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o ExHIBIT A _

Girard IR S ]:;Q L TR T Novenber 22, 1965

V. F. Hallister ‘All Concerned

Bacterial Leaching of B.S. & K. Exploration Composite

Total copper extraction from the B.S. & K. exploration compbsite gave a recovery of
77%. Recovery from acid-soluble copper fraction was about 85%; from chalcocite .
' copper was 82%; and about 51% from chalcopyrite. : '

* There is no requirement for purchased acid. An initial acidification would, how-
ever, increase the initial copper production.

" Microscopic examination of chalcopyrite particles revealed substructures of that
mineral species within a network of more soluble chalcocite. The new surface ex=
posure generated by the dissolution of <chalcocite is believed to be responsible

~  for the increased extraction from chalcopyrite.

Background

It was requested by the Exploration Department that a bacterial leach test be run

" on specified drill hole samples from the B.S. & K. location to determine the acid
consumption of the ore, the response of the ore to copper recovery by bacteria and
“to evaluate this response in terms of our laboratory experience with other ores.

" The test head consisted of specified intervals from drill holes 300, 301, 302, 303
‘and 305. I : . P _

Purpose

It was the purpose of this experiment to determine in a bacterial leach process:
1. The total recovery of copper over a four week leach peiiod,
2. The copper recovery from each of the mineral species,

3. The total acid consumed and the purchased acid requirement..

Procedure
J

The composite .sample was crushed to pass 10 mesh, the minus- 100 mesh fraction re-
jected. Four test charges were split out from the minus 10 plus 100 mesh sample
 fraction. An additional sample was removed for chemical analyses, the results of

which appear in Table I.

One hundred grams of sample were charged into each of four percolation columns.

. One hundred ml of sterile barren leach solution were added to each of the columns.
The columns were each inoculated with 25 ml of an 8 day culture of T. ferrooxidans
having a population of 1 x 108 bacteria per ml. The percolators had an adjusted
air flow of 50 to 75 ml per minute. Each week the solutions were drained from the

" columns and submitted for copper, iron and pH analyses. The copper present in the
sterile barren leach solution was deducted from the total copper recovered.




.».I"‘,t‘..-: ] ’ . | o .
‘.. The ore in columns 1 and 2 were contr)l.ed at pH 2.0 by daily adjustment with sul-
i furic acid. ' . o _ '

‘?'The ore in columns 3 and 4 was initiailj fed a solution of pH 2.0. The solutions
. fed the columns the second and subsequeit weeks matched the pH of the effluent =
. solutions of the previous week. ) ' R

Upon termination of the test the columns were drained and rinsed with 20 ml of pH
- 2.0 distilled water. The combined solu:ions were submitted for analysis. The

.- columns were then rinsed with two 25 wml portionms of barren leach solution followed
. - by a wash with 100 ml of one normal H;S); for five minutes. The columns were then
... vinsed with 20 ml of pH 2.0 distilled water. The combined solution, submitted for
o analysis, represented desorbed ‘and dissolved ferric and cupric ion. The columns
oo were then given a final rinse with 100 ml of pH 2.0 distilled water to determine

;. the quantity of copper and ferric iron remaining after strong acid treatment. This

. solution was submitted for analysis. L 3 g
. The ore was removed from the columns, dried and submitted for chemical analysis.
. The test data are presented below. . I S |

TABLE I

B.S. & K.’ LEACH TEST- =~ - = T
+.. SAMPLE NO. B R 3
 Assayed Head, % A-S Cu ' . 174 - S
" " %2 ce Cu i - 269 ‘ oo B .
" " % cpy Cu L 091 o o gig .
i " % Total Cu " . . ~ 4535 - ! T VA I
" Calculated Head, % Cu 7 . .510 , .555 . .48l 520 b
- Residue, % A-S Cu . .022 ,026 * .. .023 ., .028 Co
e . % cc Cu:. . . .048  ,048 . .045 050 .
" % cpy Cu 046 .046 ... .046 ,043
S % Total Cu -  .116 . .120 - 114 121
.. Copper Extracted (#/Ton) .- 7.90 ~ 8.71 0 7.33°0 7.92
" . {#HyS04 Consumed) (Total  17.0 - 18.1.. . e =
Per %Cu - 12,2 13.4 ' 1 11,3 12.2
i+ Ton Feed* : Gangue - 4,8 4,7 - - -
R Distribution% _ {Filtrate ©77.5 - 78.5 ¢ - 76,2 76.1
%Cu Residue -~ 22.5 . 21,5 % 23.8 23.9
~.. #2804 Consumed %Recovered S2,2 2.1 L - -
" Per ilCu Available 1.7 - 1.6 ° : - -
. % A-S Cu Recovered : - 87.5 85.1. 86.8 - 84.0
i % cc Cu o 82.2 82.2 - - 83.3 ' 8l.5
- % cpy Cu " 49.5°  49.5 49.5 52.7 ¢

