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SUMMARY OF THT PAPAGO EXPLORATION PROGRAM

The Reservation comprises 4,335 square miles (2,774,000 acres),
Between 3eptember 20 and November 14, 1961 all outerop was photo-
graphed simultancously in color and black and white as stereo palrs
of aerial photography in a scale of 1:10,000 (1 inch equals 833
feet). The outcrop areas approxlmate L0 per cent of the Reservation,

From llovember 20, 1961 to August 9, 1962 a geologle study of
the aerial photozgraphy combined with field investigations was
completed, During this perlod areas of no economlc geologlie interest
were defined and relinquished, as specified by the peramlt, and areas
warranting additlonal investigation were selected and asslgned
priorities, This mapping was complled as l15-minute quadrangles at
a scale of 1 inch equals two miles made from enlargements of the
Arizona Bureau of iines County Geologlc lMaps published at a scale
of 1:375,000,

The remalnder of the program (August, 1961 to October, 1963)
comprised detalled geologlc mapping, geochenical sampling, alr-
borne and ground geophysics, and the drllling of one dlamond drill
hole. A total of 1499 geochemlcal samples were collected from
which 3095 analyses were reported, Two miles of shallow seisnic
profiles were obtalned, approximately 1,700 line miles of aero-
magnetic survey were completed, 37 line mlles of sround nagnetic
survey, and 65,4 line miles of induced polarization survey. The
one dlsnond drill hole was drilled to a depth of 168 feet through
85 feet of alluvium.”’

Two geologle reports have been submltted to the Department
of Interior (August, 19562 and February, 1963), in each case at
the time land was relinguished as required by the permlt,
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VEKOL MOUNTAINS

Location

This range lies in the north of the Papago Indian Reservation
eand In the southeast corner of Plnal County in ©s. 9 & 10 3., Bs,
2 &3 B,

Acoess

The Vekol lountains are reached from the towm of Casa Grande,
Pinal County, south seventeen mliles on paved road to a turn off
to the west to Kohakt village, The Vekol range lies three nmiles
to the west ¢f the village. A nunmber of o0ld unimproved roads
glve access to the mines in the area,

Topogravhy

The Vekol range runs northwest and is six miles long. The
main range 1s about two miles wlde but a group of hills lie to the
northeast separated from the main range by a basin 1} miles wide
in which is the abandoned village of Sif Vaya,

The mountalneg rise %0 a maxinmun elevation of 4000 feet, They
are bounded on the east by the Santa Rosa Valley, a gravel filled
basin ten miles wide wlth an average elevation of 1700 feet, The
Vekol valley lies to the west of the range,

The area of possible economlc interest 1s southwest of the
Reward liine,

Clinmate

The climate is arld with annual rainfall under ten inches
per annun, Winters are cool and sumners hot, '

Vegetatlon consists of Cactus and other desert plants,
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Geology

The southern end of the Vekol fountains near the Reward
Mine is composed of FPaleozolce sediments, mostly limestone,
ranging in age fron Canmbrian to Pennsylvanlan, These are covered
by vretacnou~ Conglomerate and Tertlary Volecanics, A small stock
of Quartz lonzonlte Porphyry intrudes the sediments sbhout one
mile to the west of the Reward iHine,

Mineralization

Production of 400,000 1lbs. of copper is recorded from the
geward Mine,

The ore occurs as small replacement bodies in the Tscabrosa
(Mississiplan) limestone, The nmineraslization is controlled by
faults,

To the south of the Zeward, on the same ridge are several
prospect pits, shafts and adlts which were sunk on sinilar small
deposits, However, the sulphide at the south end of the ridgse
is predominantly sphalerite which is assoclated with massive

nagnetite,

Hork Corried out by Stebbinsg Mineral Surveys

About three man months were spent on the geologlical and
geochemical survey of this area.

The Vekol lNountain area was mapped by }i.A, Xaufman on the

scale of the asrisl photography, approximabely 1:10,000, A portion
of the nap is included with this report,

Two possibilitlies for further mineralization were considered
to exist,

a. Copper or Zinc replacement bodies in linestone.
assoclated with nognetite, beneath gravel,

b, “rorphyry" type copper mineralization.
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)

The following work was undertaken to test these possibilities,

(1) A total intensity magnetic survey was carried out using a
Varian Huclear Precesslon Magneboneter lodel V-4310 mounted in a
Bell 47G - 3B helicopter flying at a constant ground clearance of
150 feet with the "bird”™ at 50 feet zround clearance, along flight
lines spaced 1000' apart, A portion of the masnetic contour nap
complled from the results of this survey 1s included as overlay 1
to the geologle map.

A nsgnetic high was seen to extend from the southwest end of
the Zeward ridge for about 3000 feet to the southwest,

(2) A ground nagnetic survey was carrled out over this anomaly
using a Jalander fluxgate instrument, Headlnzs were taken at
100 foof spacing on lines rwming N300d, 200 feet apart, Magnetic
contours from the results of this survey are showm as overlay 72
to the geologic map, ' :

Zones of magnetite occur both in the Paleozoic linestone and
in the underlying Canbrian quartzite, 4An interpretation of the
magnetle data by .Y, Yhlpple, Geophyslcal Consultant to 3tebbins
¥ineral Surveys Inec. suggested that the anomalies were caused by
furthexr zZones of nmagnetite in sediments besneath from 50 Teet to
250 feet of gravel cover.

(3) To test for sulphlde possibly assoclated with the zones of
magnetite, an induced polarization survey was cerried out over the
arca and extended to the west to cover the contact of the sedlments
with granite in which were recorded scattersd anomslous geochenleal
values in copper from 300 up to 1200 »pm. (3ce overlay #3 showing
geochemical sample locatlons and values),

A Selgel Associzates 7.5 kilowatt pulse type induced polariza-
tion unit, rated at 5 anps and 5,000 volts was used with three
oelectrode array configuration at 250, 500 and 1,000 fect electrode
spacing, A plan of the chargeabllity and resistivity profiles is
included as overlay #4 to the geologlc nap.

