2.2 Y52 72.4 3002 |,57
DC 2 2&¢€ S¢.3 242 ksd lzer |45¢ .1 3// /6,2
De 3 295 l61-9 12¢¢ les§ |22 |95¢C R |99 |3
DC_4 L& s¥f |2¢e k¥ lze.1 457 ¢ 1312 /6.3
DC 5 LY Dde & 279 V4.5
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DC 7 s T 29,5 )
0C 8 42 34 3. 3 /o, 2
DC AVG
AC 1 /727, AL, S5/.0 U2, S 22,2 39¢, @2,! A7 /3.9

e 2 /77. |25%. lst.0 121, 325 222 395 lg2./ oo /39
AC_AVG.
S.P. -7« 11265 2.4 -12.9
Ac Nolsdl 2% 03 , 06 , 0¥
PoT RES.
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I. P SENDER NOTES LINE==__ HALF&w SP_L__ DATE4-¢
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RECEIVE 8~ soped 500 —]i10-15 > /s -20 [ >
RANGE H ) T — M = M _—
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RECEIVE f§20- 25 — T2 e T T > 2-3
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SENDER NO. 3G )/— S
OPERATOR M/ X
RECEIVER NO. 765/ - 1R
OPERATOR ~34 UE poACH <
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RANGE He | ¥ 1= #.| T e E— ——
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cy &
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RECEIVE | Zp-25] — | 25 -30b g 1= = S £}
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FREQUENCIES /& 3.0 COMMENTS :

SENDER NO. )362)~ 5

OPERATOR Hox

RECEIVER NO. 7 4L S)-12
OPERATOR 2R VRS g
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" HEINRICHS GEOEX (MAR 69) JOB B=368=69 LINF 5 SPD 2 LOOKING NS3w 4/9/69 Az JOB B368B=69 LINE S 4/5/69 A= 500 FEET, FREQUENCIES L10 AND 3.0
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INTRODUCTION

At the request of Mr. W. R, Ransone and on the behalf of
Geochemical Surveys, Heinrichs Geoexploration Company conducted an induced
polarization and vertical intensity magnetic survey over parts of the
Horizon Project, Pima County, Arizona, east of the Pauline Mine. The field
work was completed during the intarim period of March 17 through April 4,
1969, Apparent Resistivity and Self potential data were also obtained as a
by-product of the induced polarization work.

The purpose of this survey was to Iocalizé and evaluate
probable sulphide wineralization in the vicinity of certain copper and moly-
bdenwa geochemical anomalism in Sections 25 and 26, 7. 17 5., R. 16 E. To
accomplish this, fourteen spreads of 500 ft. dipole spacings on five 1ines
were survayed, oriented and located as shown on the sccompanying “Induced
Polarization Location and Interpretation Plan”. A total of 61,500 feet of
surface coverage and 43,200 feet of "subsurface” plotted data was obtained
from the I. P. survey. A total of 61,3500 feet of magnetic profiles were
completed using a Jalander ten gamma sensitivity, vertical intensity, flux-
gate wagnetometer. The magnetic profile stations are spaced 125 feet apart
along each I. P. 1ine except on Line 1 where local conditions required 25
foot spacing over 500 ft, of the Yine, : :

The dual frequency tachnique for obtaining 1.P. data was used
with conventional collinear dipole-dipnle elactrode arrays. An upper sending
frequency of 1.0 Hz was used to decrease electromagnatic coupling ervors and
a lower fraquency of 0.1 was usaed to avoid some telluric noise problens.
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The data are presented on sectional data sheets, one for each
line, showing apparent resistivity (5/2m), percent frequency effect (PFE)
and metallic conduction factor (MCF) profiles, contoured in section with the
self potential (S.P.) data, which is superimposed on the magnetic profiles.
The result of our interpretations and proposed drill holes are presented in
plan form on the “Induced Polarization Location and Interpretatfon Plan®.