uf*.The acid consumed by columns 1 and 2 (duplicate) was based upon actual acid ad-

dition to maintain a pH of 2.0,

¢

g

:?i‘Data and Results: .~ *. o , S

Copper Extraction

W’Slightly morxe copper“was extracted from the columns maintained at}pH 2.0 (columns
21 & 2) than from the columns with no pH'control (columns 3 & 4). An average of
... 78% copper was extracted from the columns maintained at pH.Z.O wh

ile only 764 was

R
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per extracted from the- cc lumns with no pH control (see Figure I,
h the exception of the {" st week's extraction, the weekly ex- '
efit could be derived from an ini-

I

"+ the average cop

' Table II). Wit
traction is identical and indicates tua. a ben

f? tial dump acidificatiom. T T
. . Lo : e

" peid Consumption by Columns One and Tao |

)1led columns is given in Table I. Table

* ‘The total acid consumed by‘the pH coﬂtr;
-olled columns gives a breakdown of the

'III representing the average of pH coat.
acid consumed or produced by the ore anl solution each week and cumulatively.

L‘;'Table 111 an§ Figures LI and IIL gives speecific information or the consumption of
" acid by oxidized ferrous ion and the ne: acid consumption by the ore. The total

" acid consumption is the actual acid rec2ssary to maintain the system at pH 2.0.

Lff This acid was consumed by the ore ang ferrous ion oxidation in solution:

2FeS0, + HpS04 + 1/2 0 —E2CEEEi3, Fe60) Hy0

and solution and the acid consumption by oxidized "
and cumulative basis. The

It will be noted that,
e ore than was being con~-

[

«. - The total acid consumption by ore
.. ferrous irem are illustrated in Figure III on a weekly
. met acid consumption by the ore is shovn in Figure IV.
" after seventeen days, more acid was being produced by th

" sumed by the ore and solution. : T SO

‘

" Acid Consumption by Columns Three and Four

" 'The acid consumption data by the columns with no pH control is presented in Table .
IV and illustrated in Figures IV and V, The acid consumption is based on the

'“: actual ferric hydroxide formationm:
Fe, (50,) + 68,028 ~2=D-2Fe(0R) 3 + 3H250,

: production of acid through ferric precipi-
 tation. A rise in the pH of the leach liquor throughout the test represents, also,
‘These two factors are combined in Table IV and Figure IV -
from Fe(OH)3 formation." The acid
deducted from Figure IV to give the

|~ The system is kept beiow pH 2.7 by the

-* an acid consumption.
under the heading of "total acid consumption

aff,consumption by oxidized ferrous in solution is
.+ net acid consumption represented by Figure V.

cid Consumption Data From Each Column Pair

}i_Comgarison of A
‘:';It will be noted from Figure V that the weekly acid consumption approaches zero

. asymtotically with time. The pH of this system seems to stabilize at 2.35 over
.. the four week test. In Figure 1II there is a net acid production. It follows,
+. then, -that gangue consumption must be greater in the pH concrolled system since

"t acid produciﬁg'constituents in the ore have been released.

columns give a true picture of the acid consumption necessary to

' The columns with no pH control were designed to indicate any
Other than the benefit to be derived from initial dump
luded that no additional acid need be purchased. :

. The pH-controlled

. maintain a pH of 2.0.

