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McPHAR GEOPHYSICS 

NOTES ON THE THEORY, METHOD O F  FIELD OPERATION 

AND PRESENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced Polarization a s  a geophysical measurement re fers  

to the blocking action o r  polarization of metallic o r  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 a s  base metal  sulphides. Normally, when cur ren t  is 

passed through the ground, a s  in resistivity measurements,  a l l  of the 

conduction takes place through ions present in the water content of the 

rock, o r  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 resist ivit ies much lower than ground waters. The 

induced polarization effect takes place a t  those 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  '* 



- 2 -  

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 o r  receive electrons f rom the metallic surface,  

increases  with the time that a d. c .  curren t  is allowed to flow through 

the rock; i. e. as ions pile up against the metallic interface the 

resis tance to cur ren t  flow increases .  Eventually, there is enough 

polarization in the form of excess ions at the interfaces,  to appreciably 

reduce the amount of current  flow through the metall ic particle.  

polarization takes place a t  each of the infinite number of solution-metal 

This 

interfaces in a mineralized rock. 

When the d. c. voltage used to create  this d. c. cur ren t  

flow is cut off, the Coulomb forces  between the charged ions forming 

the polarization cause them to return to their  normal position. 

movement of charge c rea tes  a smal l  cur ren t  flow which can be 

measured on the surface of the ground a s  a decaying potential difference. 

This 

F r o m  an alternate viewpoint it can be seen that i f  the 

direction of the current  through the system is reversed  repeatedly 

before the polarization occurs ,  the effective resist ivity of the system 

as a whole will change as the frequency of the switching i s  changed. 

This is a consequence of the fact that the amount of cur ren t  flowing 

through each metallic interface depends upon the length of t ime that 

cur ren t  has been passing through it  in one direction. 
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The values of the per  cent frequency effect o r  F. E. a r e  

a measurement  of the polarization4n the rock mass. However, since . .  

the measurement of the degree of polarization is related to the apparent 

resist ivity of the rock mass  i t  is found that the metal  factor values o r  

M. F. a r e  the most  useful values in determining the amount of 

polarization present  in  the rock mass. The MF values a r e  obtained by 

normalizing the F. E. values for varying resist ivit ies.  

The induced polarization measurement is perhaps the most 

powerful geophysical method for the direct  detection of metallic 

sulphide mineralization, even when this mineralization is of very 

low concentration. The lower limit of volume per  cent sulphide 

0 necessary  to produce a recognizable IP anomaly will 'vary with the 

geometry and geologic environment of the source,  and the method of 

executing the survey. However, sulphide mineralization of l e s s  than 

one pe r  cent by volume has been detected by the IP method under 

proper geological conditions. 

The greatest  application of the IP method has been in the 

search  for disseminated metallic sulphides of less  than 20% by volume. 

However, it has also been used successfully in the search  for  massive 

sulphides in situations where, due to source geometry, depth of source,  

o r  low resist ivity of surface layer,  the EM method can not be successfully 

applied. The ability to differentiate ionic conductors, such a s  water 

filled shear  zones, makes the IP method a useful tool in checking EM 
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anomalies which a r e  suspected of being due to these causes.  

In normal  field applications the IP method does not 

differ entiate between the economically important metall ic minera ls  

such' as chalcopyrite, chalcocite, molybdenite, galena, etc. , and the 

other metall ic minerals  such a s  pyrite. 

is due to the total of a l l  electronic conducting minerals  in the rock mass. 

The induced polarization effect 

Other electronic conducting mater ia l s  which can produce an IP response . 

a r e  magnetite, pyrolusite, graphite, and some forms of hematite. 

In the field procedure,  measurements  on the surface a r e  

made in a way that allows the effects of l a te ra l  changes in the propert ies  

of the ground to be separated f rom the effects of ver t ical  changes in the 

properties.  Current  is applied to the ground a t  two points in  distance 0 
(X) apart. The potentials a r e  measured a t  two other points (X) feet  

apart ,  in line with the cur ren t  electrodes is an integer number (n) t imes  

the basic distance (X).  

e 

The measurements  a r e  made along a surveyed line, with 

a constant distance (nX) between the neares t  cur ren t  and potential 

electrodes. In most surveys,  several  t r ave r ses  a r e  made with various 

values of (n); i. e. (n) = 1, 2 ,  3 , 4 ,  etc. The kind of survey required 

(detailed o r  reconnaissance) decides the number of values of (n) used. 

