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·QUESTED PROJECT 

Location: 

Commodity: 

.Past· 
Pro<;uction; 

1970 
... Ob_ject.ive: 

1970 Work: 

1970 Results: 

1970 Work 
Expenditure: 

1971 Work 
Re corrw-.enda tion: 

~5 miles r ... ortheast of '"Whit;.-ehorse, Yukon 
Territory. 

Coppe~. 

None. Adits driven to explore mineralization 
are all caved at present. 

'l'o evaluate potential of impress·i ve, exposed 
copper showings. 

Completed over a 5,209' x l,SOO' block 

1. Line cutting. 

2~ Geochemical Samplin'g {C~, Mo, -?\g). 

3. Detailed geologic mapping. . . . .. 
4. Hand trenchi~g. 

5. M~gnetometer survey. 

6. Induced Polarization Survey. 

Data from the above program reveals the 
presence of two zones up to 2,000 feet long 
by 200-800 feet wide with potential for 
coooer mineralization in the 1% range. 
Ext~nsive cover does not allow further 
evaluation without drilling, although some 
detailed induced polarization profiles 
should be run to aid in drill site selection • . . 

$56,000, not inc·ludi~g f.inal reports. 

"\ ...... Detailed IP profiling $ lO,OOC 

2. Bulldozer work -
access roads, drill si"'c~ ·etc. 30,000 

3. Dri::..lir'.£" 
5,2CO feet @ $20 lOt.,OOO 

4. Ca.:.;;. costs, etc. 



QUESTED MINING CORPORATION LTD. (N.P.L.) 

Preliminary appraisal of the McPhar Geophysics Ltd. 
field-data obtained in an I.P. Survey of the Beaver-Mink claims 
(105-E-1, Whitehorse M.D., Y.T.) during the month of July 1970. 

The maps in this report are tracings made by Peter H. 

Sevensma Consultants Ltd. from the field sketches submitted by McPhar 

Geophysics Ltd. 

The McPhar report on this survey is not yet available as the 

survey has not yet been paid for at this date by Colorado Corporation 

or its agents or successors. 

The values shown on t.hese field maps are very encouraging 

when compared to the results of other I.P. Surveys by McPhar Geophysics 

using comparable methods to greater depth. 

Reference may be·made for instance to the following publica-

tion by McPhar Geophysics Ltd.: 

"A Geophysical Case History of The Lakeshore C:::-ebody, 

Pinal County, Arizona, u.s.A. by Philip G. Hallof and 

Emil \-Jinniski. 11 

Presented at the S.E.G. Annual Meeting, New Orleans, Louisiana, 

November 1970. 

Our appraisal of the geological conditions on the Beaver-

Mink suggests that sulphide mineralization appears to be present 

in significant amounts in schistose formations ganerally underlying 

the quartzose rocks with low-grade copper mine;raliza-.:icn exposed on 

the claim ~roup •. 
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Where good-grade mineralization of from 1 - 6% copper has 

been found in float or in small exposures, it is always associated 

with a schistose rock. 

RECOMMENDATIONS 

Our recommendations, subject to a study of the final McPhar 

report on this July 1970 ?urvey, are therefore as follows: 

Extend the survey by completing the survey of all lines 

of the grid, and by extending the survey after further line~ 

cutting and picketing to the East of the present grid. 

Extend the outcrop mapping into the area East of the 

existing grid. 

Drill about 3000' in from 4 to 6 core-holes to test the 

anomalous area. 

COST ESTIMATE 

1. Tope map 1" a 1000' from eirphotcs 

2. Photo-geological studies 

· .3. Camp construction 

4. Geological mapping: 2 men months 

5. · I.P. Survey, 15 line miles @ $400.--

6. Camp operation, 200 men days @ $10.--

7. Transportation (aircraft), 15 hours @ $100.-­

s. Radio, telephone 

Sub Total 

9. Drilling, 3000' ~ $16.00 

10. ·Camp operation, 300 man days @ $10.00 

11. Transportation (aircraft), 30 hours@ $100. 

Helicopter, 20 hours @ $250. 

$ 1,500.--

1,000.--

3,000.--

4,000.--

6,000.--

2,000.--

1,500.--

500.--

19,500.--

48,000.--

3,000.--

3,000.--

5 1 DDO.--

Sub Total s 78,500.--



Sub Total 

Engineering, Supervision, 10% 

Administration, Overhead, 1;Q~ 

Contingencies, 10% 

- 20% 

TOTAL BUDGET 
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$ "78,500.-

15,500.--

9,500.-­

$103,500.--

This program may be undertaken in two stages, which would 

raise the overall costs somewhat, in a first surveying phaee of 

$30,000.00 and a drilling phase of about sao,ooo.oo. 