Hednrichs personnel involved in the field work were Mr. James
Bauersachs, crew chiaf; Mr. Gary Hix, sender operator; and Mr. Brian Terrell,
technician. Report and interpretation are by Wr. C, S. Ludwig and Mr. Paul
Head, geophysicists with the assistance of the Geoex staff,



CONCLUSIONS AND RECOMMERDATIONS

All of the major frequency effect anomalies detected on this
survey l1ie northwest of the boundary designated "A" on the Location Plan,
except for the moderate anomaly at 7.5E on Line 3 which may be an entirely
separate effect. The more westerly copper geochemical anomaly correlates
fairly well with the area northwest of “A". The more intense 1.P. anomalies
located at the intersections of Line § with Line 1 and Line 3 are located
outside of the copper anomalies. The woderate 1.P. and S.P. anomaly at
7.5E on Line 3 is located within the easterly copper anomaly.

The geochemical results provided better resolution than the
magnetics and therefors, though not necessarily true for the district, no
additiona] magnetics on this particular project is recommended.

The only consistent resistivity interface is indicated
crossing the east ends of Line 1 and Line 4, otherwise the resistivity is
rather uniform over the entire area, indicating that the rock types are also
rather uniform. There are weak self potential lows associated with some of
the bettar 1.P. anomalies which may very well be indicative of near surface,
oafdizing sulfides. The field crew brought in several rock samples of the
varfous types encountered in the area. All of these had negligable magnetic
nﬁn-vzv._:sa and many had distince limonite pseudomorphg after pyrite.

These 1-.2-223 seem to provide adequate resson to at
least consider pursuing the project in greater detail. Two test drill hole
sites are identified and are well enough defined to be recommended at this
time. Proposed Drill Hole #1 is located on Line 1 at 47.54, the intersection

il
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of Line 1 and Line 5. It should be programmed for at least 500 ft. although
sulfides should be encountered less than 300 ft. deep. Line 3 at 26.54, which
is also the intersection of Linae 3 and Line 5, 1s the location of Proposed
Orill Hole #2. Sulfides are expected relatively near surface but the hole
should be programmed to go at least 500 ft. deep.
In addition to these two drill holes, we recommend that the
following Induced Polarization work be carriéd out:
Line 6 - Two or three 500 ft. spreads, as neaded, parallel
to and 750 . northwest of Line 5.
Line 7 - Two or three 500 . spreads parallel to and 750 ft.
southeast of Line S,
Line 8 - One 500 ft. spread oriented north-south through
7.5 of Lina 3,
Line 9 ~ Two or three 500 ft. spreads as needad, oriented
north-south through 100U of Line 1.
These Yines would help to guide and direct the possibility
for further detatled I.P. work and establish additiomal drill hole sites.
If they are available, it could also be very halpful to obtain the Cordero
Mining Company drill logs and the factual results of other work known to
have been done in the area.



INTERPRETATION

Lines 1 through 4 are spaced approximately one third of a
mile apart which provided adequate reconnaissance covergge over the Horizon
Project geochemical anomalfes. Altempts at corrvelation of 1. P. anomalies
from line to line may result in misleading trends because of this wide spacing,
nevertheless, some valid general conclusions can sti1] be reached. A partial
exception to the recoanaissance coverage is along Line § where 1t crosses the
other lines.

The reason for some of this type of uncertainty in a recon-
naissance survey is that frequency effact anomalias originating from buried
sources are indistinguishable from the anomaly causad by a pelarizing bedy
lying at surface but Jocated to afther side of the Vine. The anomaly observed
on a line parallel to the strike of a polarizing body may appear to be due
to a wide dike or even a uniforam high background over the entire line. This
can ordinarily be avoided by running normal to the predominant strike trend
of tha area.

Line 1, a= 500 fi., Spreads 1, 2 and 3
A possible resistivity interface at 25E separatas high apparent

resistivities of over 200 ohu feet to the east from moderate apparent resist-

fvities of 50 to 200 ohm ft. to the west. A relatively conductive tabular

body is detected at statfon 47.54. The fairly well defined interface at 77.54

separates slightly lower resistivity matarial on the west from the moderate

resistivity waterial to the east. All strong anomalous frequency effects noted

on this line are associated with the Jower resistivity features mentioned above.
The strong anomaly located between statfons 50W and 454, and
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its moderate fringe extending to 42.54 1s a well defined pattern such as
would be caused by a polarizable body buried no more than 300 ft. and having
appreciable depth extent. This anomaly gradationaly changes from background
frequency effacts at 17.5¥ to moderate anomalism at 42.54, suggesting that
efther the gquantity of wetallic Justered winerals increase gradationaly or
that the line crosses the mineralized material at a small angle. At least
part of the weak anomaly fring extending west to 67.5W is due to conflicting
anomaly patterns of two or more adjacent polarizing bodies.