. .meed for purchased acid.
- acidification, it is conc

e Used in This Test

'f7 The Structural Nature of Chalcopyrit
ical analysis of the chalcopyrite mineral

.. species that the recovery was 12 to 25 times greater than most reported results
" both in-our laboratory tests and in the literature. previous work with Battle
- Mouantain ore yielded,'in certain cases, results similar to those in this test with -

w3 |

“ It was moted from the results of chem

K
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. chalcopyrite. These prior results we:e regarded with suspicion and attributed to
. inconsistancies in the analytical proz¢iure., Since a recovery of about 51% occurred
. with this mineral species, it was decil¢gd to resubmit the samples for analysis.
. The samples were leached for seven miit:es and twenty minutes with cyanide in two
| separate tests to determine whether all'the chalcocite had been removed prior to
. the analysis for chalcopyrite. These tgst: results were in agreement with each
' other and those first reported. o ‘ ' :
" | It was then thought that this chalcopyrite must be structurally different from
other specimens of the same mineral ep¢:zies. A polished section was made of the
" sink fraction of a heavy media separaaqan A microscopic examination of the chal-
"' copyrite particles at 450 power reveel:l intimate intergrowths of ¢halcocite re-
'?Eplacing chalcopyrite. - : Coh :
. A 48 mesh particle of chalcopyrite, fou example, exhibited a subparticle size of
.. 400 mesh in many cases. Since chalcoc.te is readily leached in a bacterial system
/. the surface exposure of chalcopyrite i greatly increased as leaching proceeds. ‘

Based on our laboratory experiencé with unaltered chalcopyrite from the bottom of
the Esperanza pit the recovery from L.i. & K. chalcopyrite is 1040%Z greater.

A microprojeccion of a typical’chalcepyfite‘particle; {1lustrated in Figure VI,
was traced on thin translucent paper, . . . .

- Conclusions

L. Copper exﬁraction over the four week test period gave a total recovery of about
. 77%. Recovery of copper from chalcopy.ite about 51% and was 10.4 times greater

than expected. Microscopic examinatiop revealed the special nature of this mineral
- species. . ’ S ' v o

2. The data indicate thaé purchased acid is not neceséaty except for the bemefit to

L'\ be derived from initial dump'acidificatiom. -

f'Geor A. Girard
‘i Process Chemist

I PR
L . ‘ . -

- ees R. W. Livingston @
o R. W Flagg . - . ° RN
‘Curtis
Atwood ‘ LR
Frost =~ ' .ol T
Drechsel = '
., Nelson = -
Bourne . . .
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ABSTRACT

A strong IP response representing likely greater than
4% sulfides by volume has been outlined along the southeast
side of the survey area. The response is most pronounced on
lihe 52 where the zone has apparent characteristics of a flat-
]y%ng trend at a depth of 150'. Response decreases below 800
indicating an apparent thickness of 650'.

The anomaly lies parallel to the profile lines hence
its lateral boundaries and depth extent cannot be accurately
described by the present data. A suggested profile across the
strike of the anomaly is considered a prudent step prior to
locating a drill site. |

Anomalous response characteristics along the south-
east end of lines 48, 50, and 54 indicate that a broad area

of response occurs to the south and east of the present survey

varea, and may extend easterly.

In the west half of the area a response layer occurs

at an average depth of 1800' under the Tertiary-Cretaceous vol-

canics. The response of 15 units could represent 1% sulfides by

volume or a background varation due to change in rock type at

that depth.
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INDUCED POLARIZATION AND
RESISTIVITY SURVEY
BS AND K PROJECT
SILVER BELL DISTRICT
PIMA COUNTY, ARIZONA
~ FOR
THE HANNA MINING COMPAHY

Part I
INTRODUCTION

At the request of Messrs Victor Mejia and Jackie Stephen
of The Hanna Mining Company, personnel of Canadian Aero Mineral
Surveys Limited were engaged in an induced polarization ;nd re-
sistivity survey in the Silver Bell District, Pima County, Arizona.
The project was underway during the period from March 17 to
April 10, 1969 and included 9 dipole-dipole profiles covering a
total of 77,500 feet of surveyed line.

.The survey was'under the field direction of Avinash V.
Hardas, Engineer for CAMS.

The major rock types that occur in the area inciude
a]askite,.granite, monzonite, Gila Conglomerate And the Tertiary-
Cretaceous volcanics.

According to Victor Mejia, Gila Conglomerate occupies
‘areas in sections 29, west 1/2.of 32, and southeast 1/4 of 31;
flanked by intrusives (granite, monzonite, alaskite) to the
east and Tertiary-Cretaceous volcanics to the west. Small patches

of limestone occur as irregular isolated outcrops near the BS and K

CANADIAN AERG Mlonorad eliwvors
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mine. A contact between granite and dacite porphyry is noted
to occur between lines 52 and 54.