Vancouver, April JO, 1971. 

Attachments: 

Signed, 

P.H. Sevensma, Ph.D.; P. E~g. 
PETER H. SEVENSMA CONSULTANTS LTD. 

1. Figures of Survey data on lines e, 12, 14, 16, 20, 44, 48 and 52. 

2. McPhar Geophysics, Discovery of Lakeshore Orebody. 



.. 

8W 6W ,_ -- ---------- · ---

n =I 

n=2 

n=3 

n=4 

. 
~--- -------+----

4W -2W 0+00 '2E 4E 6E 
- ----- ------+--------------+--------- ------1---------~---- ---1------+-

I 
I 

r> 
I 

BE 

' 140 

• 

JOE 

Po 
2iT 

- -----+ - - HILL=--~-;c:UK --- ----- ~----+--- I I~SWA~P---- -~= 

? 11111111111111111111111111111 '111111111111111111111111111 ? 

f------ - ---·----+ - -- -- _ ___,f.--_ 

FE 

2_4 3.5 2.7 

I 2.3 2.6 

HIGH ,. POWER _I. P. 
5 c;_p.$. & 3 cps 
.II , ~ 

QUESTED MINING CORP~ATION LTD. 
BEAVER·MINK GROUP LINE 8 

Data by 0. Morrison Fi 



• 

• 

6W 4W 2W 0+00 
t----·----·-:-- --- .. + ···--· -~- -· t -

n~ I 95 

n-::.2 

n=3 

n=4 

~---- ---··- ----- ·--+-- -···---
? 

27.0 

2E 
- - - --+ --

135 

i 
j 

"E 15E IE - ------li---- ----- ·-·- +---------+---

!o~ 
I~ 145 

I 
114 

121 

IOE 12E 14E 
---+---------. -+-+---------1 

-- ----- -~---- . ----. --+-+------ --+--- --- ---- ---+-----------+-

········-~ 1111111111111111111 ? 

48.0 

MF 

16.6 12.4 

1-- ----------------~--- ·- -··- ---+- -------------~-------------+-- ·----------[+-···- -------+--- -----+----------

2.5 2.9 

2.7 1.7 1.6 (2.7) 

FE 

v 
2.0 1-8 

1.9 

·2.0 2.7 2.5 :1~~ 
HIGH POWER I. P QUESTED MINING· CORPORATION LTD. 

5 cps & 3 cps 
BEAVER· MINK GROUP ll NE 12 

105-E-1 Whft..,_ M.O. 'tl 

Peter H. Sevensmo Contul tonts Ltd. Voncaw«", 8.C~ 
' • j" 

Data py D. Momson Fi 1970 q Scale: p 



I 

INI 2W 0+00 2E 4E ______ -~E- ___ ----~-~--4-E 12E 14E liE liE 20E 22E 1-------- - - ------+- ---------- t --- ------ - -~ - - -t- ---

n= I 143 136 

~ 
136 

n= 2 49 107 

c;_ Pa 

n-= 3 /1 
2ii 

141 154 60 

n-=4 ISO 186 71 218 

I-- --~---------r---------+--------~~-------~ 

?·····1111111111111111111 ••••••••••••• ~--······-------------········? 
ll9 10.5 

25.0 

MF 

20.0 

1----·----+-·------+-- - --------+-- --------+---- -------+ 

1.7 3.9 

1.7 1.7 4.5 2.2 

FE 
1.6 // 4.6 

1.7 3.2 2.1 

1.7 

1.5 2.8 

.. HIGH POWER I. P. QUESTED MINING CORPORATION LTD. 