Internretation

Four najor anomalous zones and three ninor are shown on the
plan of profiles, An interpretation by Dr. H.0, Selgel is
included with this report. ( appendix 1),

-
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A number of possibilitles exist, Depths to sulphide as
deternined by Zelgel are greater than the-depths to magnetite
as estimated by Whipple, It is possible that the magnetite
zones ocour in the Paleozolc rocks overlying sulphide nmineral-
izatlon in Frecazmbrian Pinal schist.

The pattern of the induced polarization snomalies nay
indicale a steceply dipping tebular body of sulphide whose sub
outerop is repeated by faulting, dhipples interpretation of
the nagnetic results shows a serles of NI - 3¥ faults,

The series of gnomalies is not fully explored' to the west,

Aoplication for lLease

Applicatlion is made for a lease in accordance with the
terms of the Mineral Frospecting Permit Ho. 14-20-0450~3736,

The boundary of the lease ares, a rectangle 2} miles ecast-
west by one mile north-south, runs as follows:

From S,I, corner of Seec, 33 T 9 3, R 3 E,, 1/8 mile west
to the northeast corner of the lease area,

From northeast corner of the lease area 2% miles west to
the northwest corner of the lease ares,

From northwest corner of the lease arean 1 mile south to
the southwest corncr of the lease arsa,

From the southwest corner of the lease area 2% miles esast
o the southecast corner of the lease area,

From the southeast corner of the lease arez north 1 nile
to the northeast corner of the lease area (starting point),

This area 1s showm of the geologic nap,

From this area are withdrawn the followiné valid nminera
claims which have prior rights:
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\JJ Sq. ft,
A1l of Guadalupe 900,000
Part of Bon Homnme 737,950
Part of Phonodorece 882,000
Part of Fhenomenon 55,400
Part of Celt 243,750

Total 2,819,100 sq.ft., = 64,71 acres

Total area 1600.00 acres
Less Clsims 6L, 71
Het area of lease 1535,29 acres

Thesclainms are plotted on the geologle map, but their location
is not accurately known so the ares 1s subject to survey end the
figure for the net area of the lease 1s subject to correction,
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QUIJOTOA ARZA

Iocation

Three miles west of Covered Wells Trading Post, which is
9 miles east of Ajo on Highuway 88 between Tucson and Ajo. The
area lles in T 15 3, 2 2 Z, Pima County, Arizona, ~

“

Access
The area lies astride highway 86, A nunber of old wn-

improved mine roads glve sccess to the Juijotoa and Brownell
Hountalns,

Topozranhy

The area 12 in a group of low hills between the Quljotoa
Hountailns to the south and the Zrowmell and 3lerra Blanca
Mounbtalinz to the north. The elevation is about 2500 feet and
local relief is about 300 feat,

Climate

Clinate and vegetation are sinmilar to those of the Vekol
Mountains,

Geolozy

The QuijJotoa MNountains consist of a complex of acld
igneous intrusives., At the north end of the range, on eilther
side of highway 86, the rock 1s a fine grailned quartz porphyry
wnich 1s consldered to be intrusive, Within an grea of about
one square nile a nunber of brscciated and iron stalned zones
oceur, In places fine grained tourmaline forms the matrixz of
the brecels, The similarity of this rock to that from a copper
bearing breccia plpe at Cananea, Sonora, Mexico, first drew
attentlion to the area., The quartz porphyry in the vicinity
of the breccla zones 18 altered, fractured and stailned with
limonite and hematite., The brecceia zones and the areas of
alteration are showm of the geologlc map of Quljotoa area,
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Hneralization

There i1s no record of minerzl nroduction from the immediate
area, but covper and silver have both been produced in small
quantities in the Quijotoa and Brownell iountains,

Hork Carried out by Stebbins ineral Surveys Inc,

About three man months were spent on geologlcal mappinb. n
area of about 50 squar miles in the Brownell Mountains and the
northern psrt of the Qui jotoa range was mapped on a scale of 1% 3
100C* by X, Droste., Alteration in the area of the breccia zones
was mapped in detall by #, A, Kaulnan,

A porticn of the geologlce mz2p showing alteration zones is
included with this report, Ceologlcal ilap of Quljotoa Area,

The poselblility of dlsseminated copper minerallzation in the
guartz porphyry and in the brececia zones was considered worth
testing,

Geochenistry

Some rock chip samples fron areas of outerop were assayed
by hot extraction nethod for traces of copper and molybdenun,
One snall area was slightly anomalous in molybdenun (five times
back ground), Copper values were uniformly near back ground,
Values are showm on the overlay to the geologlic map.

Geovhysics

An induced polaii‘ation uurvey with a Hunting 2.5 kllowatt
typc unit, using the three glectrede array configuration
0 feet and 500 feet spacing was carried out over the area.

An smonaly was recorded in an area 3000 feet east-west by
2000 feet north-south roughly where alteration in the quartz
porphyry 1s strongest, The snomaly 13 still "open" to the east
and west,

Chargesbility varles fronm 6,6 milliseconds to 14 milliseconds
agelnst a background of sbout 2 milliseconds, Hesistlvity
remained conatant at 180-300 ohn-neters,

-
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These results could be caused by sulphide mineralization
of from 135 to 37 by volune at a depth of L5 feet to 150 feet.
Coples of the resistivity and chargeabllity profiles together
with an interpretation by £,38, Nlchols are included in this
report, (appendix #2), :

At the request of Dr, James A, Noble, consultant to the
Papago Lxploratlon Co, a sscond induced polarization survey was
carried out over the same areas using variable frequency equipment
This work was done by Helnrichs Geoexploration Co, using ‘
Geoselence equipment and the expanding dipole-dipole OF iltran
electrode configuration., The resulis of this work correlate well
with those of the previous survey.

