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McPHAR GEOPHYSICS 

REPORT ON THE 

INDUCED POLARIZATION 

AND RESISTIVITY SURVEY 

ON THE 

SCHAFT CREEK PROPERTY, 

LURDIvlMING DWZSION, B.C.  

FOR 

HECLA kINfNO CO. OF CANADA. LIMITED 

1. I N T R O D U C T I O N  

W e  have recently completed an induced Polarisation and Rerfrtivity 

rurtrey on the Schaft Creek property of X o c b  Miaing Company of C l i u b .  

Limited, in the Lhrd Miming Uivirioa, Britirh Colurribia. The proprty ir 

ritwted at 57' N laHtud8 8nd 131' W hqitaado h tho rauthoart aoetor of 

the quadrant, 37 r ~ i l 8 r  south-routhe8rt of Tdogrrph Croak, B . C .  Accorr 

ir by aircraft from Terrac8 and Sn.itherr, B,C.  

Tho Schrtt Creek proprrty l i t 6  on tho -et flank of the Hickman 

Eatholith, 8 major grrnftic pluton of the Cmrt Xntrtuiona, intruded into 

TrUrric  andesite, 8ad pyroclartk rock.. on the .rat 0f the property u.8 

&'err Cruek valley, which m8y be an moa of major fruftbg. 

Coppor -molybdenum minerrlitrtion occarr L3 fddrpathired and 

intenrely frrctured 8ndsriter. Hypab-rrl mo~~sonito 8ad quarts rroasonite 

occur with rnineraM~~ation urd may reprerent maer of particularly intenre 
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Also enclosed w i t h  this repert fr D w g .  I. P, P. 3606, a mag of the 

&e146 Creek Grid at a scrle af 1 I' = 480*, and IWg. I, P, P. 4922, I pbn m8p 

of the Skeeter Lake Grid at a scale of 1'' = 400'. The White, prabrble 

and por sibls Induced Polariaatloa aaoanrlier are indicated by b8?l& in the 

t 

rn8LPPLQr shown on the legend, on these plan mapa 

There bar8 reprereat the rutfabcs proj8ctlon of the 8non-8feur, te l l8  88  

we11 we an the data plat.. 

pinpoint tho sourca of an rnonalV. Certainly, PK) mwrnsly a n  ba located 

with more accuracy than the electrode Lntatrvrl Isngthz L a .  whm udng 200' 

electrode intervale the prit ian of a narrow ~ d p h i d a  body can only be 

dctarn insd t o  lie between two station* 200' aprL In order to ddinitsly 
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2, P R E S E N T A T I O N  OF R E S U L T S  

The Induced Polartcation and R e s i r H v i t y  result8 are rhawn ou the 

following data plot# in the n-anncbr darcribsd iX, the notar; preceding thir  report. 
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locate, rad fully wrcluate, a narrow, ahalhw metarc. it ir necerrrry to 

UII rhott8r electrode Latortirb. In order to locate m~ltteoa at acme depth, 

h g c r  electrode b t O W 8 h  WUSt be WedD with 8 C O r r 8 8 p o a d i a g  i n C r u U 0  

in the uneertahtier of 10C4btiion. Therefore, whtle the cantre ol the indicated 

ionarnsrly probably corr~rpomds fairly well with I D U T O ~ ,  the lengol of the 

indicated anm8lg along the line rhoald not be taken to reprereat tho eract 

adgar of the rnan.r8loum r~atertal. 

3. D 1 S C U S 6 i I O N  OF R E S U L T S  

The two grid. which were rwrvsyed on the Schaft Ct8.k gropariy lia 

six rriler apart, 16 each grid will be described reprr8tsly. 

Skeeter Uk8  Grid 

The four BP lines om tbir grid are widely 8eprrrtsd, 8 0  th8t no 

anmalour tread UZI be rsuccerrfully indicated. In gmmral, the aadwlytng 

rocks are highly resistive, varying franr! 200 to over 6000 Pa/tn o b  feat. 

The IP data r u g p s t  a e o w p l u  g#dogy, w%th the possibility that 81terrMon 

and mineral emplacan~tat hae been followed by riliclficatioa, h..ekl factor 

valuer Over thir type of depoctt are not as diagmstk aa they generally arey 

YO for this reaaon, both n-ekaal factor anonaliar and frequency dfect anorraliss 

have been shown on the plan n,ap and daw atrfpa and both w i l l  be dircurrrd. 