A moderate anomaly begins at station 67.5W and continues to
92.54 whera 1t becomes strong. This strong anomaly continues west beyond the
coverage obtained on this survey. These effects are probably due to polarizing
material scattered more or less uniformly through the rocks and probably have
relatively 1ittle cover.

The very weak anomaly beginning at 10€ and continuing east
beyond the survey may in part be the effect of preferential shunting of
current paths through conductors in higher resistivity rocks, thereby exagger-
ating frequency effects. The grounded highway fences may also be the cause
of this anomaly.

ilo significant self potential effects were recorded on this
1ine.

The magnetic profile on this line has a very sharp anomaly
at 854 having a total excursion of 1,810 gammas in less than 100 ft. This
has no visible cause although 1t wust be a surface affect. UNo definite cor-
relations to the 1.P, data are noted although the general character of the
sagnetics becomés somewhat wore erratic over the moderate 1.P. anomaly between

-6.



654 and 854, whereas the magnetic profile becomes rather “quiet® over the
strong I.P. anomalies from 45W to 50W and west from 92.54.

Line 2, a=500 ft. Spreads 1, 2 and 3

The resistivity values noted on this line are somewhat lower,
on the average, than on Line 1 and there are no definite patterns that can
ba ascribed to any specific geometric model.

A woderate, open ended I.P. anomaly begins at 92.54 and
continues beyond this line to the west. The weak anomaly begimning at 92.5W
and ending at 77.5¥ may be due to polarizable material at depth and in part
represents an uncertain frings of the moderate anomaly batween 77.54 and S56W.

This moderate anomaly appears to be caused by polarizing material at least

500 ft. deep or Jateral effects to be discussed latar. The weak I. P. anocmaly
from 554 to 42.58 1s only slightly weaker than the moderate zones and probably
can be considered as friage of the moderate zone between 42,5 and 37.54.

The moderate I.P. anowaly centered at 20W seems to be separate
from the rest of the anomalies on Line 2 although 1t could also be a relatively
sore mineralized portion of the same material that causes the other anomalies.
This anomaly grades from weak to very weak at 2,54, Another very weak anomaly
1s notad baginning at 12,55 and continuing east beyond this survay.

Ho significant §.P. effects are noted on this Tine though a
very ainor low may exist at 20W, correlating with the woderate 1.P, anomaly
at that position.

As noted on Line 1, the magnetic profile 1s somewhat less erratic
over the better [.P. anomalies. A general magnatic high cestared at about 154
13 about 6,000 ft. wida.



Line 3, a=500 ft. Spreads 1, 2 and 3
The resistivity plot indicates comparitively uniform values,

lower than efther Line 1 or Line 2. The interface indicated at 7.5E 1s not
3 siwl_g@m boundary feature but more 11kely represenis two or wore closely

“spaced boundaries which produce a pattern siwilar to that expected from a

rasistive thin tabular body. The data wight be suspect because of the grounded
nighway fences located between OE/W and 5E except that the sawe fences were

not bothersome on Line 1. In any case there very probably 1s a very low resis-
tivity tabular body near 7.5E containing oxidizong sulfides as indicated by

the 5.P. Tow 1In that vicinity.

The woderate frequency effect notad betwean 5.0F and 10.0E
on this line uy ba suspect because of the fences nearby and because of the
rasistive body at 7.5E which could accentuats fraquency effects. Un the other
hand, a definite self potential Tow centered at 7.5 may indicate that oxidiz-
ing suifides are present and the frequency effect anomaly noted is a valid
featura, Additional field work is requirad to decide which is correct.