The highest percent frequency effect is on line #2. The
anonaly ls interpreted as due to sulphlide, which attenuates with
depth and is therefore possibly a horizontal layer, <Copleg of the
induced polarization dats of this survey and an interpretation by
F, Seward are included with this report, (appendix #3).

Annlication for lLeass .

Appilecation is made for a lease in accordance with the terns
of the !lineral Frospecting Fermit No, 14-20-0450-3736.

The boundary of the lease area, & rectansgle two miles east-
west by 3/4 mile north-south, runs as follows:

From a point 1/8 mile south of the southwest corner of See, 19

T 14 3, R 2 E,1t is 2 mile east to the northwest corner of the
lease arsa,

From the northwest corner of the lease sres 3/4 niles south
to the southwest corner of the lease area,

From Uhe southwest corner of the lease area two miles east
to the southeast corner of ths lease ares, :

From the southeast corner of the lecse area 3/4 miles north
to the northeast corner of the leasse srea,

From the northeast corner of the lease area two miles weat
to the northiest corner of thz lease arsa (starting point),

Thls area is shown on the overlay to the geologlc nap,
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Pron the lease area are withdrawn the followlng valid mineral
claims which have prior rights,

S » ftt

Part of 3tandard CGold # 1 262,500

Part of Standard Gold # 2 150,000

Part of ded Devil 600,000
Total 1,012,500 = 23,24 acres

Total area 960,00 acres
Less Clalims 22.34

Net area of lease 936,76 acres

The clains are plotted on the overlay to the geologle nmap
but thelr exact location is not known. The sections in the aresa
have not been surveyed., There 13 a prelizminary topozradbhic nmap
(subjJect to correction) on a scale of 1:24,000 published by the
U,S8.G.9, as Muijotoa & N,.¥., Pima County, Arizona.

The clailns and the lesse area are subject to survey and the
net area of the lease 1s subject to correction,
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AFPPENDIX #1,
Induced Polarization Survey Data,

Interpretation by H. 0. 3elgel




REPORT ON INDUCED POLARIZATION SURVEYS
PAPAGO INDIAN RESERVATION, ARIZONA

_ ON BEHALF OF _
'STEBBINS MINERAL SURVEYS, INCORPORATED

f

INTRODUCTION

Over the period of June 10th - September 6th, 1963, a geophysical
party under the direction of Mr. Robert Stemp, B.A.Sc;. , carried out
induced polarization surveys in seven areas within the Papago Indian
Reservation, Pinal County, Arizona. The areas are known by the
followingi names: Anomaly # 17,“ Anomaly # 25, Sif Vaya, Lakeshore
Mine, Vulture # 1 Area f# 2, and Reward Mine Road.

The purpose of the present surveys was to map the distribution
of metallic sulphid‘e mineralization beneath the areas covered. In the
present region these minerals may have a base metal association.

The reprint of’the writer's recent paper entitled ' Induced
Polarization and its Role in Mineral Exploration'', which is attached
hereto, describes the phenomena involved and the methods of measuze -
ment and interpretation of this type of survey. For the present survey,
high sensitivity Pulse or Transient type equipment was employed, with
a current-on time of 1-1/2 seconds and a measuring time of 1/2 second.

The observed primary voltages are converted, by formula, to

" resistivities", and are expressed in units of ohm metres. The secondary

LiMITER
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( polarization ) voltages are divided by the corresponding primary
voltages to arrive at the ''chargeability'', the resulting polarization
property characteristic of the region, and this is expressed in units
of milliseconds, as explained in the accompanying paper.

Any transition in conduction from ionip to electronic, and
vice-versa, will give rise to I. P. effects. For this reason all the
metallic conducting sulphides, including pyrite, pyrrohtite, chalcopyrite
and chalcocite, etc. and arsenides, will be detectible as well as graphite.
The latter may be expected to occur primarily in carbonaceous shales
and limestones, but not often in intrusive rocks. Occasionally abnormal
I. P. effects may be éxpe rienced from magnetite concentrations and
from serpentines. There is no way at present in which I. P. effects from
any one of these sources may be differentiated from those arising from
any of the others.

For the present survey, the equi-spaced three electrode array
was employed with electrode spacings of 250', 500' and 1000',

Geologic information has been provided by Mr. Q.G. Whishaw,

’

of the Stebbins' staff on only the first mentioned area, namely
Anomaly # 17,

DISCUSSION O F. RESULTS

The results in each area will be discussed, in turn, below.

CANADIAN AERO Minorad sy
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A) Anomaly # 17, Vekol Mountains Area

Ten lines at 1000' intervals were surveyed, oriented N 30° W,
as well as two short intermediate lines. Electrode sp-acings of 250
and 500' were employed, with station intervals equal to the electrode
spacing on the various lines. Both electrode spacings were employed
on four lines.

Plate 1, on the scale of 1" = 500', presents the chargeability
and resistivity results ip profile form. 4The profile scales are 1'" =
5 milliseconds for chargeability and 1" = 500 ohm metres for
resistivity. The observed background chargeability range appears to
be between 1 to 2 milliseconds. Values significantly above this range
may be seen on a number of lines, with peaks of up to 11.0 mﬂliseconds_.’j
Values of greater than 6 milliseconds are shown by shading on Plate 1
and peak locations are also shown.

Depth determinations have been made where two spacing profiles
were carried out on anomalous areas and the interpreted results are
as follows:

line 60 W, near 1750' N, depth of 250" - 300' to material of ©

chargeability equivalent to an average of 3% - 6% metallic

sulphides by volume.

line 40 W, near 500' N; 200' - 250" to material of 2% - 4%

by volume equivalent average sulphides.