In plotting the resu l t s , ,  the values of the apparent resist ivity,  

apparent pe r  cent frequency effect, and the apparent metal  factor 
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measured for  each se t  of electrode positions a r e  plotted a t  the inter-  

section of grid lines, one f rom the center point of .the -current electrodes 

and the other f r o m  the center point of the potential electrodes. 

Figure A. ) The resist ivity values a r e  plotted above the line a s  a m i r r o r  

image of the metal  factor values below. 

(See 

On a second line, below the 

metal factor values, a r e  plotted the values of the pe r  cent frequency effect. 

In some cases  the values of p e r  cent frequency effect a r e  plotted a s  

superscr ipts  of the meta l  factor  value. 

effect values a r e  not contoured. 

value is determined by the location along the survey line of the center 

point between the cur ren t  and potential electrodes. 

value f rom the line is determined by the distance (nX) between the cur ren t  

In this second case the frequency 

The la teral  displacement of a given 

The distance of the 

and potential electrodes when the measurement was made. 

The separation between sender and receiver  electrodes is 

only one factor which determines the depth to which the ground is being 

sampled in any par t icular  measurement.  The plots then, when 

contoured, a r e  not section maps of the electr ical  propert ies  of the 

ground under the survey line. The interpretation of the resul ts  f rom 

any given survey must  be car r ied  out using the combined experience 

gained f rom field resul ts ,  model study resul ts  and theoretical investi- 

gations. 

measured is important in the interpretation. 

The position of the electrodes when anomalous values a r e  
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In the field procedi r e ,  the interval  o rer which the potential 

differences a r e  measured is the same  as the interval over  which the 

electrodes a r e  moved after a se r i e s  of potential 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 surveys 

merely by changing the distance (X) over which the electrodes a r e  moved 

each time. In the past ,  intervals have'been used ranging f rom 25 feet  

to 2000 feet for (X) .  In each case,  the decision as to the distance (X) 

and the values of (n) ' to 'be used i s  largely determined by the expected 

s ize  of the mineral  deposit being sought, the s ize  of the expected anomaly 

and the speed with which it is des i red  to progress .  

The diagram in Figure A demonstrates the method used 

in plotting the resul ts .  

metal  factor,  and apparent pe r  cent frequency effect is plotted and 

Each value of the apparent resist ivity,  apparent 

identified by the position of the four electrodes when the measurement  

was made. It can be seen that the values measured for  the l a rge r  values 

of (n) a r e  plotted fa r ther  f rom the line indicating that the thickness of 

the layer  of the ear th  that is being tes ted is g rea t e r  than for the smal le r  

values of (n); i. e. the depth of the measurement  is increased. When 

the F. E. values a r e  plotted a s  superscr ip ts  to the M F  values the third 

section of data values is not presented and the F. E. values a r e  not 

contoured. 
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The actual data plots included with the repor t  a r e  prepared  

utilizing an IBM 360/75 Computer and a Calcomp 770/763 Incremental  

Plotting System. The data values a r e  calculated, plotted, and contoured 

according to a programme developed by McPhar Geophysics. Certain 

symbols have been incorporated into the programme to explain various 

situations in recording the data in the field. 

The IP measurement  is basically obtained by measuring the 

difference in potential o r  voltage ( A V )  obtained at two operating frequen- 

cies.  The voltage is the product of the cur ren t  through the ground and 

the apparent resist ivity of the ground. 

where the cur ren t  is ve ry  low due to poor electrode contact, o r  the 

Therefore in  field situations 

apparent resist ivity i s  very low, or  a combination of the two effects; the 

value of (a V )  the change in potential will be too smal l  to be measurable.  

0 

The symbol "TL" on the data plots indicates this situation. 

In some situations spurious noise,  either man made o r  natural ,  

will render  i t  impossible to obtain a reading. The symbol "N" on the 

data  plots indicates a station at which it is  too noisey to record a reading. 