5 cps & 3 cps 
BEAVER-MINK GROUP LINE 14 

105-E-1 _______________ .....;W.....;hl~t;..;.eti.;;IOI;.;.;--..;..;....;.Mn.=.Y.;...T;.;... ""'i 

Pet~r H. Sevens mo Consu I ton ts Ltd. Voncower, B. C _ 

1970 Swle- ~ P 



6W 4W 2W 0+00 2E 4E 
-+----·------+-- -- ~- ---· -- . . - -·,.. .... ·--·· --- ·-·--- ·t- •·· --·· --- -· 

n= I Ill 

n=2 162 

n=3 

n=4 1.54 

_;CREST 
· ·STEEP HILL-· 

t------ -· -·-+----- .. -··- +-- .. - . - ·- -· --+-

9.2 

9.4 

8.5 

11.7 

15E 
-1--

174 

14.4 

121 

I 

~E I 

133 

12ti 

I 
--· -·--1·-·· 

IDE 
I 

136 

4~.0 

12E 14E 

·· ···--SWAMP 

30 0 

45.0 (30.0) 

liE liE 

108 

20E 22E 

fg 
2ii 

MF 

f-- ---+--- ·-··+---- ··---· -+---- I 
----1-....... :-----+---- ---- - -+-------- ------+--------. ·• ---+-----·---+---· ---+---------4 ·- --+- ·.-------·--·-···-+- ------- ---+---

1.1 .4 .8 26 2.3 2.9 2.4 2.2 

.2 2.2 2.4 2.4 2.9 

FE 
I 3.6 

I 
.9 .9 2.4 3.4 2.6 21· 

1.2 1.5 3.0----l.O 3.4 3.0 (2.3) 2 2 

.-------------------------------~---------~ QUESTED MINING CORPORATION LTD. t----------------·--·--·-·-----------1 HIGH .POWER I. P. 
BEAVER-MINK GROUP UN£ 16 5 cps & 3 cps 

IOS•E-1 Whttetwse fo4.D V.l 

Peter. H. Seve nsma Consu I tents Ltd. Voncewer B.C. i 
Data.' by 0. NorriiOii. n ana· Seal~: '! , , .,-



4W 2W 0+00 2E 4E 
'1------------+----------+-------·---- -·~ -- - --------+-- -· 

n= I 75 

n=2 

n=3 

;; 
# 

182 

143 

6E IE IOE 
--- ------~ ------· -- ·--··--+------- -.. ----+-----

133 143 278 

145 114 

117 105 

n=4 182 114 ~ISO 119 114 

12E 

I 
~~300 

103 

liE liE 

91 

100 

20E 22E 

138 

92 

241 21E 

.f.Q. 
2ii 

-+---- - -+-- . - - ---+----·-·------+- -----~------~ 

? 111111111111111111 111111111111111111111111111111111111·······-········--------------------------------~. IIIII II 
290 

26.0 21..0 

~ 
MF c 57.0) 35.0 

21.0 30.0 I 49.0 39.0 36.0 45.0 19.5 

, .. 

1--------------+--------- +- ···+---- -- --------+--- .... -r· . ----·- ----+ - ------- -· --+---· +---- - ·----+-----+-

1.~ 1.4 1.3 3.8 2.6 2.3 

2.0 
2.8 2.0 2.3 

1.0 3.5 3.5 3.3 2.1 3.5 2.2 

GV 0.9 2.3 2.7 3.7 3.3 4.7 2.8 

0.5 2.1 2.2 
. 

3.4 3.8 4.0 3.6 3.3 
-~/ ' ' 
1 . i~rt1_~:::~-~ . I __.,.,..-

~------------------------~~---------------QUESTED MINING CORPORA710N LTD -------
BEAVER-MINK GROUP LINE 20 

2.4 

HIGH POWER I. P. 
5 cps & 3 cps 

105-E-1 WhttehorM 1'1.0 Yt 

FE 

Peter H. Sevensma Consul ronrs. u d. vonc:euver, a c 
I 

Data !bY D. Ma~i-ison ! I Dwo No Fig: July, 1970 Scale: 0 .. 



I 

• 

IW I.W 2W 0+00 2E. 4E IE IE IDE 12E 
--- ----t------1-----

n=l 
I 

58 

~~ 
110 147 

~ 
I 

n=2 139j 

n=3 Ill 162 

n=4 158 150 

t------t-------+--------+-?········ 1111111111111111111111111111111 
29.0

1 

__/ 

~ 
3.8 

10.9 

12.7 

12.8 (0 

~10.2 

1'3.8 

3.3 1.9 ~ 

2.4 

~ 1.6 

6.0 

9.0 6.0 

6.8 

8.6 

-+----

0.5 I 1.4 

( ~~· 
1.5 o.e · 0.9 1.3 

Ll 

2/t 1.6 . 1.0 

HIGH POWER I. P. 
5 cps & Jcps 

i 
Data lb1 D. Mm:rison · Fi : 

14E liE 

fQ. 
2ii 

MF 

FE 

,....---------------~--------~ 
QUESTED MINING COfltPORAYtON LTD. 