The entire line beginning at 10W to at least 30M indicates
anomalous frequency effacts of varying strangth possibly due to irregularly
wineralized waterial at surface with & wore intense zone batween 25W to 30W
and somewhat weaker mineralization between 458 to 67.5M.

The magnetic profile is cenarally featurelass although a
high 8,000 ft. wide and centered at about 30.0W is noted which possibly cor-
relates with the stroag [.P. anowaly at 27.5M.

Other than the low at 7.5&, no significant self potential
effects are notad,



Line 4, a=500 ft, Spreads 1, 2 and 3
Line 4 is the southern wost Yine on the project and is

adjacent to Line 1. The probable interface noted on the resistivity plot at
12.5E is very Jikely the same feature as noted on Line 1.

Just west of this interface, centered at 2,5E, 1s a very weak
I.P. enomaly that may be related to fences at the highway. Another very weak
frequency effect is noted at about 15W which cannot be due to the highway
fences and seems related to either o deeply buried source or to one Tocated
on the surface efther to the right or left of Line 4.

The poliarization effects noted on the extreme west ond of
Line 4 are interpreted as very weak to weak. This anomalism seess to be caused
by a deeply buried mineralized body beginning at about 70.0M possibly over
€00 ft, deep but pessidbly approaching the surface beyond 95.0W. In support
of this, an abrupt dowmward trend in the self potential profile at 95ks o voled
which usually indicates near surface oxidizing sulfides.

tio positive corrslation of the magnetic effects in this line
with Line 1 are noted thoudh the general saw tocth chavacter of the profile

fs more nearly like Line 1 than Line 3.

Line 5, a=500 ft, Spreads 1 and 2

This 1ine crosses Lines 1 Shrough 4 at about a 60® angle,
neariy pumudicuhf to the ceologic strike seen on aerial photographs.

#o sharply defined resistivity features are noted on this line.

The low resistivity feature on Line 1 at 47.5¢ correlates well with a Jow at
42.5W on Line 5, A siwilar Tow at about 10.0ME 1s also noted,



Strong Trequency effect anomalies are present between 42.55W
and 32,554 with probable woderate fringe effects on both sides. Based on MCF
values, S. P, and Line 1, the most probable location of the polarizing body
is at 408, probably no deeper than 300 ft. PPFE values indicate the polarizing
body at 32.54.

At about 7.5HE, another strong anomaly was detected, Only
half of the anomaly pattern is available so that another equally valid inter-
pretation could be made 1f it were not for the correlation with Line 3.

A very weak S.P. Yow at 40,05H correlates with the strong
1.P. anomaly at that station, probably indicating oxidizing sulfides. Ho other

positive S.P. or magnetic correlations are noted on this lime.

Respectfully submitted,
HETRRICHS GUOEXPLORATION COMPANY

Paul A, Head
Geophysicist

Walter E. Heinrichs, Jr
Prasident & General Han

Tucson, Arizona 85703
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INTRODUCTION

At the request of Mr. W. R, Ransone and on the behalf of
Geochemical Surveys, Heinrichs Geoexploration Company conducted an induced
polarization and vertical intensity magnetic survey over parts of the
tiorizon Project, Pima County, Arizona, east of the Pauline Mine. The field
work was completed during the interim period of March 17 through April 4,
1969. Apparent Resistivity and Self potential data were also obtained as a
by~product of the induced polarization work.

The purpose of this survey was to localize and evaluate
probable sulphide mineralization in the vicinity of certain copper and moly-
bdenum geochemical anomalism in Sectfons 25 and 26, T. 17 S., R, 16 E. To
accomplish this, fourteen spreads of 500 ft. dipole spacings on five lines
were surveyed, oﬂmm and loeiud as shown on the accompanying "Induced
Polarization Location and Interpretation Plan". A total of 61,500 feet of
surface coverage and 49,200 feet of “"subsurface” plotted data was obtained
from the I. P. survey. A total of 61,500 feet of magnetic profiles were
completed using a Jalander ten gamma sensitivity, vertical intensity, flux-
gate magnetometer. The magnetic profile stations are spaced 125 feet apart
along each I. P. 1ine except on Line 1 where local conditions required 25
foét spacing over 500 ft. of the line.