If a reading can be obtained, but for reasons of noise there  is some doubt 

as to its accuracy, the reading is  bracketed in  the data plot ( ). 

In cer ta in  situations negative values of Apparent Frequency 

Effect a r e  recorded. This m a y  be due to the geologic environment o r  

spurious electr ical  effects. 

recorded is indicated on the data plot, however the symbol "NEG" is 

The actual negative frequency effect value 

0 
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indicated for the corresponding value of Apparent Metal Factor. In 

contouring negative values the contour -lines a r e  indicated to the neares t  

positive value in the immediate vicinity of the negative value. 

The symbol "NR" indicates that for some reason the operator 

did not attempt to record a reading although normal survey procedures 

would suggest that one was required. This may be due to inaccessible 

topography o r  

cussed above 

other similar reasons. Any symbol other than those dis- 

s unique to a particular situation and is described within. 

the body of the report. 
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McPHAR GEOPHYSICS LIMITED 

REPORTONTHE 

INDUCED POLARIZATION 

AND RESISTIVITY SURVEY 

ON THE 

DANSEY PROPERTY, NORTH PACIFIC OPTION 

HIGHLAND VALLEY AREA 

KAMLOOPS MINING DIVISION, BRITISH COLUMBIA 

FOR 

NORANDA EXPLORATION COMPANY, LIMITED 

1. INTRODUCTION 

During the periods September 24, 1969 to October 6, 1969, 
e 

and October 13, 1969 to October 21, 1969, an induced polaeisation and 

reeietivity survey was carried out on the Dansey Property, North Pacific 

Option of Noranb  Exploration Company, Limited in the Highland Valley 

Area, Kamloope Mining Division, British Columbia. The claim group is 

located approximately 20 miles eoutheaet from the town of Ashcroft, 

British Columbia and approximately 16 miles south of Savona, British 

Columbia. It lies in the northweet quadrant of the one degree quadrilateral 

whose southeast corner is 50°N latitude and 12OoW longitude. Access to 

the claims is by a loose-surface, all  weather road to a turn-off approxi- 

mately 3 miles north of the Mamit Lake - Witches Brook intersection 

which can be reached from Ashcroft, Merrit o r  Savona, British Columbia. 
0 
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From this turn-off a four-wheel-drive road leads west and north to the 

claims. 

The geophysical work diecuseed in this report was carried 

out on the following claims of the Dansey Property, North Pacific Option, 

all of which are located in the Kamlooprs Mining Division. 

Tom 1 1  
Tom 12 
Tom 13 
Tom 14 
Tom 15 
Tom 16 
Tom 17 
Tom 18 
Tom 19 . 
Tom 20 
Tom 1 
Tom 2 

JB 11 
JB 9 
JB 7 
JB 20 
JB 21 
JB 22 
JB 33 
JB 25 
JB 26 
JB 27 
JB 28 

Bill 1 
Bill 2 
Bill 3 
Bill 4 
Bill 5 
Bill 6 

Mike 1 
Mike 2 
Mike 3 
Mike 4 
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AB 17 

AB 19 
AB 20 
AB 21 

AB18 , 

The claims are  all owned by North Pacific Mines Ltd. (NPL) 

and a re  optioned to Thermochem Industries Limited (name recently changed 

to Brameda Resources Limited). The IP eurvey work was authoriraed and 

paid for by Noranda Exploration Company, Limited which ha8 a working 

agreement with Thermochem Industries Limited. 

The survey area is underlain mainly by intrusive rocks of 

the Guichon Creek Batholith. It is underetood that previous work has been 

carried out on the property in the form of geological mapping, geochemical 

aoil surveying, and limited geophysical surveying and diamond drilling. 

The present IP eurvey war carried out as part of a re-evaluation of the 

economic potential of the property and in particular to locate and evaluate 

any zones of disseminated sulphide mineralization which could exiet on the 

prope rty . 
The IP survey was carried out 

frequency induced polarization unit utilieing 

employing a McPhar variable 

the dipole -dipole electrode 

configuration and both 200 and 400 foot d i p l e e .  Three dipole eeparations 

(n = 1 , 2,3) were recorded and the frequencies employed were 0.3 H e  and 

5.0 Mz. 

2. P R E S E N T A T I O N  OF RESULTS 

The induced polarization and resistivity results are shown 
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on the data plot6 listed below and are  summarized on the plan map in the 

manner described in the notes preceding W e  report. 