PURPOSE OF THE SURVEY

The purpose of the survey was to locate areas of min-
eralization near the BS and K mine and to describe the ex-
tent of related anomalies as being additional occurrences of
sulphide mineralization. Also to determine if possible the

thickness of overlying Tertiary-Cretaceous volcanic rocks in

' the western half of the project area; and the occurrence of IP

response at depth below the volcanics.

SURVEY PROCEDURES

The induced po]arization and resistivity measurements
were made in the time-domain made of operation. A conventional
system of measurements which uses a time cycle of 2.0 seconds
"on" and 2;0 seconds "off", a 2.0 seconds "on" and 2.0 seconds
"off" (current reversed), was employed.

The commencement. of the measurement of the secondary

voltage is delayed by 0.45 seconds to avoid coupling and other

transient effects. The integration is preformed during the

"period from 0.45 seconds to 1.10 seconds after the cessation

of current.

To conform to a standard presentation, the integral

time'constant is adjusted to give induced polarization read-

CANADIAN AERO '.MW Wﬁ




-3-
ings equivalent to those obtained with transmitter cycles pf
3.0 seconds "on" and 3.0 seconds "off" with integration of the
secondary voltage during the first second of the "off" period.

Throughout tne survey except line 44 and 46 a convent-
ional inline dipole-dipole array of seven electrodes was used.
For additional data coverage on lines 44 and 46, two additional
electrodes were employed, there by obtaining additional coverage
to the southeast. A dipole length of 1000' was used for the sur-
vey. This dipole length was recommended for greater penetration
and greater lateral coverage.

Measurements were made for dipole separation factors
(n) 1 to 6. Potential dipole setups occupied positions on both
sides of the current-electrode setup. This resulted in ob-
taining a total 1ine.coverage approximately nine times the dipole
length where 7 electrodes were used.

Apparent polarization responses is in units of millivolts-
seconds per volt, or milliseconds, and apparent resistivity is
in units of ohm-meters.

Part 11
DISCUSSION OF RESULTS

Line 38: This line clearly indicates a change in rock
type at about 500 feet southeast of the center; To the south-
east the resistivity is of the order of 40-70 ohm-meters as
against 130 to 400 ohm-meters to the northwest. The data is

indicative of southeast dipping contact.

CANADIAN AERO M@W! @’%«W&d



Pulse response is of the order of 4.0 to 8.0 milli-
seconds and does not vary across the resistivity contact. The
data is distorted due to fence-power line effects and therefore
does not yield an intelligent interpretation.

Line 40: Low resistivity (35-70 ohm-meter) is noticed
on south side of the line. Resistivity to northwest ranges
from 100-500 ohm-meters. The point at which a change in rock
type occurs is noted at 500-700 feet southeast of the center.

Changeability 1is of the order“of 4.0 to 13.0 milli-
seconds wiih a slight increase in response at depth. However,
it is be]feved the values ére too low to indicate presence of
su]phides in ecqnomic quantities.

Line 42: Again on this line low resistivity rock occurs
to the southeast and high resistivity rock to northwest. This
change in physical characteristics of the rocksloccurs at 600'
southeast from center. To the southeast the res1st1v1ty is of
the order of 40-60 ohm-meters and to the northwest 100-400
ohm-meters.

Pulse response ranges from 4.8 to 10.2 milliseconds in-
creasing with depth, but again likely represents a high baék-
ground response or at least minor (less than 1.5% by volume)
sulfides at depth. |

Line 44: Resistivity contact is noted 500' northwest
from the center with high resistivity to northwest and low

resistivity to southeast.

Average pulse response of 2.8 to 5.0 is present with

CANADIAN AERO Alonorad clommonns
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a slight increase in response to 10.0 at depth. This increase
could be due to a normal background response at depth with no
indication of the presen;e of substantial amouﬁts of sulphides.

Line 46: A reverse situation occurs on this line
where high }esistivity occurs to the southeast and low resistivity
to the northwest. The high resistivity is related to the granite
that outcrop to the southeast. The resistivity of the volcanics
and sediments to the northwest is low, varyinglfrom 7 to 40
ohm-meters.