The dual frequency tachnique for obtaining I.P. data was used
with conventional collinear dipole-dipole elactrode am. An upper sending
frequency of 1.0 Hz was used to decrease electromagnetic coupling errors and
a lower frequency of 0.1 was used to avoid some telluric noise probless.

.‘-
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The data are presented on sectional data sheets, one for each
ine, showing apparent resistivity (B/27), percent frequency effect (PFE)
and metallic conduction factor (MCF) profiles, contoured in section with the
self potential (S.P.) data, which is superimposed on the magnetic profiles.
The result of our interpretations and proposed drill holes are presented in
plan forw on the "Induced Polarization Location and Interpretation Plan”,

Heinrichs personnel involved in the field work were Mr. James
Bauersachs, crew chief; Mr. Gary Hix, sender operator; and Mr. Brian Terrell,
technician. Report and ﬁhrpnﬂtion are by Mr. C. S, Ludwig and Mr. Paul
Head, geophysicists with the assistance of the Geoex staff,

HEINRICHS GEOEXPLORATION COMPANY



CONCLUSIONS AND RECOMMENDATIONS

All of the major frequency effect anomalies detected on this
survey Tie northwest of the boundary designated "A" on the Location Plan,
except for the moderate anomaly at 7.5E on Line 3 which may be an entirely
separate effect. The more westerly copper geochemical anomaly correlates
fairly well with the area northwest of “A". The more intense I.P. anomalies
located at the intersections of Line 5 with Line 1 and Line 3 are located
outside of the copper anomalies. The moderate I.P. and S.P. anomaly at
7.5E on Line 3 is located within the ustdrly copper anomaly.

The miul results provided better resolution than the
”otia and therefore, though not necessarily true for the district, no
additional magnetics on this partieuhr project is recommended.

The only consistent resistivity interface is indicated
crossing the east ends of Line 1 and Line 4, otherwise the resistivity is
rather uniform over the entire area, indicating that the rock types are also
rather uniform. There are weak self potential lows associated with some of
the better I.P. anomalies which may very well be indicative of near surface,
oxidizing sulfides. The field crew brought in several rock samples of the
vardous types encountered in the area. All of these had negligable magnetic
susceptibilities and many had distince limonite pseudomorphg after pyrite.

These observations seem to provide adequate reason to at
least consider pursuing the project in greater detail. Two test drill hole
sites are identified and are well enough defined to be recommended at this
time. Proposed Drill Hole #1 1s located on Line 1 at 47.54, the intersection

g
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of Line 1 and Line 5. It should be programmed for at least 500 ft. although
sulfides should be encountered less than 300 ft. deep. Line 3 at 26.5W, which
fs also the intersection of Line 3 and Line 5, 1s the location of Proposed
Drill Hole #2. Sulfides are expected relatively near surface but the hole
should be programmed to go at least 500 ft. deep.
In addition to these two drill holes, we recommend that the
following Induced Polarization work be carriéd out:
Line 6 ~ Two or three 500 ft. spreads, as needed, parallel
to and 750 ft. northwest of Line 5.
Line 7 ~ Two or three 500 ft. spreads paraliel to and 750 ft.
southeast of Line 5.
Line 8 - One 500 ft, spread oriented north-south through
7.5E of Line 3.
Line 9 ~ Two or three 500 ft. spreads as needed, oriented
north-south through 100W of Line 1.
These lines would help to guide and direct the possibility
for further detailed I.P. work and establish additional drill hole sfites.
If they are available, it could also be very helpful to obtain the Corderc
Mining Company drill logs and the factua) results of other work known to
have been done in the area.

HEINRICHS GEOEXPLORATION COMPANTY



INTERPRETATION

Lines 1 through 4 are spaced approximately one third of a
mile apart which provided adequate reconnaissance covergge over the Horizon
Project geochemical anomalies. Attempts at correlation of I. P. anomalfes
from 1ine to 1ine may result in misleading trends because of this wide spacing,
nevertheless, some valid general conclusions can still be reached. A partial
exception to the reconnaissance coverage is along Line 5 where it crosses the
other Tines.