Line 68W 

Line 60W 

Line 56W 

Line 52W 

 in^ 4aw 

Line 4 4 W  

Line 16E 

Line 2433 

Line 28E 

Line 32E 

Line 36E 

Line 40E 

Line 68N 

Line 72N 

Line 76N 

Line 80N 

Liae 84N 

Line 88N 

400 foot electrode interval8 DWg, IF 5361-1 

Dwg. IF 5361-2 

Dvpg. IP 5361-3 

Dwg. IP 5361-4 

Dqgm IP 5361-5 

Dwg. IP 5361-6 

400 foot electrode intervals 

400 foot electrode intervals 

400 foot electrode intervale 

400 foot electrode intervals 

400 foot electrode intervala 

400 foot electrode intervals Dwgm IP 5361-7 

Dwg. IP 5361-8 

Dwg. IP 5361-9 

Dwg. IP 5361-10 

Dwg. IF 5361 -1 1 

Dwg. IP 5361-12 

Dwg. IP 5361-13 

400 foot electrode intervals 

400 foot electrode intervals 

400 foot electrode intervals 

400 foot electrode intervals 

400 foot electrode intervals 

200 foot electrode intervals 

2(10 foot electrode intervals h g .  IP 5361-14 

200 foot electrode intervale Dwg. IP 5361-15 

200 foot electrode intervals Dwg. IP 5361-16 

Dwg. IP 5361-17 200 foot electrode intervals 

200 foot electrode intervals m g .  IP 5361 -18 

Enclosed with this report is Dwg. IPP 4582-1 and Dwg. 

IPP 4582-2, plan maps of the grid line8 surveyed at a scale of one inch 

equals four hundred feet. The definite and possible induced polarisation 



- 5 -  

anomalies a re  indicated by solid and broken bars respectively on these 

plan maps as well as the data plots. These bars represent the surface 

projection of the anomalous eones as interpreted from the location of the 

transmitter and receiver electrodes when the anomalous values were 

measured. 

Since the induced polarization measurement is essentially an 

averaging process, as  a re  all potential methods, it is frequently dffficult 

to exactly pinpoint the source of an anomaly. Certainly, no anomaly can 

be located with more accuracy than the electrode interval; i. e. when using 

400 foot electrode intervals the position of a narrow sulphide body can only 

be determined to lie between two etatfons 400 feet apart. In order to  locate 

eourceg at some depth, larger electrode intervals must be used, with a 

corresponding increase in the uncsrtaintiea of location. Therefore, while 

the centre of the indicated anomaly probably correeponds fairly well with 

source, the length of thc indicated anomaly along the line should not be taken 

to represent the exact edges of the anomalous material. 

The location of survey lines relative to claim boundaries, the 

names and relative positions of the claims, and the geologic data indicated 

on the maps and diacueeed in the report are based upon information supplied 

by Noranda Exploration Company, Limited. 

3. D I S C U S S I O N  OF R E S U L T S  

The induced polarization and resistivity survey discussed in 

this report wae carried out on three distinct groupings of lines, covering 0 



e three portions of the Dansey Property claim group. The lines batwccn 

these various areas were surveyed by Noranda Cxploratfon Cornpany, 

Limited with an induced polarieation unit of their own design and manu- 

facture. The results of this survey are discussed in a separate report. 

However, to  properly evaluate the overall significance of the IP survey 

results on the Dansey Property, it would be necessary to compare the 

results of these two surveys. 

The three areas of IP survey results discussed in this report 

a re  a8 followa: 

Line 68W to L h e  44W , 

This series of six north-south b e 8  is located in the eouthweet 

0 portion of the property and is indicated on map Dwg. IPP 4582-1. The 

lines were all surveyed employing 400 foot dipoles, 

Line f6E to Line 40E 

Lying in the eoutheaat portion of the property this series of 

six north-south linee is also indicated on map Dwg. IPP 4582-1. Again 

a l l  lines were surveyed employing 400 foot dipoles. 

Line 68N to Line 88N 

These lines are indicated on map Dwg. IPP 4582-2 and occur 

in the north central portion of the property. 

were surveyed employing 200 foot dipoles. 