Due to the very low resistivity of the rocks, signal
could not be obtained at "n's" gréater than 3. thus the depth
penetration is limited. Background response varies from 2.0
to as much as 15.4 milliseconds.

Line 48: A resistivity contact occurs at the center
of the line. Rocks of nhigh resistivity (100-700 ohm-meters)
extend southwards from the center and the low-resistivity rocks
extend nortwards from the center. Rocks to the northwest have
resistivify of 16 to 90 ohm-meters.

Average chargeability background response is 6.0 milli-
seconds with sharp increase in response up to 27.0 milliseconds
to the southeast. (Fence interference may cause the few high
readings to the south).

The high pulse response is related to the high resistivity
indicative of sulfides in granites.

Another gradual increase in response at depth is also

CANADIAN AERO Alonowawl Swworns
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noted in the low resistivity rocks to the northwest. Due.to the
very low resistivity of the rocks full line coverage at depth
could not be obtained,

Line 50: A very clear indiaction of a lithologic
contact is noted on this line at 1000' northwest from the

center.

Resistivity of rocks to the southeast range from 184

to 550 ohm-meters and to the northwest from 14 to 150 ohm-meters.

The high resistivity zone is associated with high pulse response
of 20 to 67 milliseconds and is indicative of 2-3 percent
sulphides by volume at a depth less than 400 feet from surface.

Surface pulse response to the northwest is of the order

2.6 to 6.4 milliseconds but increases slightly to more than 15.0

milliseconds at depth. This response ione may be in'partvdué
to the power line or fence that tranverse the line.

The low resistivity relates to a broad near-vertical
north—south striking of alluvium or Gila Conglomerate zone and
is devoid of any substantial amounts of sulphides.

Line 52: Interpretation of resistivity data of this
‘line is a little complex as surface resistivity variation appear
related to complex geology. However, in general, rocks of less
than 50 ohm-meters resistivity extend northwards from C3 and
are characterized by low pulse response.

Rocks that crop out on the southeast side of the line

have resistivity of 90 to 650 ohm-meters and are associated with

10.0 to 80.0 milliseconds response. The anomalous response

is related to a broad zone of moderately high resistivity and

CANADIAN AERO Mlineral —Shvwerss
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and is indicative of 3-4 percent sulphides by volume at a depth
less than 200' from the surface. Line 52 does not extend far
enough to cover the southern boundary of the zone.

Line 54: Resistivity varies from 190 onm-meters to
as much as 600 ohm-meters with no apparent indication of a
lithologic contact.

Background pulse response of 3.0 to 10.0 is observed
on>the northside of the lines but increases at depth to more
than 40.0 milliseconds to the southeast. This relates to a
zone of anomalous responses that extends southward from C7.
This line runs parallel to the main zone of response and hence

the actual true response obtained from the anomalous zone is wotl

clear. However, there is a slight indication from the resistivity

pattern that the response zone may extend to the east at depth.
We feel that in order to actually define the anomaly a line at

right angles to the strike of the zone should be surveyed,

Part III
INTERPRETATION

The accompanying contour maps of chargeability and
resistivity provide a good picture of distribution and extent
of response material, i.e. possible sulphide mineralization,
and the related rock types in the area.

First look at the resistivity contour map indicates
that 3 major rock types occur in the area which govern the
resistivity pattern. They are granites, volcanics, and alluv-

jum (Gila Conglomerate?).

CANADIAN AERO WWW! , %W;Qmm




«
,’/—\

-8-
In sections 30 and 31 the relatively high resistivity

of 100 to 200 ohm-meters is related to the Tertiary-Cretaceous

volcanics. The resistivity data indicates increased resistivities

at a depth of 1000' plus. The resistivity of the lower layer
is as much as 1000 ohm-meters-atypical of volcanic rocks.

A high resistivity anomaly of approximately 1000 ohm-
meters occurs in the east 1/2 of section 32, closely associated
with the BS:and K mine. This anomaly is related to granite
which crops out in the area. We suspect silicification (alter-
ation) of the granite has resulted in this abnormal granite
resisitivity. |

Resistivities in the vicinity of the high IP response
on line 52 are locally lower (100 to 200 ohm-meters) than the
adjacent resistjvities (200-400 ohm-meters) on line 50 and 54.

The alteration and mineralization of the granite is
believed the cause of the lower resistivity here.