·-···--------·-----~ 
BEAVER·MINK GROUP UNE 4J. 

105-E-1 WhitehorN MD YT. 

Peter H. Sevensma Consultants Ltd. Vancouver, I.C. 

July. 1910 Scale· 



6W 4W 
~------ ------1-----

n= I 

n=2 

n=3 

n=4 

2W 0+00 2E (,E 6E E 
---·-··+-----·------ ·-+-····----- ---- --t·--·--··-··--· -----+-· -- ------+-----

I 

160 

114 182 165 

~ 163 ~ 

?···········----------
22.0 42.0 

28.0 

30.0 

---------+- ------------+-···-----

4.1 4.0 

4.5 5.0 

~30~ 
2.5 2.4 

I 
Dota ~ D. Morriaon J l 

IOE 12E 14E liE liE 20E 

98 100 II 

80 123 

~ 
2lT 

98 Ill 

94 98 146 

........................................ ? 

22.0 23.0 23.0. 17.2 

MF 

19.2 12.2 8.6 

1.5 

1.2 

FE 

1.2 

HIGH POWER I. P. 
5 cps & 3 cps 

QUESTED MININ~ CORPORATION LTD. 

BEAVER-MINK GROUP LINE 48 
105-E·I Whitehorse M.D. Y.T. 

Peter H. Sevens mo Consu I ton fs Ltd. Vancouver, 8. C. 
--------------------------------~--__. 

Ow~ Ne. Fi9: July. 1970 Scale. q . ~ 



·~ 
0+00 2E 4E 6E IE IOE · 12E 14E liE liE 20E 22E 24£ 

"--t- --------+--· 

n= I 250 11.3 100 'T1 

n= 2 _3 143 120 91 
Po 
2il 

n= 3 108 154 61 

n= 4 192 160 167 115 94 

1------+------+--- -------+----------+- ------+--- ----t ----··---+--·-·------------+- --------+-------~ 

111111111111111111111111 ··········1111111111111111111111111 ? 

11.2 

MF 

10.2 11.2 

1----------+-----+----------t--·---- ---+---- -,-------+·------------+--------+------+-----+---------i 

1.0 1.4 1.4 II 1.2 2.8 

1.4 1.4 G 
1.6 1.' 1.4 1.1 

1.8 1.8 ~ 

FE ~~ ,. I 
...----. }: fl ~ 

(~ r'l / /:/ f'( w.'fv --,,;r,_Vi ...-• 
.. ' • f ___ _..,.... 

------.--

HIGH P.OWER I. P. 
5 cps & 3 cps 

r-------------------------------1 
QUESTED MINING CORPORATION LTD. 

BEAVER· MINK GROUP LINE 52 
105- E -I WhitehorN M.D. Y.l . 

Peter H. 5 eve n s m a Consultants Ltd. Vancouver, 8.C, 

Data by 0. Morrison ; No Fig: Jul 1970 



A GEOPHYSICAL CASE HISTORY OF 

THELAKESHOREORESODY 

by 

Philip G. Mallof, 

and 

Emil Wlnnlskl. 

Presented at the S.E.G. Annual Meeting 

New Orleans, Louisiana, November 1970 

[Nfilc~IHI&~ «lr!(Q)~IXJV~ncs IL.Drrtfl~Oli[!IQ) 

139 BOND A"ENUE, DON MILLS, ONTARIO, CANADA 



ABSTRACT 

The Lakeshore Orebody occurs in Pinal County, Arizona about 
30 miles south of Casa Grande. In February 1969, when the latest figures 
were published, the ore reserves were reported at 241 million tons of 
disseminated sulphide ore (0. 7o/o Gu) and 24 million tons of concentrated 
metallic ore (1.69o/o Cu). 

The first hole intersected primary ore (magnetite, pyrite, 
chalcopyrite) in the metasediments (tactite) at a depth of 1147 feet in 
early 1967. The successful conclusion of this exploration program by 
El Paso Natural Gas Company is an excellent example of an integrated 
exploration approach. The application of regional geological planning, 
geophysical methods and detailed geological reasoning resulted in the 
discovery of a major copper ore body. 

Due to the depth of the ore zone, and the less than massive 
character of the ore, the only geophysical technique that was useful in 
the direct detection of the ore mineralization was the induced polarization 
method. Variable frequency induced polarization measurements, made 
using the dipole- dipole electrode configuration and electrode intervals 
from 300' to 1, 000 1 , successfully indicated the presence of the metallic 
mineralization at depth, and gave some indication of its extent. 