They are east-west lines and 

The results of the survey indicate that a portion of the pro- 0 
perty is underlain by rocks having relatively high Apparent Resistivity , 
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e (greater thap 200 o h m  feet/Zn ) while the other portion has lower values 

of Apparent Resistivity (less than 100 ohm f ee t l t a  ). This distinct diff- 

erence in background values of Apparent Resistivity makes it difficult to 

compare abeolute values of Apparent Metal Factor in terms of significant 

. anomalou a 1: e e pons e. 

Line 68W 

The values of Apparent Reeiotivity on this line are  quite high, 

although they do decrease, especially on the first and second eeparations, 

to the north of 2tOOS. There are no eignificantly anomaloue IP reeponees 

indicated on this line, 

Line 60W 

The survey results on this line correlate with those on Line 

68W. Lower valuee of Apparent Resistivity a re  indicated on the first and se-  

cond separation readings to the north of OtOO resulting in increased values of 

Apparent Metal Factor with only slight increases in values of Apparent 

Frequency Effect. This may represent very weakly disseminated mineral- 

ization. 

Line 56W 

Resistivity values are high for the entire surveyed length of 

this line. A weak, shallow, narrow (less than 200 feet) anomaly is indi- 

cated centred between 18t00S and 22tOOS. 
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Line 52W 0 
Resistivity values are  high for most of the length of this line, 

decreasing to the north of 6t00N. A weak, shallow anomaly is indicated 

between 6tOOS and 2tOOS. A broad, complex, weakly anomalous response 

is also indicated extending from 4t00N to at least 14t00N. The effective 

survey coverage would have to be extended to the north to determine if it 

represents a 

Line 48W 

with isolated 

lower values 

distinct anomaly or a change in background response. 

The values of Apparent Resistivity on this line a re  complex 

high resistivity values on the first separation readings and 

on the deeper separations. Weak, narrow anomalies are  

0 indicated between 14t00S and 18tOOS, and between 

Line 44W 

.Weak, broad, shallow responses are 

ZtOOS and 6tOOS. 

indicated from 28tOOS 

to 18tOOS and from 34tOOS to at least 38tOOS. Resistivity values a re  uni- 

formly quite high. 

Survey data would be required immediately to the east of Line 

44W to  properly evaluate the extent and possible significance of these weak 

responses. 

Line 363 

All lines surveyed to the east, and Line 16E itself, indicate 

0 low values of Apparent Resistivity resulting in higher values of background 

Apparent Metal Factor. 
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0 Possibl anomalies a r  indicated between 28tOOS and 24tOOS, 

between 2OtOOS and 16+00S, and between 8 t00N and 12t00N. 

Line 24E 

Possible anomalies a re  centred at 28tOOS and between 12 t00N 

and a6tOON. A stronger response is indicated from 3 t 0 0 N  to 4tOOS with 

weaker extension to 1OtOOS. 

Line 28E 

Above background response is indicated between 2tOOS and 8+00N 

although some of the readings &e questionable in this area. 

Line 3 2 E '  

The values of Apparent Resistivity on this line a re  quite low 
0 

being generally less than 20 o b  f e e t / 2 ~  and lese than 10 ohm feet/tlr 

at the extreme north end. 

A deep seated, probable anomaly is indicated from 18tOOS to 

32tOOS, while a narrower, more distinct anomaly suggesting ZA shallower 

source ia,  indicated between 4tOOS and 2t00N. A broad zone of above back- 

ground response extends from lO+OON to at least 28t00N. 

Line 36E 

There are  eevaral questionable o r  negative readings on this 

short line. However, anomalous IP response associated with extremely 

low values of Apparent Resistivity extend from 6 t 0 0 N  to about 20t00N. e 
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Line 40E 

Again values of Apparent Rosietivity are quite low on this 

line. A distinct anomaly of moderate response is indicated from 14t00N 

to 2+00N with probable extensioni-to 1OtOOS. Anomalous response is also 

indicated extending from 34tOOS to at  leoet 40tOOS. The effective survey 

coverage would have to be extended to the south to properly evaluate this 

anomaly. 