Extremely low resistivity of less than 100 ohm-meters
in a north-south trend through sections 29, east half 31, and
32 is related to alluvium and/or Gila Conglomerate,

Effective penetration has been drastically reduced
in the area of low resistivity due to loss of signal at the
Targer electrode spacings. This condition is most severe on
Tine 46 where our ability to see below 1000' is nil.

The chargeability contour map provides a good pictufe

of the distribution of the response material in the area.

CANADIAN AEROQ J%M@/ ﬁge’/ww,’é
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High reﬁponsevmaterial of 80 milliseconds occuré in sectfon 28
and 33. The anomaly is controlled to the west by a strong
north-south contact (fault). This contact feature is comman
to both the IP and resistivity data and represents the boundary
between the mineralized intrusives on the east and the alluvium
(Gila?) on the west.

The BS and K mine occuré along this contact or fault
zone. The alluvium or Gila Conglomerate is marked by the area
of response of less than 2.0 milliseconds on the IP contour
map.

The Tertiary-Cretaceous volcanics to the west have
response values of 4 to 8 milliseconds near surface. An in-
crease in response to 15 mi]]isecond; at depths greater than
1800' is associated with higher resistivities and could be re-
Tated to rocks other than volcanics. This increase in response
at depth could be due'to high background response or at best
minor su]fides of less than'l.S percent byfvélume. ‘

CONCLUSIONS

A zone of substantial IP response occurs on the south-
east half of line 52. A calculated response of 80 to 100 milli-
‘secondsvin the rock at depths from 150' to 800' is related to
greater than 4 percent sulfides by volume. The zone lies par-
allel to our present prqfi]es and a line across the strike of

the zone is recommended to locate the northeast and southeast

contacts.

Yy A 2 y, 2
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Substéntial response occurs off the southerly ends of
1inés 46, 48, SO, 52 and 54 indicating a reasonably large
zone of response adjacent to the southeast of the property.

A moderately weak response of 15 milliseconds occurs
at depths of about 1800' in the area of the Tertiary-Cretaceous
volcanic to the west. An increase in resistivity occurs at
depths greater thén 1000' in this area. We suspect these in-
terfaces indicate a bottom deptih to the volcanics, and a

nigh resistivity rock at depth that may have very minor sulfide

mineralization.

RECOMMENDATIONS

A drill hole is proposed to test the response zone out-

‘Tined on line 52. A minimum depth of 1000' is suggested to test

the response characteristics. We strongly recommend a profi]e‘
be run across the zone to better define the boundaries of the
anomaly prior to locating a drill site.

“ Locally the anomalous response appears to be c]dsing
out to the northeast. However, further reconnaissance in the
area to the north and east should be considered where geologic
conditions appear more favorable.

Some consideration might be given to testing the
high resistivity, moderate IP response that occurs below the
Tertiary-Cretaceous volcanics in sections 30 and 31, However,

there is little reason to expect more than 1 percent sulfides

CANADIAN AERO Mlinovad @lvwerss
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v
TN

(related to 15 milliseconds response at depth) where a hole
to 2000' would be necessary to test the physical property

characteristic.

Respectfully Submitted

Avinash V. Hardas, M.sZ%«¢«

Geologist-Geophysical Engineer

—SGordon Wieduwilt
Geophysicist

May 2, 1969
Tucson, Arizona

N

B CANADIAN AERQ /los




-12-
Part IV
APPENDIX I

The following personnel of CANADIAN AERO MINERAL SURVEYS
LIMITED were engaged in an induced polarization - resistivity
survey conducted on behalf of THE HANNA MINING COMPANY on their

property in the Silver Bell District, Pima County, Arizona.

No. of Man Days

Avinash V. Hardas Field 20
 Engineer, CAMS Tucson Office 6
Gary Carpenter o Field 20

Helper-Tucson

Shantikumer Toprani Field 16
Helper-Tucson

David Hunter "~ Field 9
Helper-Tucson

Christian Dahlberg Field 3
Helper-Tucson

Robert Sigafus Field 1
Helper-Tucson

Total number of man hours

CANADIAN AERO Minowid elmwerss
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APPENDIX II