Comparisons of the induced polarization data ang the appropriate 
geological sections give information concerning the usefulness of the method. 



Introduction 

On February 7, 1969 an announcement was made by El Paso 

Natural Gas Co. that the latest calculations for the Lakeshore Orebody 

gave 241 million tons of disseminated sulphide ore averaging 0. 70% 

copper and 24 million tons of concentrated (tactite) metallic ore con­

taining 1. 69% copper. This was the latest announcement that has been 

made. The orebody is currently being developed jointly by El Paso 

Natural Gas Co. and Hecla Mining Co. 

The discovery of this major copper deposit by the Mineral 

Division of El Paso Natural Gas Co. was the result of a well planned, 

integrated exploration program. The application of regional geological 

studies, modern geophysical techniques and detailed geological reasoning 

all contribufed to the success of the program. 

The Lakeshore Orebody lies under the southwest pediment of 

the Slate Mountains in Section 25, T10S, R4E, Pinal County, Ari.zona. 

(Fig. 1). This location is in the Papago Indian Reservation, about 30 

miles south of CasaGrande, Arizona and 70 miles northwest of Tucson. 

The surface elevation in this area is about 1, BOO feet. 

Interest in the area dates back to the early 1880's. The 

mineralized outcrop consisted primarily of copper silicates and iron 

oxides. Between 1917 and 1919, a shaft was sunk to a depth of 225 feet. 

An excellent history of the Lake shore Property is given in the paper by 

Harper and Reynolds ( 1969). 

El Paso Natural Gas Co. first examined the area in 1962, 

but the mineral rights to the Lakeshore Property were not acquired until 

mid-1966. Investigations were begun into processes to recover the copper 

in the copper silicates exposed in the old Lakeshore Pit. At the same time, 

regional exploration was initiated. After pr~liminary geologic studies, 

a reconnaiss~nce induced polarization survey was completed by McPhar 
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Geophysics Inc. in August - September 1966. The IP survey was planned 

to locate any zones of metallic mineralization that might be associated with 

the surface zone. 

Geology 

The general geology of the area is described briefly by Harper 

and Reynolds (1969). A complete geologic description is given by Barron 

(1969). The mass of the Slate Mountains (about 2. 0 miles northeast of the 

Lakeshore Property) is primarily Precambrian Pinal Schist. Near the 

centre of the mountains, an elongated body of Laramide age quartz-diorite 

(granite) has intruded the schist. Around the southwest edge of the Slate 

Mountains, and outcropping through the valley fill, a.re outlying hills of 

Devonian and Carboniferous limestone, Cretaceous volcanic and sedi-

mentary rocks and Tertiary andesite and andesite breccia. 

At the Lakeshore Property, the geology has been exposed in 

the old Lakeshore Pit. (Fig. 2). In the centre of the pit, mineralized, 

banded tactite (metasediment) overlaid by a fine-grained quartzite, 

striking NSOE and dipping 60°SE, is exposed. These metasediments 

are terminated on the e~st side of the pit by a very strong fault that 

strikes northwest and dips 65°SW. 

Along the west wall of the pit, altered and fractured andesite 

occurs on the footwall of an andesite and metasediment contact. This 

contact, striking N40°E and dipping 50°SE, forms the footwall of the 

oxide ore body in the wedge- shaped block of metasediment (tactite). 

The drilling recently completed at the Lakeshore Property has 

obviously added a great deal to information about the subsurface geology. 

The simplified geological section shown in Figure 3 shows the main 

features, as presentiy known. The correlations from the drill hole 

sections have resulted in a completely unexpected picture 
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Hole C- 5 is one of several churn drill holes completed in 1948 

by the U.S. Burea\1 of Mines. The hole penetrated the oxide mineralization 

in the pit and then entered fractured andesite. At a depth of 455 feet, the 

hole penetrated 90 feet of secondary copper mineralization. A proper 

interpretation of these results in 1966-67, gave added importance to IP 

anomalies, at depth, to the west. 

The picture in Fig. 3 is much simplified. For instance, the 

tactite is not completely mineralized and the concentrated mineralization 

(magnetite, pyrite, chalcopyrite) extends into the surrounding rock units 

at some points. The overturned position of the oxidized tactite at the sur­

face is shown as a result of simple folding; in fact, complex faulting may 

be a part of the structure ! 