CANADIAN AERO oinenal  &lomwarss
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line 10 W, near 750' - 1500' N; up to 500' to material of as

much as 10% sulphides by volume, equivalent.

line O, near 250' - 375' N; approximately 200' depth, to 3%

to 5% sulphide equivalent. «

\

Geological plans have been submitted, one on the scale of 11 =

830' covering the entire area, and a more detailed plan on the scale of

ltl

200' covering that portion east from line 20 W. A contour plan

representing the results of a ground magnetometer survey of the latter

area has also been submitted, together with the interpretation by

R. W. Whipple, on the scale of 1" = 200'.

a)

b)

The various I. P. anomalous areas will be discussed, in turn, below.

Line 60 W, near 1750' N; This lies under overburdcen in a region

between Pinal Schist to the south and sediments and quartz
porphyry to the north; It is not far from the Guadalupe Mine.
The anomalous area is still open to the west and north and would
require additional geophysical surveying to determine its extent.

If it were necessary to investigate this indication by drilling based

L é

only on the present information the following hole would be fe-
commended:
Collar on line 60 W at 1750' N, drill vertically for 400'.

Line 40 WV, near 500' N; This is an isolated, low order I. P.

indication, whose chief merit is that it lies in an overburden

covered area, with Pinal Schist to the south and quartz pordayry

CANADIAN AERO oinncrad oy,
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d)

e)

to the north, about 400' east of a region marked ' geochemical
anomaly' on the geologic map.

, No action is recommended on this indication at present,
pending the results of drilling of some of the more prominent

chargeability highs.

Line 10 W, 750' N and 1500' N. These peaks lie directly on

local magnetic ridges of the order of 300 - 400 gammas peak
amplitude, in an overburden covered area. Whereas the 500'
spacing anomaly amplitude is not large ( 7.8 milliseconds ) the

very low response on the short spacing suggests that the depth of
cover may be as much as 500'. Short flanking lines 600' away on
either side show considerably lower amplitudes. The depths |
deduced to the magnetic anomalous material are much shallower,
namely 250' on the south zone and 90' on the north. A hole to
explore this anomalous area would be as follows:

Collar on line 10 W at 750' N, drill vertically for 600'.

Line O at 250' N; This is also directly on a magnetic ridge, of

’

amplitude 300 gammas. In this case the magnetic depth is' -

estimated at 40' and the I. P. depth at 200'. The L P..anornaly peaks

just south of an outcrop of quartzite containing some malachite stain.
A hole to explore this indication would be as follows:

Collar on line O at 300' N, drill‘ vertically for 400'.

Lines 10 E and 20 E; Three local chargeability highs occur on the

CANADIAN AERO o/lisocbad ,@f/wq;é
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250' spacing results and all are in overburden covered areas

near outcrops of limestone showing varying amounts of skarn

alteration, magnetite and minor copper mine ralization. All

lie on or near regions of magnetic activity. A suitable exploratory

hole would be as follows: \

Collar on line 10E at 1875' N; drill vertically for 400'.

In summary, therefore, at least six areas of moderately abnormal
polafizafion response have been indicated by the present I. P. survey in the
Anomaly # 17 region. Where magnetic data is available there is good
agreement in location between the I P. and magnetic anomalies, whereas
the magnetically interpreted depths are invariably less than those deduced
from the I, P. |

The I. P. results could be caused By a number of zones of
disseminated sulphides, ranging from 2% - 10% by volume in average content,
which have been oxidized down to the depths indicated. As copper or iron
oxides, carbonates and silicates give no I. P. response they could be
present in the oxidized zone. The observed magnetic anomalies.with
which the I. P. indications often correlate, are likely due to magne'tit'e': of
contact metamorphic origin. The intrusives which outcrop in the area
e. g. at about 2900' N on line 20E, are only very very weakly magnetic.

The present I. P, lines are generally 1000' apart and therefore

do not properly define the anomalous indications. In addition, the larges:c

amplitude re'sponse, on line 60 W, is still open to the we Stv”and north, off

CANADIAN AERO /picsadd ,@f/f,o;/é
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the survey area. If the exploratory drilling recommended above should
develop any interest in this area, further fill in and extension I. P. line s
would be desirable to guide additional drilling.

The lécation of the four recommended drill holes is shown on

Plate 1.

B) Anomaly # 25 Area

Five lines, at approximately 2000' intervals, were iraversed
across this area, on a north-south strike. Electrode ‘spacings of 500
were employed on fhree lines and 1000 on the two others. Station in-
tervals were equal to the electrode spacings. The mean line length was
approximately three miles.

Plate 2, on the scale of 1" = 1000', shows the results of these
traverses, in profile form. The chargeability ;cale is 1" = 5 milli-
seconds, and the resistivity is 1" = 1000 ohm metres.

The observed chargeabilities are all less than 2.5 milliseconds,
which can be considered to be in the low normal ( i,e. non-electronic
conducting ) range.

. The present geophysical results rule out the presence of at 1é;ast
the " po'rphyry copper“ type of base metal deposit, in sulphide form, within
at least a depth below surface equal to the electrode spacing employed.

C) Sif Vaya Area

Three lines, 2000' apart, were surveyed on a north-south orientation
P ¥

across this area. Electrode spacings and station intervals of 250' were

CANADIAN AERO o//iecned ,6/5/’/&0’6/5
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From Septe

1o Novermn:

(I.P.) survey was carried out by Hunting Survey Corporation Limited over

part of the Papago Indian Raszrvation, Avizina for Raating Geophysical
Services, Inc. Tha wreéa survevoa s locatzd approxirnac:zly 130 miles
southwest cf % ucson, Arrmo.*a
The survey was performead by a five-man crew. Tax ‘wusonysicist
in charge of the survey was J. Lloyd of Hunting Sur.vey Corporatic: L.imited.
Hunting Geophysic: ~vvices, Inc. suppiicd the I.P. assistants reguired
The soozhysical survey was carriz ! out alcag chained picke: lines

or approximately 8.4
consisted uf reading

taken at 23J-foot intervals wherever

T

Y - "4 -
rthwest dir - ool

onoand ave dosiznat. o

s lire designated by tha

grid system -iovided a.total of 44,250 fc:.

basic covevage oI LUt osuTvay

s at 500-foot iniervals with additional readin;s belng

necessary.