APPLICATION OF INDUCED POLARIZATION METHOD

The induced polarization method is basically a volume
detecting technique. Effective penetration is governed by the
size of target where normally a large volume of polarizable
material at depth is required to give measureable response at
surface. This method is relatively sensitive and is capable of
detecting as little as 1% by volume of metallic su]fides;
Because polarization is essentially a "particle Surface"
phenomenon, the induced polarization effects from a given per-

centage of metallic su]fides generally increases as particle

s1ze 1s decreased. Th1s character1st1c makes this techn1que :

espec1a11y suitable to exp1orat1on for "’ d1ssem1nated su]flde

:occurrences

Sulfides of metallic lustre produce IP effects i.e.,

bornite, chalcopyrite, chalcocite, pyrite, pyrrhotite, arseno-

pyrite, molybdenite, etc., but not sphalerite. Besides sul-
fides, some metallic oxides Tike magnetite énd pyrolusite also
give rise to IP effects.

Apart from sulfides and oxides, certain minerals with
unsatisfied basal charged lattice, when current is applied to
the ground, develope a charged double Tayer which acts as a

leaky condenser and gives rise to IP effects. Certain of the

CANAMAN AERO e//fcmwwl .@'FW@%
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" clay mica minerals are active in this sense with montmorill-

onite and vermiculite exhibiting by far the greatest response.
Bentonitic tuff is exceptionally active to IP, while kaolines,
chlorites, muscovites, and biotites are not generally active.
Although considerable study has taken place, this
method has not yet been improved to differentiate the IP effects
arising from metallic sulfides, oxides, graphite, or clay

occurrences.
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McPHAR GEOPHYSICS LIMITED ‘
| NOTES ON THE THEORY OF INDUCED POLARIZATION

AND THE METHOD OF FIELD OPERATION

Induced Polarization as a geophysical measurement refers to
the blocking action or polarization or metallic or electronic conductors
in a medium of ionic solution conduction, -

This electro-chemical phenomenon occurs wherever electrical
current is passed through an area which contains metallic minerals such
as base metal sulphides, Normally; when current is passed through the
ground, as in resistivity measurements, 511 of the condué:tion‘ takes placé
through ions present in the Water content of the rock, or soil; i,e, by -
ionic conduction, This is because almost all minerals have a much higher
specific resistivity than ground water., The group of minerals commonly
described as "metallic', however, have specific resistivities much lower
than ground waters, The induced polarization effect takes place at thoée
interfaces where the mode of conduction changes from ionic in the solutions
filling the interstices of the rock to electronic .in the metallic minerals
present in the rock,

The blocking action or induced polarization mentioned above, which
depends upon the chemical energies necessary to allow the ions to give up
or receive electrons from the metallic surface, increases with. the time
that a d, ¢, current'is allowed to flow through the rock, i, e, as. ions pile
up against the metallic interface the resistance to current flow increa}ases.

Eventually, there is enough polarization in the form of excess ions at'the



interfaces to effectively stop all current flow through the motallic_ particle,
This polarization fakes placo at each of the infinite number of solution-
metal interfaoes in a mineralized rock,

When the d, c, voltage used to create this d, c, current flow is -
cut off, the Coulomb forces between the chai'ged ions forming the
polarization cause them to return to their normal position, This movement
of charge creates a small current flow which can be measured on the
surface of the ground as a decaying potential difference,

From on alternafe viewpoint it can be seen that if the direction of
the current through the system is reversed repeatedly before tﬁe polar-
ization occurs, the effectiv_e resistivity of the system as a whole will change
as the frequenqcy of the switching is changed, This is a consequence of'the
fact that the amount of current flowing through each metallic interface
depends upon the length of time that current has been passing through it
in one direction,

The values of the "metal factor' or "M, F,!" are a measure of the
amount of polarization present in the rock mass being surveyed. This
parameter has been found to be very successful in mapping areaé of sulphide
mineralization, even those in which all other geophysical methods have
been unsuccessful, The induced polarization measurement is more
sensitive to sulphide content than other electrical measur.ements because
it is much more dependent upon fche sulphide content, As the sulphide
content of a rock is increased, the ''metal factor" of the rock increases

H

much more rapidlythaﬁ the resistivity decreases,
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For example, in one of thé i'arge porphyry copper pits,’ ;the
resistivity contrast between the protore and the enriched zone was found
to be only 180/18 or 10/1, The contrast in metal factor in the same pit
was found to be 20/10,000. Theré was less than 1% sulphides in the protore
and 5-9% sulphides in the enriched zones, As the sulphide content is
increased the metal factor increases until for massivevsulp’hides the
values apparently are measured in hundreds of thousands,