Line 68N 

This is the most southerly of the group of east-west lines in 

the north central portion of the property. The linea of this group were 

surveyed utilizing 200 foot dipoles. The values of Apparent Rcsistfvity 

measured a re  relatively high and more similar to those encountered on 

Line 68W through to Line 44%' than on the eastern lines, Line 16E through 

0 

Line 40E. 

Moderate magnitude anomalies a re  indicated centred at 102tOOW 

and 79tOOW on this line. Narrow, shallow, possible anomalies are also 

indicated between 68tOOW and 66tOOW and from 58tOOW to the east. 

Line 72N 

Narrow, weak responses a re  indicated from 11 1tOOW to 108tOOVJ, 

between 84tOOW and 81tOOW, and between 68tOOW- and 66tOOW. 

these responses is associated with a distinct resistivity low and has no 

The last of 

significant increase in Apparent Frequency Effect. 0 



Line 76N 

The background IP response on this line is quite low. An iso- 

lated, shallow, single reading, weak responee is indicated between 78tOOW 

amd 76tOOW. 

Line 80N 

Weak, narrow, possible anomalies a re  indicated between 

72tOOW and 70tOOW and between 60tOOW and 58tOOW. 

Line 84N 

Background IP responee is quite low on this line. A weak, 

To the narrow source at depth is centred between 86SOOW and 84+OOW . 
ea& a broader weak source is indicated between 69tOOW and 6 5 t O O W .  0 
Line 88N . 

Background IP response is quite low, and no significant anom- 

alous IP responses a re  indicated. 

4. S U M M A R Y  A N D  CONCLUSIONS 

The result8 of the IP survey indicate two quite distinct resistivity 

environments. 

through Line 88N, and Line 68W through Line 44W) indicated fairly high 

The north and west groups of linee surveyed (Line 68N 

valuee of Apparent Resistivity. On the other hand the eastern lines, Line 16E 

through Line 40E, indicate quite low values of Apparent Reeietivity. Since 

the lower values of Apparent Resistivity a re  continuous to the third separation 0 
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employing 400 foot dipoles, the resistivity change suggests a change in 0 
rock type o r  at least a distinct change in rock texture (intense fracturing or  

alteration resulting in lower Apparent Resistivity) rather than a sharp in- 

crease in thickness of lower resistivity overburden cover. If the lower 

values of Apparent Resistivity a re  due to low resistivity overburden, then 

the pattern of the response would suggerst a depth of cover greater than 500 

feet. 

Due to  the distinct change in background resistivity, the back- 

ground values of Apparent Metal Factor a re  higher in the lower resistivity 

environment. Detailed geologic information at3 well as survey coverage in 

the area from Line 48W t o  Line 16E would be necessary to evaluate the 

significance of the lower resistivity area and its relationship to the other 

areas surveyed. 
e 

Line 68VJ ,through Line 44W 

Weak anomaliee have been indicated on Line 56W, Line 52W, 

Line 48V? and Line 44W, These weak responaes do not appear to correlate 

into distinct zones. They would not warrant further investigation d e e s  

the geology suggests that narrow (less than 400 feet) sone8 of mineralization 

could be significant. If this were the c a ~ c ,  then the shallow responses should 

be detailed using shorter electrode intervals. 

The broader IP responses would at beet represent weakly 

disseminated mineralization. 
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0 Line 1632 through Line 40E 

These lines all lie within the low resistivity environment, 

resulting in higher background Apparent Metal Factor responses. Information 

as to the rock type, and type and mode of dispersion of any metallic minerali- 

zation present would be necessary to properly evaluate the significance of the 

broad anomalies indicated on these lines. The more d i~ t inc t  patterns occur 

on Line 32E, 4tOOS to 2cOON; Line 36E, 6tOON to 18+00N; and Line 40E, 

2t00N to 14t00N. Further work should be carried out to investigate the 

source of these reeponees. 

Line 68N through Line 88N 

The values of Apparent Resietidty measured on these lines are  

relatively high, of the same order of magnitude a s  those obtained on Line 68W 

through Line 44W. 

would require supporting geological data to warrant further investigation. 

a 
Several weak, narrow sources have been indicated which 

hjip Date: April 25, 197Q 
Bated: December 23, 1969. 
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