LLne 13000N 

A rretal factor anon aly extends from 0 to 14'2; e varflng from poreibke 

to probable. T h e  f t q u a n c v  affect anomaly La possible and exteado iron 0 

to 8F. Froor $E to 14F', the decrease in frcsqueacy effeetr ia accompanied 
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by 8 decraare in rorirtivitiar, augg80ting a W d e r  rowco for the uroanrly. 

A definite change in rock type is indicated at l6E. 

Lfso 800ON 

Thio line rsprerentr the m0.t complex g e d q y  of the grid. A wask 

anarrrrly (N.F.) from 0 to ?E correapoadr to a much breach,  r t r q a r  

frequency affect mon7Jy which is porriblr from 6 W  to ZW, prob8bh frcrn 

2 W  to 0 ,  definite frcm 0 to 4E and pori ibh fron 4E to 6E. The rtroag 

frequency effect. which Irra f8irly conrtant fron! 0 to 4E correrpcmd 

with redrtivftier which chrnge from 400 pal21 o b .  feet to 1433 WZU 

o b  feet: - this affect rtroayly rtaggsmta pit-miacrrrliwtion rilicificrtion 

at thir point. 

Porribh momrliar ef both type8 occur from 8F te IOE. A pomoible 

h. .F, anomaly frcm 12E to f 6 E  egprrrr 81 a rddimits F .E .  raomalyfron? 

f4E to lea, flanked by prrrfble urowalier to 12F m d  20P. Again there 

ir a large variation in rarUtlvitiao correrpossdkrg to the F. E.cmo~alp .  

A probabla, rhallow M. F, 8smaly froart 24E to 26E reflsetr lowered 

resirtivity rather than rrinsraliartion, dace there ir  8 correepondiag 

decreara in frequency effect.. ThLi ir afro true d the porsible, r W o w  

W.F. anon sly from 28E to 3OF. 

Line 5000N 

A posrible h1.F. amtm-aly froR7 4 W  to ZP: indimtar a iource with the 

top near 100' in depth. Frorr 3E to 5E a probrble L .F .  anomaly rdlectr 

a eource at eon e depth. A posrible Ev;. F. anomaly from 6E to 8 6  may 

be continuour at depth with the probablr to poenible 8aon;aly from 10E to 
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14E. 

The F'.E'. anorrrly is eontinuour frim I b W  to I6E Frm. 16W to 

2W, the top of the BOUIC~ ir near 100' in depth, then the source io lsrr 

than 180' deep f r m  2W to 16F. 

correlate w d  frarr JOE to 12E, whers the aourc8 lrpprrrrr to be 

relatively narrow'. A porrible 8 ! m n d y  with the top of the I O I L ~ C ~  p u r  

200' in depth exkendm frorn 22E to 26E, incorrplete. 

TU8 an013781y m d  the M a F .  anofflrly 

Line 10000s 

A prahble M.F. amamaiyfrolr 18W to 14W has no cotreaponding 

F'. F. anomaly and may reflect altered, barren Qr very weakly mberali=ed 

racke 

A prriblr R4.B". aaomdy &8 the marce on SI = 4 - 8 correrpoading 

goreible FOE. anorraly rcrflecbr 8 uarraw, r W o w  routce. A probable 00 

perrible, r h l l o w  M . F .  raoaaly ir root codirnted by tho freqwncy effoeta. 

A froqtamacy effect ra~m81y iron: IbE to 34E varies fram poesible to 

probable'. The Lop of the IQ~VCO r r r i e r  fram loam than 108' to 200' tn depth, 

with the m8gnituda of the effectr inerr8riag d a h  depth. 