The reason for some of this type of uncertainty in a recon-
naissance survey is that frequency effect anomalies originating from buried
sources are indistinguishable from the anomaly caused by a polarizing body
lying at surface but located to either side of the lin; The anomaly observed
on a line parallel to the strike of a polarizing body may appear to be due
to a wide dike or even a uniform high background over the entire line. This
can ordinarily be avoided by running normal to the predominant strike trend
of the area.

Line 1, a= 500 ft., Spreads 1, 2 and 3

A possible resistivity interface at 25E separates high apparent
resistivities of over 200 ohm feet to the east from moderate apparent resist-
fvities of 50 to 200 ohm ft. to the west. A relatively conductive tabular
body is detected at station 47.54. The fairly well defined interface at 77.5M
upa,nﬁs slightly lower resistivity material on the west from the moderate
resistivity waterial to the east. All strong anomalous frequency effects noted
on this 1ine are associated with the lower resistivity features mentioned above.

The strong anomaly located between stations 50W and 45N, and

-5-
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its moderate fringe extending to 42.5W 1s a well defined pattern such as
would be caused by a polarizable body buried no more than 300 ft. and having
appreciable depth extent. This anomaly gradationaly changes from background
frequency effects at 17.5W to moderate anomalism at 42,54, suggesting that
efther the quantity of metallic Justered wminerals increase gradationaly or
that the line crosses the mineralized material at a small angle. At least
part of the weak anomaly fring extending west to 67.5W is due to conflicting
anomaly patterns of two or more adjacent polarizing bodies.

A moderate anomaly begins at station 67.5W and continues to
92.5W where 1t becomes strong. This strong anomaly continues wist beyond the
coverage obtained on this survey. These effacts are probably due to polarizing
material scattered more or less uniformly through the rocks and probably have
relatively little cover.

The vary weak anomaly beginning at 10E and continuing east
beyond the survey may in part be the effect of preferential shunting of
current paths through conductors in higher resistivity rocks, thereby exagger-
ating frequency cffects; The grounded highway fences may also be the cause
of this anomaly.

o significant self potential effects were recorded on this
line.

The magnetic profile on this line has a very sharp anomaly
at 85W having a total excursion of 1,810 ganmas in less than 100 ft. This
has no visible cause although it must be a surface effect. Mo definite cor-
relations to the I.P. data are noted although the general character of the
magnetics becomes somewhat more erratic over the moderate I.P. anomaly between
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65W and 85W, whereas the magnetic profile becomes rather “quiet® over the
strong I.P. anomalies from 45W to 50W and west from 92.5W.

Line 2, a=500 ft. Spreads 1, 2 3

The resistivity values noted on this 1ine are somawhat lower,
on the average, than on Line 1 and there are no definite patterns that can
be ascribed to any specific geometric model.

A moderate, open endad I.P. anomaly begins at 92.54 and
continues beyond this line to the west. The weak anomaly beginning at 92.5W
and ending at 77.5W may be due to polarizable material at depth and in part
represents an uncertain fringe of the moderate anomaly between 77.5W and 55W.
This woderate anomaly appears to be caused by polarizing material at least
500 ft. deep or lateral effects to be discussed later. The weak I. P. anomaly
from 556 to 42.54 1s only ﬂightly weaker than the moderate zones and probably
can be considered as fringe of the moderate zone between 42.54 and 37.54.

The moderate I.P. anomaly centered at 20 seems to be separate
from the rest of the anomalies on Line 2 although 1t could also ba a relatively
more wineralized portion of the same material that causas the other anomalies.
This anomaly grades from weak to very weak at 2.5W. Another very weak anomaly
is noted beginning at 12.5E and continuing east beyond this survey.

o significant S.P. effects are noted on this Tine though a
very minor Tow may exist at 20W, correlating with the woderate 1.P, anomaly
at that pesition.