Because of this increased sensitivity it is possible to locate and

outline zones of less than 10% sulphides that can't be located by E, M, Methods, '

The method has been successful in locating the disseminated "porphyry
copper'' type mineraliza.tion:in the Southwestérn United States,

MeaAsurements and experirhénts also indicate that it should be
possible to locate most massive sulphide bodies at a greater depth with
induced polarization than with E, M

Since there is no I, P, effect from any conductor unless it is
metallic, the fnethod is useful in checking E, M, anomalies that are
suspected of being due to water filled shear zones or other ionic cpnductofs,
There is also no effect from conductive overburden., which frequently
confuses E, M, results, It would appear from scale model experiments and
calculations that the apparent metal factors measured over a mineralized
zone are larger if the matefial overlying the zone is of low re;sistivity.

A.propos' of this, it shoﬁld be stated that the induced polarization
measurements indicate the total amount of metallic constituents in the rock,

Thus all of the metallic minerals in the rock, such as pyrite, as well as



the ore minerals chalcopyrite, chalcocite, galena, etc, are responsible

for the induced .polarization effect, Some oxides such as magnetite,
pyrolusite,' chrorhite and some forms of .hematitebalso conduct by electrons
and are metallic, All of the mef.éllié minerlals in the rock .will contribute
to the induced polarization effect fneasui'ed on fhe surface, |

In the field procedure, ﬁleasurements on the surface are made -
in a way that allows the effects of 1étera1 changes in the properties -of the
rocks tovbe separated from the effects bf vertical changes m the properties,
Current is applied to the ground at one i)oint, the send;er location, and
voltage difference measurem‘e'nts are made at several other épdts R the
receiver locations, The Asepder location is then chanéed _and the procedure
is repeated, 'The value of appargnt resistivity and apéarent metal factorv
for any given pair of sender and receiver locations is plotted on the map
at the invtersection of grid lines, one from the sender location and one from
the r;é;ceiver location, The fesistivity values are plotted above the line and
the metal factor values below the line, The lateral displacement of a given
value is determined by the locati'on along the s;urvey line of the centre point
between the sender and receiver locatiqns. The distance of the value from
the line is determined by the separation between the sender and receiver that
gave that particular value,

The separation between sender and receiver is only one factor
which determines the depth to which the ground is being sampled in any
particular measurement, These plots then, when contoured, are not section

maps of the electrical properties of the ground under the survey line,
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The in‘terpretation‘of the results fr§m'any given survey must be carried
out using the cdmﬁined experience gained from field, model and theoretical
investigations,

In the field procedure,. the‘interval over which the potential
differences are measured is the same as the interval over which the sender
is moved after a series of readings has been made, One of the advantages
of the induced polarization method is that the same equipment can be
used for-.-both detailed and reconnaissance survéys merely by changing the
interval over which the transmitter is moved each time, In the past,
intervals have been used ranging from 100 feet to 1000 feet for ithe b'asic
distance, In each case, the...decision as to si)read disi:ance is largely
determined by the expected size of the mineral deposit being sought, the
size of the expected anomaly and the speed with which it is desired to
progress,

The spe.ed at which measurements can be made aloﬁg a line is
directly related to the length of spread used, In some detailed surveys in
which the area of interest had been outlined b); previous drilling and/or
geology, spreads of 200 feet have been used, In these cases, d‘istlzances
ranging from 2500 feet to 3500 feet may be covered in a normal day's
operation by one crew, In reconnaissance work using a 1000 foot spread

distances of 5000 to 8000 feet may be surveyed in one day,

Al



'McPHAR GEOPHYSICS LIMITED

REPORT ON THE

INDUCED POLARIZATION SURVEY

FOR

B.S, & K. MINING COMPANY, ARIZONA

PART II

1, INTRODUCTION

During June 1960, an Induced Polarization survey was

carried out over a portion of the B, 5, & K, Mining Company

property in the Silver Bell area of southern Arizona, The

investigation revealed the presence of an interesting anomaly to the

west of the mine workings and in our report of June 28, 1960,

additional surveying was recommended,

This report describes the results obtained from the

subsequent investigations carried out in October of this year,
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