Moor Creek Grid 

Three long linlrr were surveyed on thir grid, Lime 21000N, Line 26300N 

and Line 25SOON. Thir is r h o  a blgh-tsrirtfvUy snolroas.ent. The I P  

rarraltrr located only one uromafy on the t k s e  1fn+r. On Line 2SSOON, 8 

probable to possible frequency effect mad 8 porribls metal factor r~oanaly 

extend fro- 130E to 122E, incemplsta at the end of the line. 
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4. C O N C L U S I O N S  A N D  R E C O h b E N D A T f O N S  

The IP result. om the Skeeter Lake grid fadicrk that the geology of 

the undsrlyiag rock8 18 corr,ple% and the I P  inkrpr8Ution rnorrt t8ke thir 

into account. It i a  known &hat the rninetalisatioa in tbA area ir resociatad 

with faulting, fracturing rad interne 8lterlrdO~L The everall pttera of 

the rsrdts  ruggsrt thrt m h e r d  curphcemoaf ha0 b8an fsuoW8d by 

rilicificrtisn of the hort roc- in came part, but net colnpletdj. Since 

the high rsairtivitier of ril iciow rocks result8 ia decrerring metal hctorr, 

both rr etal frctot aann-dfes m d  frsquancy effect 8nW8h8 b v e  been 

mapped rad dircurred. As the liner are too widely raparatsd an the grid 

to be able to diaeern any rllbmrrl~ur tread, raah lins waa dirctwrad 

rep~rrrtely, The central partion of the grid rpperrr to bo &hu moat 

premising rector for further tnvertigatioa, Lo. from Line 8OOQN to 

Line SOOON 8nd to the north a d  routh of there linea. 

Should drill hole loc8tionr be required rt this time, the followhg 

location. are ruggartadr 

Drilling rsmultr rhoold then be ev8kmtSd .ad correlrkd with the IP 

data before further recolrmsad8tioar are amade, 

The h e r s  Creek grid contained only one 8nozcaly on the wart end of 

Line 25500N. 
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McPHAR GEOPHYSICS 

111 

NOTES ON THE THEORY, METHOD O F  FIELD OPERATION, 

AND PRESENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced Polarization as a geophysical measurement  r e f e r s  

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  cur ren t  is passed through an a r e a  which contains metallic 

minerals  such a s  base meta l  sulphides. Normally, when cur ren t  is 

passed through the ground, as in resist ivity measurements,  all 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 resist ivity than ground water. 

The group of minerals  commonly described as "metallic", however, 

have specific resist ivit ies much lower than ground waters,  

induced polarization effect takes place at those interfaces where the 

mode of conduction changes f rom ionic in the solutions filling the 

inters t ices  of the rock to electronic in the metallic minerals  present  

The 
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in the rock. 

The blocking action o r  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. c. current  is allowed to flow through 

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

resistance to current  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 metallic particle. 

polarization takes place at each of the infinite number of solution-metal 

interfaces in a mineralized rock, 

This 

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. This 

movement of charge creates  a small current  flow which can be 

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

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 resistivity 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 current  flowing 

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

current  has been passing through i t  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 polarization in the rock mass. 

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

resistivity of the rock mass  i t  i s  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. 

normalizing the F. E. values for varying resistivities. 

However, since 

The MF values a r e  obtained by 

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. 

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 less than 

one per  cent by volume has been detected by the TP method under 

p r o p e r g e 010 g ic  a1 conditions . 

The lower limit of volume per  cent sulphide 

The greatest  application of the IP method has been in the 

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

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

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

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

applied. The ability to differentiate ionic conductors, such as 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 

differentiate between the economically important metallic minerals  

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

other metallic minerals such as pyrite. 

i s  due to the total of all electronic conducting minerals in the rock mass .  

Other electronic conducting mater ia ls  which can produce an IP response 

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

The induced polarization effect 

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

made in a way that allows the effects of la teral  changes in the properties 

of the ground to be separated from the effects of vertical  changes in the 

properties.  

(X) apart. The potentials a r e  measured a t  two other points (X) feet 

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

the basic distance (X).  

Current is applied to the ground at two points in  distance 

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

a constant distance (nX) between the nearest  current  and potential 

electrodes. In most surveys,  several  t raverses  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 resul ts ,  the values of the apparent resistivity, 

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

section of grid lines, one from the center point of the current  electrodes 

and the other f rom the center point of the potential electrodes. 

Figure A .  ) 

image of the metal  factor values below. On a second line, below the 

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

In some cases  the values of pe r  cent frequency effect a r e  plotted as 

superscripts of the metal 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 current  and potential electrodes. 

value from the line is determined by the distance (nX) between the current  

and potential electrodes when the measurement was made. 