As noted on Line 1, the magnetic profile is somewhat less erratic
over the better I.P, anomalies. A general magnetic high centered at about 15M
is about 6,000 ft. wide.
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Line 3, a=500 ft. Spreads 1, 2 and 3

The resistivity plot indicates comparitively uniform values,
Jower than efther Line 1 or Line 2. The interface indicated at 7.5E is not
a simple, one boundary feature but more likely represenis two or more closely
‘spaced boundaries which produce a pattern similar to that expected from a
resistive thin tabular body. The data might be suspect because of the grounded
highway fencas located between OE/W and 5E except that the same fences were
not bothersome on Line 1. In any case there very probably is a very Tow resis-
tivity tabular body near 7.5E containing oxidizong sulfides as indicated by
the S.P. Tow in that vicinity.

The moderate frequency effect noted between 5.0E and 10,.0E
on this line may be suspect because of the fences nearby and because of the
resistive body at 7.5 which could accentuate frequency effects. On the other
hand, a definite self potential low centered at 7.5 may indicate that oxidiz-
ing sulfides are present and the frequency effect anomaly noted is a valid
feature. Additional field work is required to decide which is correct.
» The entire 1ine beginning at 10W to at least 90W indicates
anomalous frequency effects of varying strength possibly due to irregularly
mineralized material at surface with a wore intense zone batween 25W to 30W
and somewhat weaker wineralization between 45W to 67.54.

The magnetic profile is generally featureless although a
high 8,000 ft. wide and centered at about 30.0W is noted which possibly cor-
relates with the strong 1.P. anowmaly at 27.5W.

Other than the low at 7.5E, no significant self potential
effects are noted.
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Line 4, a=500 ft. Spreads 1, 2 and 3

Line 4 is the southern wost 1ine on the project and is
adjacent to Line 1. The probable interface noted on the resistivity plot at
12.5E is very likely the same feature as noted on Line 1.

Just west of this interface, centered at 2.5E, 1s a very weak
I.P, anomaly that may be related to fences at the highway. Another very weak
frequency effect is noted at about 15W which cannot be due to the highway
fences and seems related to either a deeply buried source or to one located
on the surface either to the right or left of Line 4.

The polarization effects noted on the extreme west end of

Line 4 are interpreted as very weak to weak. This anomalism seems to be caused
by a deeply buried mineralized body beginning at about 70.0W possibly over
600 ft. deep but possibly approaching the surface beyond 95.0W. In support
of this, an abrupt downward trend in the self potential profile at 95W.is noted,
which usually indicates near surface oxfidizing sulfides.

Ho positive correlation of the magnetic effects in this line
with Line 1 are noted though the general saw tooth character of the profile
is more nearly like Line 1 than Line 3.

Line 5, a=500 ft. Spreads 1 and 2

This 1ine crosses Lines 1 $hwough 4 at about a 60° angle,
nearly perpendicular to the geologic strike seen on aerial photographs.

o sharply defined resistivity features are noted on this line.

The Tow resistivity feature on Line 1 at 47.5W correlates well with a Tow at
42.5W on Line 5. A similar Tow at about 10.0NE is also noted.
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Strong frequency effect anomalies are present between 42.55W
and 32.55W with probable moderate fringe effects on both sides. Based on MCF
values, S. P, and Line 1, the most probable location of the polarizing body
is at 40SH, probably no deeper than 300 ft. PFE values indicate the polarizing
body at 32.5.

At sbout 7.SHE, another strong anomaly was detected. Only
half of the anomaly pattern is available so that another equally valid inter-
pretation could be made 1f it were not for the correlation with Line 3.

A very weak $.P. Tow at 40.05W correlates with the strong
1.P. anomaly at that station, probably indicating oxidizing sulfides. #o other
positive S.P. or magnetic corvelations are noted on this line.

Respectfully submitted,
HEINRICHS GEOEXPLORATION COMPANY

G af G o

Paul A, Head
Geophysicist

Halter E. Heinrichs, Jr.
President & General Manage

May 6, 1969
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 embedded in an ionic or electrolytic conducting
matrix. These properties are noticed in that the potential
across a block of this dual conduction mode material will
increase with time, approaching a constant value, when a con-
stant 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 potential
across the block with time as more ions are backed up. This

. potential approaches a constant value when an equilibrium

is established between the ions backed up at the boundaries
and those flowing 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 model as

a guide. These capacitive-Tike properties are normally
measured by one of three different field techniques.