The data weas ohtained with the "ihree-elecirode array' corligu-

ratici.. Thi:

L’)

eleciroces

at infinity"'. With this configuration C;, 2;

1

in 300-{oot jumps. T

Cj-P;. Two electrode spacings, 2

array ccnsists of one current

Ly and P3), the seconcd current ele

e values were plotted

o

50 feet and 50C feek, worz used to

eleciyode (&4), two poteniiz

ctrode (CZ) romaining Sxed

and P, are moved in uniso.:

e




survey the lines.

The Hunting pulse-type instrument is similar in design and

operation to those described by X. W. Bealdwiz in "A Decade of Develop-
ment in Overvoltage Survey', A. . M.E. Tryangsactions, Vol 214, 1959.

Power is obtained izom a Brigce and Stratten motor couniid o 2 00

CyC

y -

¢ generator which provides a moximum of 2,000 watvs d. c. o the
ground. The cveling rate 4s 1,5 scconds current on anc 0.5 seconds
current off, the pulseu yeversing contiruously in polarity. The data
collected in the field consists of careful measurement of the current (I)

in amperes ‘lowing through elecirodes C, arnd O, the 2rirmary wvoltaze
L 1 2 : >

(V,) in volis appearing between Py 2nd PZ during the “current on' part

o)
of the cycls, andthe se.cén;‘::;ry veltage o overvoltage appeaving betv.een
electroCes P and Py Juving the 'current off"' part of the cycie. The
latter voitage is integrated electronically with respect to time, to pro-

v1db & measyrement of polarization (V3! Ininilivolt-seconds. The

"apparent chargeability'' in milliseconds is calculated by dividiag the

[\‘.

polarization (V) bj the srimary voltage (V). The "apparent resistiviy”

in ohm-rnetevs is propurtional to the prirmary voltage (Vp) .divided by the

mecasurced cuarrent (I), .ie proportionality factor depending on the gcometry

of the array used. The resistivity and chargeability Obual ned zre called

s}

"apparent' as they are the values which that portion of the earth samplec

by the array must have if it were homogeneous. As the earth sampled is

usually inhomogeneous +the calculated "apparent resi vity'" and ""apparent
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chargeability' are functions of th

w
et
H
e
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of the various sections of the earth sampled ancd of the geocme:ry of those

The results of the survey are showrn 22 the individuzal profiles in
the Appendix of this report. Trose proifiic: have 2 horizsatal scale of 1
inch to 250 feet. The "anparent char jeability' is plotted at z wvortical scale

e

vertical logewizihimic scale of 2 miles per logarithmic cycle. A map at a

-

scale of 1 izcx to 500 feet showing contours oi chargeability a
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Fky
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electrode specing is located in the pocket =t the, rear of this . :ort. The

ement of the 1 iack to 1,000 feet gecleogieal i wrovided

by Hunting Geophysi-il Seyvices, Inc. Some discrepancics in station

o S =y X 5 N r
location apnecar to exist between the map and the I.P. nronle:z. Tt has
b 2eff £ L "

1

been neccessary, therefore, to locate the proefiles on the mizp by meagns oI

[¢7]

the hizhway. Each proiile has the highway marked on it so that cruss

7

reference between the map and the profiles can be made.
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INTERPRETATION

The techniéue used in the interpretation is based on the assumption
of a layered cartk. The complex problem of the combined ef-fects of depth
of burial, width, dip and true chargeability of a vertically n:xfheralized zone
plus the physical charactcristics of the overburden and country rock have
not been solved practically. However, certain rule-of-thumb plus the
experience gained from test surveys over known ore bodies permit cer-
tain estimates to be made. Thus thc maximum possible width of the
causative bodies are indicated on the accompanying profiles, with the
understanding tlialt the body most probaSly is narrower than indicated.
Rough depth estimates are possible in some cases, but it is neccssary
to know the clectrode spacings at which maximum response is obtained;
thus 2 minimum of three electrode spacings across the anomaly «xe
usually required.

The interpretation of the survey data consists of a careful
analysis of each individual profile. The resuits of this analysis are
shown by uppropriate symbols on the I.P. profiles in the Appendix of
this repo;lt. . These results are also transferred to the interpretation
map in the pocket at the end of this report using the same symbols.

Due to the high degrec of complexity of the interpreted I.P. results
and to the atscence of.gcological data in certain parts of the area, caused

by the presence of overburden, no attempt was made to outline in plan



form the various zcnes by use of contact or similar symbols. Instead,

0]

possible relationships between zcaes of d:’ferent lines are show: by lon
arrows.
The symbols used warrzni some further discussion. The "zones

of special interest’ (cross-hatched] represent ihe causative bofeg of

specifically recognizable anomalies mea vred firom proiiles observed

with the shortest electrode spacings. Thus, the width 1L.d1catacl iz the

probable width nearest to the bedrock surface and need not represant

the true width of the body at depth. The "zones of possiblc interest"”
(single-hatched) are anomalous zones which cannot be broken down into
individual bodies, or zones which show lower chargeability {less minerali

seaturecs of the I.P. deta are indicated

,,_.A

zation) or greater depth. Specia

[

b

by arrows besween limiting marks zlong the profile and are explazined by

notes, both on the profiles and on the map.

Where 2 ~~eximum value of depti “s shown, it is believed that more
ofter: tha.. not the actual depth will be found to be one-half, or less,; of
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the maximurm shown. It is to be note
properly called dist:sces to the body, the distances being measured in
ane perpendicuiar to the line and to the ground surface. This is due
to the fact thas the I.P. method samples a certain volume of the earth

and therefore the causative bodies do not necessarily lie benedis. the

lines surveyed but could be located to one or the other side of tize iine.