(See 

The resistivity values a r e  plotted above the line a s  a m i r r o r  

In this second case the frequency 

The la teral  displacement of a given 

The distance of the 

The separation between sender and receiver electrodes is 

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

sampled in any particular measurement. The plots then, when 

contoured, a r e  not section maps of the electrical  properties of the 

ground under the survey line. 

any given survey must  be carr ied out using the combined experience 

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

gations. 

measured is important in the interpretation. 

The interpretation of the results f rom 

The position of the electrodes when anomalous values a r e  
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I In the field procedure, the interval over which the potential 

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

electrodes a r e  moved after a s e 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. 

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 i t  i s  desired to progress.  

In the past, intervals have been used ranging f rom 25  feet 

The diagram in Figure A demonstrates the method used 

in plotting the results.  

metal  factor ,  and apparent per  cent frequency effect is plotted and 

identified by the position of the four electrodes when the measurement  

was made. 

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

the layer of the ear th  that is being tested is greater  than for the smaller  

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

the F. E. values a r e  plotted a s  superscripts to the M F  values the third 

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

contoured. 

Each value of the apparent resistivity, apparent 

It can be seen that the values measured for  the la rger  values 

When 
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The actual data plots included with the report  a r e  prepared 

utilizing an IBM 360 /75  Computer and a Galcomp 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 apparent resist ivity of the ground. 

where the current  is very low due to poor electrode contact, o r  the 

apparent resist ivity is 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. 

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

The voltage is the product of the current  through the ground and 

Therefore in field situations 

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

will render i t  impossible to obtain a reading. 

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 

a s  to  i t s  accuracy, the reading is bracketed in  the data plot ( ). 

In certain situations negative values of Apparent Frequency 

The symbol on the 

Effect a r e  recorded. 

spurious electrical  effects. 

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

This may be due to the geologic environment o r  

The actual negative frequency effect value 
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indicated for the corresponding value of Apparent Metal Factor. 

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

positive value in  the immediate vicinity of the negative value. 

In 

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  other similar reasons. Any symbol other than those dis- 

cussed above is, unique to a particular situation and is described within 

the body of the report. 
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M E T H O D  U S E D  I N  P L O T T I N G  D I P O L E -  DIPOLE 

I N D U C E D  P O L A R I Z A T I O N  A N D  R E S I S T I V I T Y  R E S U L T S  

I I 1 I 1 
I 2 3 4 5 6 7 8 9 

S t a t i o n s  on line x = Electrode spread length 
n = Electrode separat ion 

P P P 

P P P P 

P P P P P 

1,2 - 6,7 2,3-7,8 3,4-8,9 n - 4  

n - 3  1 ~ 2 - 5 ~ 6  2,3-6,7 3,4-7,8 4,5-8,9 Apparent Resistivity 
n - 2  1,Z-4,5 2,3-5,6 3,4-6,7 4,5-7,8 5,6-8,9 
n - l  P P P P P P 

M.E M F. M. F. M.E M.F. M. F 

M. F. M .F. M. F. M.F. M.F. 

M.F. M F  M. F. M. F 
n - 3  42-5,6 2,3-6,7 3,4.-7,8 4,5-8,9 Apparent Meta l  Factor 

M.F. M . F. M.F. 
1,2-6,7 2,3-7,8 3,4-8,9 n - 4  

n - l  1,2-3,4 23-4,5 3,4-5,6 4,5-6,7 5,s-7,8 6,7-8,9 

n - 2  1,2-4,5 2,3-5,6 3,4-6,7 4,5-7,8 5,6-8,9 

n - l  1,2-3,4 2,3-4,5 3,4-5,6 4.5-6,7 5,6-7,8 6,7-8,9 
F. E. F, E. F. L F.E. F. E. 

1,2-4,5 2.3-5,6 3,4-6,7 4,5-7,8 5,6-8,9 
F. E. F. E. F.E. F.E. 

n - 2  

n - 3  1,2-5,6 2,3-6.7 3,4-7,8 45-8.9 Apparent Percent 
Frequency Ef fec t  F.E. F. E. F. E. 

n - 4  1,2-6,7 2,3-7,8 3,4-8,9 

F i g .  A 






