The biotite porphyry (quartz monzonite) intrusive which contains 

much of the disseminated mineralization intrudes the Cretaceous andesitic 

breccia and the late Precambrian metasediments. It was not known to reach 

the surface in the vicinity of the Lakeshore Property, at the time of this 

exploration program. 

The andesites, porphyry, metasediments and the upper portions 
- . 

of the underlying intrusive have been extensively shattered and are mod-

erately to strongly altered. The principal host rocks are the andesite, 

porphyry and the tactite. Chalcopyrite and pyrite are the principal 

sulphide minerals. They are disseminated throughout the shattered 

porphyry and andesite; they are present in greater concentration with 

the near-massive magnetite in the metasomatic replacement in the tactite. 

The copper mineralization is younger than the intrusive porphyry, 

but may be associated with it. The granite (quartz-diorite) stock has been 

dated as Laramide in age; the porphyry, and the copper mineralization, 

are probably related to later phases of the same magmatic period. The 

complete picture i'! that of a typical southwestern U.S., "porphyry copper" 

deposit that reaches the present surface at only one, very small. outcrop 

area. 
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Drilling Sequence For First Holes 

The reconnaissance IP survey completed in August - September 196E 

was made on north-south lines, at approximately one~quarter mile intervals. 

The dipole-dipole electrode configuration was used, with X = 500'. A few 

east-west lines were surveyed over the old Lakeshore Pit mineralization 

using X = 200' and X = 300'. The reconnaissance results indicated a mod-

erate magnitude anomaly, at depth, to the west of the known mineralization 

in the old Lakeshore Pit. The depth to the top of the source was interpreted 

to be 1. 0 - 2. 0 electrode intervals (i.e. 500' to 1, 000'). 

In Figure 4 we have shown the drill holes and surveyed lines that 

will be discussed. The first drilling done after the IP survey, was a deepening 

of Hole #60 5. This old· rotary hole lay at the edge of the anomalous zone. It 

haq been stopped at 288 feet in a porphyry, weakly mineralized with sec­

ondary copper minerals. Core drilling was completed to 790 feet, before 

the hole was lost due to poor drilling conditions. Fractured and altered 

porphyry and andesite breccia were encountered, with secondary copper 

minerals. No sulphide mineralization was encountered. 

At this point, Hole P-1 and Hole P-2 were begun at widely 

separated points within the IP anomaly. Hole P-2 was drilled through 800 

feet of cemented fanglomerate and abandoned due to poor conditions. No 

oxide or sulphide mineralization was encountered. Hole P-1 was continued 

to a depth of 7 50 feet in fractured and altered andesite and andesite breccia; 

a few, sill-like, tnasses of biotite porphyry were encountered. At 750 feet 

the hole was still in weak copper oxide minerali:z:,a.tion. At this point in time, 

drilling was discontinued while all of the geological and geophysical data was 

re-evaluated. 

Laboratory measurements were made on core samples of all 

of the rock types encountered. The samples were of relatively low res is­

tivity (25 - 250) due to porosity from fracturing, alteration, etc.; a few of 

the frequency effects measured were 1. Oo/o to 1. 2 So/o (using 0. 31 5. 0 cps), 
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but most were less than 1. 0%. These true IP effects were not large enough 

in magnitude to be the source of the apparent effects previously measured. 

The anomaly was then confirmed using 500' electrode intervals on a few 

east-west lines. 

At the same ,time a complete review of all of the geological 

information available was being completed by the Mineral Division of El . 
Paso Natural Gas Co. This work was done by Claude E. Barron, Senior 

Mining Geologist, under the supervision of John R. Reynolds, Chief 

Geologist of the Minerals Division. 

The major result of this review was the decision that the last 

structural event effecting the Lakeshore geology has been a 45° rotation 

about a horizontal axis trending N50°E. The interpretation was made that 

before this event the mineralized metasediments outcropping in the old 

Lakeshore Pit had been dipping steeply to the northwest, and overlain by 

the andesite and andesite breccia. This interpretation was confirmed by 

the two intersections of secondary copper mineralization in the old churn 

drill hole, Hole C-5; it also suggested that the mineralized tactite should be, 

at depth, in the area of the deep IP anomaly. 

With the review completed, the possible importance of the IP 

anomalies was confirmed. It was decided to continue Hole P-1, in an 

attempt to intersect metallic mineralization that could be the source of the 

IP effects. At 850 feet, the hole encountered weak copper sulphide minerali­

zation in the andesite breccia. Hole P-1 was lost at about l, 100 feet, due to 

poor drilling conditions. 