In the time domain (pulse) method, a steady direct
current is imposed in the ground for a few seconds and abruptly
terminated so that the resulting capacitive-like voltage 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. This
value is then normalized by the primary voltage measured while
the steady current is on. The more area determined, the more
capacitance or polarization the ground exhibits.

In the frequency domain (dual frequency) method, the
percentage difference between the impedance (AC resistance)
offered to a lower and higher frequency is measured. A capacitor
offers a lower impedance to a higher frequency than it does to a
lTower frequency, therefore, the percentage difference 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. This phase delay also increases as polarization
increases.
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("n" separation) from the sending dipole. Figures 1 and 2
indicate this configuration and resulting data plotting posi-
tions. 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
is 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 per-
centage difference is determined, thus giving the Percent Fre-
quency Effect (PFE). A third quantity porportional to PFE and
inversely porportional to "D.C." resistivity, called Metallic
Conduction Factor (MCF) is computed in order to somewhat normalize
PFE for variations in ground conductivity purely as a technical
interpretational aid. Formulas for these various quantities are
given on page 5.

Selection of electrode spacings [(a) in Fig. 1] is
determined by the objectives to be reached in a given survey.
This spacing will range from very small (50 ft. or less) for very

detailed and shallow surveys, up to 1,000 ft., or occasionally

more, for broad, 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 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 the
resolution. An average rule of thumb, with a good contrast of
electrical properties, using the symmetrical co-linear dipole-
dipole system, and having data from 1 through 4 in "n" separations,
is that two times the dipole length is the maximum 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 dimen- ,
sion less than 0.1 the dipole spacing likely will not be detected.
Also, zones differing by less than about 30% in electrical con-
ductivity will not be very easily resolved by resistivity measure-
ments, 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 ft. for the following: An overburden
of more than 2,000 ft. would likely not allow enough current
penetration into bedrock to detect even a large and highly mineral-
ized zone in the bedrock. Also, a sulfide zone lying completely
within 200 ft. of the surface generally would not be detected.
A spherical or elongated cylindrical body whose diameter is much
less than 1,000 ft. would be just out of the range of detect-
ability. A dike-like or sill-like zone whose width is less than

-3
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increased background frequency effect due to an electromagnetic
inductive coupling interference phenomenon that must be corrected
for. The MCF tends to correct any high resistivity increased
background effects, but tends to amplify the electromagnetic
frequency effects making a correction imperative.

FORMULAS: PFE = [ac/%c-l] 100

Where PFE is Percent Frequency Effect, P,  is the
apparent resistivity at the lower frequency and £, . is the
higher frequency apparent resistivity. ;

P =2mwVK, /1

Where P is either Py, or P,  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:
K, = %an(n+1)(n+2) (Only for dipole-dipole arrays.)

n

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 = [2vV/I][%an(n+1)(n+2)]

from which we see that Pis in units of ohm-feet. However,
the apparent resistivity usually is plotted: P/2m

P/2m = VK,/1 = [V/I1[3an (n+1)(n+2)]

n

MCF = 1000xPFE/[R, /2]

Where MCF is the Metallic Conduction Factor and
Pyc./2m is apparent "D.C." resistivity.
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MAILING ADDRESS
P. O. BOX 19508

GEOCHEMICAL SURVEYS

2505 TURTLE CREEK BOULEVARD
DALLAS, TEXAS 75219

March 24, 1969

Mr. Chris S. Ludwig

Heinrichs Geoexploration Company
P. O. Box 5671

Tucson, Arizona 85703

Dear Chris:

TELEPHONE
LAKESIDE I-5145

FEEIN B ICIEES

EFOEX

P et o
LG RN, ARIZOA

gy wAR 261369 Iy

BOX 5671 TUCS™ . ~niZONA 85703
Phone: (AKtA 602) 623-0578

Attached are a partial geologic map and index sheet
explaining references. Ihope to arrange a visit with you in
the next week or so to discuss the geophysical data and the

relationship to our geochemistry.

Sincerely,

GEOCHEMICAL SURVEYS

o R

I. C. Stone
ICS:tjc

Attachments
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