Such an OCCurrence js cailed 3 ""'side effectt:,

As Previously ¢Xplained, the Mathematjcg] Problem

of the
tween the width, the depth z

relationship be nd the true> chargcability is
solved in the case of bodic:s of limited Vertical crosg Sections, Thus,
only a minimum chargeébility in milliseconds is shown,
‘ shows that one percent Sulphide

by volume Wwill cause a chargeability of
3to8 milliseconds, In other words, inimum chargeability of 12
milliseconds indicates an absolyte Mminimy

™M sulphide content of 1. 59,
but the sulphide content could algg be gre

ater than 49, The Sulphidesg

between chalcopyrite and pyrite, '
The resis"tiv_ity measurement Teémained fa’irly Constant, 'throughf-'

I L[]
out the area, at 180 to 300 ohm~mcters. The weak variations obse

rved
are mainly due to ch

anges in bverburden Propertics and in its thickdess
and are not Considered Significant in the present pProblem
The interpretatior.mlof‘ the I. P, data basocl on all axir.azlal.)le d:ata is
Presented in the following paragraplls. | |
The chargeability Measurements indicate a fairly large aﬁomaléu_s 5
zonc lyillg apéroxi ~ately in an east-west direction. A normal backgr.cﬁimr‘z
va

luie of chargeability of 2 milliseconds is obse
anomaloys Zone.,

rved on all sides Of, the

Over the zone the chargeabilit_y reaches a makinﬁun{ of
11.8 milliseconds on Line 5, The resylts obtained wity the two ¢lectrode
SPacings show Similar chargcabilitics at e

ach station indicating that the |

not
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causative body cxtends to depth.

Lines 1 and 2 indicated a fairly well defined anomaly extending

a

[eH

from 0+00 to 3+75S giving a wicth of 2,375 feet. However ‘th;re L
possibility that this anomaly consists of two zones. Calculation; carried
out indicate the true chiargeability of the anomaly may be as high a3 9.0
milliseconds and that the causative Lody is at a depth of approximately
100 feet.

The results obtained over Line 3 indicate only one ano}malo-.:e'
zone extending from 5+00S to 17+50S. Calculations indicate the trus
chargeability for this portion o the anomaly to be a minimuri o 7.5
millise.conds. The depth to the causative body is approximately 125 feet.

Line 4 indicates a widening of the znomalous zone. As Line 4
lies 500 feet to the cast of Lines 1 and 2, this widening indicates that the
two zoncs indicated on Lines 1 and 2 have apparently mergcd into one
zone. The calculated true chargeability of this zone is 7.4 milliseconds
and the deptlk of the body is less than 100 fect.

A fair’v strong anomaly was located on Line 5 centered at 10+00S.
To 'the north of this zone the chargeability remained fairly high indicating .
a probable change in the country rock. It is, however, possible that the
mireralized zone swings to the north and is the cause of the high charge-
ability readinz found on the north end of this line.

The results obtained along Line 6 indicated a fairly extensive

zone extending from 27+50S to 5+00N. However this anomaly may be
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found to consist of two zones. Ti’le true chargeability is found to be 8.0
milliseconds and the depth of the caﬁsative body is approximately 100 fect.

Line 'A', the cross line, indicates two main anomalo_us zones
showing that the anomaly located byA the north-south line is approximately
3,000 feet long. The high readings located between 12+50E and 20+ 00E
are in all probability due to side cifccts from the anomalous zone as it
extends casiward beyond the survey arca of Linc 'A'.

A maznctometer survey carried out over the same lines as was
the I. P. survey indicated no magnetic anomaly. It is, therefore, thought
that any magnetite present must be in small amounts and not sufficient
to cause the I. P‘_. anomaly.

Geologically the anomaly appears to be suitably located within the
quartz porphyry. Zones of alteration and discolouration are to be found
surrounding the anomalous zone. The breccia pipes do not appear to be
the cause of the anomaly as many are located outside of it.

In general then, this large anomalous area, which is still open at
both ends, appcérs to be suitably located and the chargeabilities indicate
that the anomaly could bq caused by a body containing 1% to 3% sulphides
by volume. An expanding Wenner electrode configuration indicated the
depth to the body to be approximately 50 feet. Other depths calculated
irom the I.P. pro;‘files range from 50 to 150 fecet. The accompanying
profiles and interprefation map shows possible trend patterns based on

information available. Although the trends may be considered to be

" 4



fairly well established, their lateral extent and position is still open to
question due to the possibility of side effects. Thus, it must be
remembered that the bodies indicuted may or may not reach a specific

line, and may become more or less significant in between lines.

«

“In
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SUMMARY AND RECOMMENDATIONS

An Induced Polarization survey was carried out over a small area
in the Quijotoa Area of the Papago Indian Reservation, Arizona. A large
anomalpus' zone was indicated, probably due to the presence bf sulphides.
This anom:zly is approximately 2,000 feet wide and although it has been
traced for a length of 3,000 feet, it is still open to the eastl and west, A

number of calculations were carried out on each profile and the true

chargeability of the zone varies from 6. 6 milliseconds to 14 milliseconds.

The depth to the causative body varies from 45 feet to 150 feet. The
amount of sulphide mineralization present to cause an anomaly of this
type varies from 1% to 3% by volume.

A mzznetometer survey carried out over the same lines as the:
I.P. survey indicate no magnetic anomaly, and therefore there is no
réason to suspect thar magnetite is the cause of the I.P. response.

The anomaly is located within the quartz porphyry and is sur-
rounded by areas of discolouration or alteration. It is, therefore,
believed that the zonc is suitably located and should be further nvesti-
gated.