Mea~1while, Hole P- 3 had been started about 300' South of Hole P-1. 

The fractured and altered andesite and andesite breccia were difficult to drill; 

however, careful drilling gave consistently high cor& recovery. Some sec­

ondary copper mineralization was encountered, but little or no sulphides ! 

The hole passed from altered volcanics to altered sediments (limestone and 

dolomite) at 1, 080 feet. At 1, 14 7 feet the hole penetrated 90 feet of mineralized, 

banded tactite with massive magnetite, pyrite, and chalcopyrite. The interval 
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assayed 1. 75% copper. 

This intersection (in mid-1967) marked the discovery of sulphide 

mineralization in the metasediments (tactite), The drilling program was 

accelerated,· and in early 1968 an announcement was made that a major 

copper deposit had been discovered. 

Geophysical Results 

The only geophysical technique used in the direct detection of 

the metallic mineralization at Lakeshore was the induced polarization method• 

Ground and airborne magnetic data does exist for the area, but this data has 

not been released for publication here. The surface magnetic results show 

a weak anomaly associated with the mineralized tactite in the old Lakeshore 

Pit; these effects are interpreted to be due to small quantities of remnant 

magnetite in the weathered zone. There are variable, and sometimes large, 

concentrations of magnetite in the andesites. The surface expressions from 

these features effectively mask any interpretable anomaly from the approxi­

mately flat-lying magnetite zone in the tactite at depth. 

Before Hecla Mining Co. joined El Paso Natural Gas Co. in the 

development of the Lakeshore Orebody, several other major mining companies 

reviewed the drilling and geophysical data. As part of their review, several 

of these companies carried out induced polarization surveys over the min­

eralized zone. These IP measurements were made in both the frequency 

domain and the time domain, with many diffet'ent electrode configurations. 

If these measurements were made with the proper electrode interval, and 

electrode configuration, they usually confirmed the IP anomaly at depth. 

None of this data has been released for inclusion in this paper. 

The variable frequency induced polarization surveys completed 

by McPhar Geophysics Inc., for El Paso Natural Gas Co. , were done using 

the dipole-dipole electrode configuration. We will present enough of the 
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data here to confirm the usefulness of the method in detecting and delimiting 

the Lakeshore Ore body. 

a) Line 420N (Background) 

The results shown on Figure 5 are from a portion of Line 420N, 

which passes approximately two miles south of the centre of the ore zone. 

These results were chosen to show ty.pical background levels on the pediment, 

southwest of the 'Slate Mountains. The resistivity level is moderate and the 

apparent frequency effects are variable, but low in magnitude. 

b) Line 512E (Discovery Line) 

The results shown on Figure 6 are part of the original 1966 re­

connaissance survey done on north-south lines, about one-quarter mile apart. 

The survey was done using 500' electrode intervals and 0. 05 - 1. 25 cps. 

There is almost no resistivity expression of the anomaly. The 

apparent frequency effect and apparent Metal Factor results both show a 

definite anomaly centred at 503N. There is some depth indicated to the 

source, but the depth to the top was not interpreted to be much more than 

one electrode interval (i.e. 500' 600'). 

The geological sectlon shown at the bottom of Figure 6 is drawn 

to the same vertical and horizontal scale as the IP data plots. The locations 

of the holes that have been drilled since 1966 are also shown. The rock­

type symbols used are those identified in Figure 2 and Figure 3. The 

geologic section shows that the IP anomaly correlates with the shallowest 

portion of the mineralized porphyry. At about 503N on Line 512E, the 

disseminated mineralization is about 600' to 700' nearer the surface than 

it is for several thousand feet in all directions. 

Under Line 512E, the more concentrated metallic mineralization 

in the tactite is at a depth of 1, 800 feet. This mineralization would not be 

expected to influence the measurements using 500' electrode intervals. 
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Thi~ is the most definite anomaly located on the reconnaissance survey, 

probably because of the decrease in the depth to the top, at this point. 

c) Line SOON (X = 200' and X = 300') 

At the end of the reconnaissance survey in 1966, a few east-west 

lines were surveyed in the vicinity of the old Lakeshore Pit. For this work 

X = 200', n = 1, 2, 3, 4, S were used. The data shown on Figure 7 is 1'rom 

Line SOON. This line passes over the south end of the old Lakeshore Pit. 