Insufficient I. P. work was carried out to completely outline the
anomalous zone. It is recommended that further I.P. work be carried
out to completely Outiinc the causative body and to further investigate

the high chargeability readings located on the north end of Line 5.

I‘."
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It is further recommended that the anomaly located to date

be

investigated by diamond drilling, as the economic significance of the zone

must be determined by visual examinaticn, the I.P. method cannot dif-

ferentiate between economic and r.on-economic sulphide minerals.
following locations are recommended for diamond drill hoies:
Lines 1 and 2 - vertical hole at 17+50N

Line 4 - vertical hole at 10+00S

In drilling, it must be remembered that due to the wide interval.

The

+500

feet)

between lines, it is possible that the causative body does not reaca the

particular line on which the anomaly is observed.

‘Should the results of the drilliné prove encouraging then, of coursc,

further work should be undertaken to completely outline the anomezious

zone.

HUNTING SURVEY CORPORATION LIMIT <D

E. B. Nicholls,
Geophysicist.
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I.P. PROFILES . Lines-18&2
3

> O WV D

3-ELECTRODE ARRAY

Sta. Loc.
Pz * Py Ci

(09) e o) 8 sle— 00—
& iz 2 |

wre

INTERPRETATION LEGEND

W-- Area of special interest
[/////1 -------- Area of interest

[//,?’//1- - Areo of possible iiirest

I



RN 18 R

....k.vl.?xl .

b \_A*‘b b » 4 3 = - weeel b : Bk il
PRI U T SO S S S S S **1L»

f. - } .

o5

B I e

..tj.‘ Vi & J g e
Fa

=& 4
ns

Cnl &.u..,_.,.__.....ﬁ,u
- Io!frllr -
ry....... -1 _,0'1’ b
..L‘P .-‘..*wu'MLr‘v\%vT ui"

1 ST Wt T W 9 ) O S

33ives .,L_w..:%..rTL' k

-1
Q

(@]
Stat

R U b Wl L S

wnb'i

Fo r
154 HY

A

by

+

4f. > :

2

ween,

s

oy
 GED

i
+

T

onal

LGE
Hs

diag

Pima:

Surviey

ng. |diaga
th . {rom b

&
B s

S =
INTIN G

t
i

|
L.

v...A<+‘ L. ﬁl .”.v.q.,

_..ft?.

E
én
B

nIE'o'r
RETR
i
!
L
|

EINR]C

—

.11...
T 7

..ru.u_,.
et .

rbeadbe rid

Tr.wf,:_r;.. et b g
. ...rr.. .J.JPLI
ri FESTS SPC TN S
' 5.1:: Hoidpery
WK i.ﬁ.e rtTr: lf{v. -

codetoabogis

,..‘.vT»T.tcz
' '
ey rdan g e

rve

i pyme e e g an

{ ! 1 f
R o Tty oS ) 4 s *—.'IA.O B S e

b e § by .....3..:11‘-.41. e

NP EERE 11 REENE I A A PR PR

ribeddiad istsich
e AR .
,M«.Lp».i,

E

umi
...v. . T‘

1

a

T ....l....r.Tru.?..<|.....
| |

s

.4._< : ey
.,..»..v+..,-..x !.,,...W‘.
R T I e

&tieu

¢

Fiatd Dat
il

‘
e

(PSRN &8 R/ | SR
X o i .
e e e i

A b by BB U bt w5 ) sl

i

bt

SN R s By

GEPUPUBCE P NI GRS ,JIY,,va . ——
5 41.? P R Js e (‘J« et o o o o

RS NS RSN SIS DN 4 e

£

+
sodioe
.

i

“+

4

-

S G S O T (O (W
« 4.3
w4 =4

Ay
s 1
O
o«{ -+
i
hea
:

1
]
i
i

e d r*lo‘rl! B B T T SIRTEP I Qe

e T
+

‘ ] !
2 ciliediene b b i bap bl s e e g e e

.

bt

.
+
+

-
+
3
i
+
+

B R SRR S e S Cde b n,ﬂ,.« T e

-—
’
-
$-
T
i
4

e

.Or. gty .
Cie ‘IMHT% 15y RSB QS SE N ST e st R e dorit e 4 k....;. L (-, |
wli ki e : g ! : 1 FENE!
dliin b e o + i gt iy gty ! 11 1
b bty 4y I L e R R L R ‘s~ r.iw.. -]
L:.C,l;_.. PR (N SNETUEN L SFPY TRV [ S TOIE 0 . .c;f.LLI,-r R G kn.:..thq bzt
L

b’ .8 oy }..ﬂlf " oy ‘ s T I AP R D e el T S e PO IRl GOy tao.‘ b vfes o A
UT;.. red s ebo dos oa bt b4 ~.'l,1.—,711.r¢..‘1‘v%4kvl?$ g vetddia b b b b
o PR . N \ L ‘ ' ® 4 . N i
fes .l\ﬁwﬁr. + ,_ ,.—fr}' .A‘ﬂ?i‘ivrlll‘.v. Ean P + 4 . . e B —-
R T I B _.*:.‘»...L.JL_ = §o av ey wimiay B R e e I Sl S

7 Pl (g G 0 s B _r.ﬁ.: R R
4o ..._I. TX.T ppbb e *.A»‘.v.aﬁ .»hr....l.%nJ Y e G S & *p..»Af.J.b_ . aiadior ron

B L T e

Sadeetdbossddomid izt :.:— Log idniae

A e L e T e

e ‘w..JJJ;.T
fhLdog

i
Vr_,.o.:._..?. L e .r1r.”..n.r;.—.4.1ﬂ:.|t.,,,' T.

H...__M.H.q.!:.w._.:, X

Lot i bilse FN O S0 ) A - 7 SR END S W

~ [ 't} A ] Y] o

o
10

\ . € HONI 83d SNAISIAIC 01 X S373A0 2
4 0 oM 3TV . DIWNHLIEVOO - INIS
. ‘03 N3IOZLIIA INIBAS : . ®3uvd HJAYED N3I9zL31Q O1Z7-dOrE ON




A

APPENDIX # 3,

1

Induced Polarlzation Survey Data,

Helnrichs Geocexploration.




INTRODUCTION

From January 18 through January 25, 1963 Heinrichs Geoex-
ploration Co. conducted induced polarization surveys over part
of the Quijotoa Mining District, Papago Indian Iaservation near
Covered Wells, Arizona. This work was performed at the recquest
of Mr. Quentin G. Whishaw of Hunting Geovhvsicel Services, Inc.,
under the supervision of Mr. Franklin A. Seward, Jr., geopdhysicist,

with E. Grover Heinrichs, Chris Zudwig end Floyd danly assistiz

The twofold purpose of this work was to first test anm I. Z.

w
D)
[¢]
O
4
o}
)
O

anomaly mapped by Hunting Geophysical Services zad
provide a direct comparison of the Eunting data whick sas obteined
by the time domain or pulse methcd 2ud the data of this repor:
which utilized the multiple frec..ocy tecanijue.

Included with this rzzort are sectional cavi sheets Ior

each of the four lines surveyed and a plan location map, a depth

curve profile on Line 3 and self potential profiles.

HEINRICHS GEOEXPLORATION CCl4PANY



CONCLUSIONS AND RECOMMENDATIONS

1. The anomalism observed is definite, but comsidered to be of
only moderate absolute magnitude. It i1s interprated to be due
to sulfide mineralization aand compaces with rataer surprising
similarity to the previcus pulse rezults.

2. Data on Lines 1, 3 and 4 indicate Icfinite zicenuation of
sulfide involvement at depth.
3. Data on Line 2 is suspect @t least in part due cc »roximity
of Line and electrodesr to parallel fence.

L. Iine 4 repeates with two epd on spreads of 500 ft. divolies
would probably ¢ive xmuch more definite east-uast boundary inter-
pretation.

5. TLateral vesolution i: best on Linz 3 and least on Line 4

6. Letevral resistivity ichomogeneities preciude diserete depth

analyses. One depth curve analrysis on Line 3 inlicat:s a. thickness

of the wupper layer of 5CQ I:.

PROCEDURES

Tines 1, 2 and 3 were run aiong Hunting Geophysical Linzs
2, 5 and & vesrzctively, centerad as indicated on the »lan map,
using a 500 ft. dipole spacing. Line 4 was run aleng dunting

Line 7 Ccen-zr:zi as indicated at 1.0 souch on Iine 1 and usiag

a 1,000 ft. 2u1:ole spacing.

HEINRICHS GEOEXPLORATION COMPANY
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Observations were made from the expan

D-l
TN
o}
gQ
[aF
'.l
L)
O
’._.I
W
]
[pF
He
U
O
+ - |
()

-

or Eltran electrode configuration which has become standard in
the industry for those using the frequency domain techniqu

2.

A D.C. frequency of .05 cps was used throughout the survey
except when receiving the 5th and 6th separation data on Lines
2 and 3 and 3rd through &th seperation data on Line 4 where high

telluric noise-to-signz' vatio was minimiIzei by using .15 cps.

The A.C., fracuency used was 3.0 cos.

INTERPRETATION

and the plan maps as biank, dashed, single bar, single bar and

dabhed and double bar lines indi::szivz the ralacive degree o
anomalis: ~:served and respectively, cthe wsuons very waak, weak,

moderat: and strong are used to indicate the strenglia. XU - ould
be emphesized that these terms ave used in 2 relative senze only

-7 g T S £~ - 1
soluce degres Or gaomasnism

(@]
o)
U

and may be only indirectly related to
or intensity of mineralizatiom.

r 1lines correlates well .l Zi:

®
[
¢
s
O
Fh
ct
o
[
Fh
O
£

The anomel™ ot

o o lTL

that mapped by Uoating. The highest absolute anomalism (Wl

2. On the other hand much if not all of these data zre subjec

to question regarding degree oi sulfide involvement because oL

S

the close proximity of this line and the current elect

HEINRICHS GEOEXPLORATION CQOwm&rmny



parallel grounded wire fence. In fact it is almost certain that
the data on the 2.5n to 3n dipole was strongly affected by‘tue
fence and it was not rezsonablz Ifrom Tz cbservactions made to
compute frequency effects or metal Zactors on tne last three
data points.

-

with the

)
T
)

&)
o

(

¢
R]
(@)
w

Line 1 shows a distinct anomaly from I.

5]

om 0.5¢ to 1,5s. The best pattern is observed

L
Hy
n

strongest effects

)

on Line 3 which offers the highest degree ¢f resolution although

not necessarily <he highest magnitude effects.

The 1,000 fc. dipole,Line &4 offers the least laceral w2801~

ution &-. the lowest magnitude anomalous data.

v <1l of the lines, with the possible excepticn of Line 2

-

(of th: questionable dats), the amemaly appears o attenuate
with depth, indicating -that perhaps the minerzlized zone is a
relatively horizontal layek.

the

A number of dzsth analyses were attempted con cach of

1

lines, but in zen=ral lateral resistivity changes nrevented any

1

5.5¢ 4o 1.0s, gives a depth to cthe top =I the secord layss of
500 ft, a resistivity of 70 ohm ft./2pi for the top layer anc

resistivity of 210 ohm ft./2pi for ‘he bottom layer.

Respectfuily
IRINRICHS GZO:ZPIORATIL

//‘ ’/' /
,45;Zz;aaﬁ#4 d&4;9249”

January 30, 1963 Franklin A. Seward, Jr., Geopnysicist
P O BOX 5671 HEINRICHS GEOEXPLORATION CO.\'!'PANY

Tucson, Arizona -4 - o
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