No anomalous frequency effects were measured. The apparent 

Metal Factor results show a weak anomaly, at considerable depth, centred 

at S24E. As shown by the geological section, constructed using later drill 

holes, this deep anomaly correlates with the up-dip edge of the metallic 

mineralization, beneath the depth of oxidation. 

Definite information about the depth of oxidation is sparse. 

However, the available data suggests that no fresh sulphide mineralization 

could be present above a depth of 400' to SOO'. There would certainly be 

some interval of partial oxidation, in which some metallic minerals might 

be present. The metallic mineralization present is at the extreme limit 

of the depth at which X = 200' measurements would be expected to detect it. 

Because of the great depth of the anomaly detected using X = 200', 

the measurements on Line SOON were repeated using X = 300'. (Figure 8). 

The 500/o increase in electrode interval gave rise to a much more definite 

anomaly. 

The resistivity pattern centred between 531 E and 534E is a 

typical pattern indicating a near-vertical contact between high resistivity 

rocks to the east and lower resistivity rocks to the west. There is a slight 

resistivity low associated with the anomaly. 

There is a slight increase in the apparent frequency effects for 

n = 4, 5 but the increase is less than the increased frequency effects to the 

east in the high resistivity rocks. The Metal Factor parame~er shows a 
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definite anomaly, at depth, centred at S2SE: The anomalous pattern suggests 

a near-vertical, tabular source that has a width less than the electrode in-

terval ( 300'). 

The results on Lirie SOON show clearly that if the Lakeshore 

Ore body is to be detected using 200' or 300' electrode intervals, it is 

necessary to use the dipole-dipole configuration and make accurate 

measurements for n = 4 and n = S. 

d) Line 498N (X = SOO' and X = 1 000') 

As mentioned above, the deep IP anomaly at Lakeshore was 

confirmed using east-w~st lines and larger electrode intervals after the 

first drilling had not inte.rsected significant sulphide mineralization to 

depths of 700 to 800 feet.; Measurements using X = SOO' and X = 1000' 

were made on Line 498N. This line is close enough to Line SOON, that 

the data can be considered to be from the same survey line. 

The measurements with SOO' electrode intervals can be seen on 

Figure 9. The most distinctive resistivity feature is the high resistivity 

level east of S30E to S3SE. There is only a very slight resistivity low 

associated with the ore body. 

The IP anomaly is quite definite when SOO' electrode intervals 

are used. The apparent frequency effect values and the apparent Metal 

Factor values are both definitely anomalous. The largest effects are 

measured for n = 4 and n = S. 

The anomalous pattern suggests an asymmetric source and the 

pattern is complex. The source of the IP effects could be approximated by 

a tabular source dipping to the west. The theoretical scale modelling re­

sults shown in Figure 10 show a typical pattern for a source dipping at 30°. 

The pattern i.s not unlike that measured over the Lakeshore Orebody using 

SOO' electrode intervals. 

The results of measurements with X = 1 000' on Line 498N are 
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shown on Figure 11. The IP anomaly centred at 520E correlates with 

the centre of the Lakeshore Oz:ebody. The apparent frequency effect 

values and the apparent Metal Factor values are definitely anomalous. 

With l 000' electrode intervals, it is probable that the IP anomaly is due 
. I 

to the entire volume of metallic mineralization rather than just the near­

vertical, up-dip end of the tactite zone that gave rise to anomalies when 

shorter electrode intervals were used. 

Conclusions 

The variable frequency IP results described above were chosen 

to demonstrate the role played by geophysics in the discovery and evaluation 

of the major copper deposit at the Lakeshore Property. The IP measure­

ments at Lakeshore were made at irregular intervals over a period of three 

years. Some of the results contributed to the eventual discovery of the ore; 

in other cases the results were misleading. Now thatmore complete geo­

logical data is available, it is, of course, possible to explain all of the 

effects measured. 

On Figure 12, we have shown all of the anomalies interpreted 

during the various IP surveys at Lakeshore. Also shown are all of the 

drill holes completed prior to November_l969. The line surroundtng all 

of the IP anomalies is the surface outline of a sample open pit prepared 

as the result of one, of several, computer analyses of the drill hole data. 

The correlation is quite specific. 
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Natural Gas Co, was accomplished by the application of integrated exploration 

techniques. All of the available geological and geophysical data was con.;. 

sidered; not just once, but repeatedly. The success of the program was 

due in large part to the patient re-evaluation of geophysical and geological 

data by the Geologic Staff of El Paso Natural Gas Co. 
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Senior Geologist, of El Paso Natural Gas Co. for their help in the prep­
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