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PHOENIX GEOPHYSICS LIMITED 

NOTES O N  T H E  TBEORY,  METHOD OF FIELD OPERATION, 

AND PRESENTATION OF DATA 

FOR THE I N D U C E D  POLARIZATION METHOD 

Induced P o l a r i z a t i o n  as a geophys ica l  measurement r e f e r s  

t o  t h e  b l o c k i n g  a c t i o n  o r  p o l a r i z a t i o n  o f  m e t a l l i c  or e l e c t r o n i c  

conductors  i n  a medium o f  i o n i c  s o l u t i o n  conduct ion.  

T h i s  e lec t ro-chemica l  phenomenon occur s  wherever 

e l e c t r i c a l  c u r r e n t  i s  passed through an  a r e a  which c o n t a i n s  metall ic 

mine ra l s  such  as base  me ta l  s u l p h i d e s .  Normally, when c u r r e n t  is 

passed through t h e  ground, as  i n  r e s i s t i v i t y  measurements, a l l  of t h e  

conduct ion t a k e s  p l a c e  through i o n s  p r e s e n t  i n  t h e  wa te r  con ten t  of t h e  

rock. or s o i l ,  i .e. by i o n i c  conduct ion .  Th i s  i s  because almost a l l  

m i n e r a l s  have  a much h i g h e r  s p e c i f i c  r e s i s t i v i t y  t h a n  ground wa te r ,  

The group o f  mine ra l s  commonlBdescribed as  "meta l l ic" ,  however, 
i 

t i v i t i e s  much lower than  ground waters .  The 
6 

inducsd p o l a r i z a t  on e f f e c t  i a k e s  p l a c e  a t  those  i n t e r f a c e s  where t h e  

Q 9 r 4  d mode of conduct ion cha&es from i o n i c  i n  t h e  6 l u t i o n s  f i l l i n g  t h e  
4 

i n t e r s t i c e s  of t h e  rock  t o  e l e c t r o n i c  i n  t h e  rqetall$ 
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i n  t he  rock. 

The blocking ac t ion  o r  induced polar iza t ion  mentioned 

above, which depends upon t h e  chemical energies  necessary t o  allow 

the ions t o  give up or receive e lec t rons  from t h e  me ta l l i c  surface,  

increases wi th  the  time t h a t  a d.c. current  i s  allowed t o  flow through 

the  rock; i.e. a s  ions p i l e  up against  t he  me ta l l i c  i n t e r f ace  the  

res i s tance  t o  current flow increases.  Eventually, there  i s  enough 

polar iza t ion  i n  the  form of excess Ions a t  the  in t e r f aces ,  t o  appreciably 

reduce the  amount of current  flow through t h e  me ta l l i c  p a r t i c l e .  This 

po lar iza t ion  takes  place a t  each of t he  i n f i n i t e  number of solution-metal 

i n t e r f aces  i n  a mineralized rock. 

When the d.c. vol tage used t o  c r e a t e  t h i s  d.c. current  

flow is cut o f f ,  t he  Coulomb forces  between the  charged ions forming 

the  polar iza t ion  cause them t o  r e tu rn  t o  t h e i r  normal posi t ion.  

movement of charge c rea t e s  a small current  flow which can be 

measured on t h e  surface of t he  ground a s  a decaying po ten t i a l  d i f fe rence  

This 

From an a l t e r n a t e  viewpoint i t  can be seen t h a t  i f  t he  

d i r ec t ion  of t he  current through t h e  system is  reversed repeatedly 

before t h e  polar iza t ion  occurs, t he  e f f e c t i v e  r e s i s t i v i t y  of t h e  sys tem 

a s  a whole w i l l  change a s  the  frequency of t he  switching is changed. 

This i s  a consequence of t he  f a c t  t ha t  the amount of current  flowing 

through each meta l l ic  i n t e r f a c e  depends upon t h e  length of time tha t  

current has been passing through i t  i n  one d i rec t ion .  
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The values of t he  per cent frequency e f f e c t  or F.E. a r e  

a measurement of the polar iza t ion  i n  t h e  rock mass. However, s ince  

the measurement of t he  degree of po lar iza t ion  is r e l a t ed  t o  t h e  apparent 

r e s i s t i v i t y  of t he  rock mass i t  i s  found t h a t  t h e  metal f a c t o r  values or 

M.F. a r e  t h e  most useful  values i n  determining t h e  amount of 

po lar iza t ion  present i n  t h e  rock mass. 

normalizing the  F.E. values f o r  varying r e s i s t i v i t i e s .  

The MF values are obtained by 

The induced polar iza t ion  measurement i s  perhaps the  most 

powerful geophysical method f o r  t he  d i r e c t  de tec t ion  of meta l l ic  

sulphide mineral izat ion,  even when t h i s  mineral izat ion is of very 

low concentration. The lower l i m i t  of volume per cent sulphide 

necessary t o  produce a recognizable I P  anomaly w i l l  vary with t h e  

geometry and geologic environment of t h e  source. and the  method of 

executing t h e  survey. However, sulphide mineral izat ion of less than 

one per cent  by volume has been detected by t h e  I P  method under 

proper geological conditions. 

The grea tes t  appl icat ion of t he  IP method has been i n  t h e  

search f o r  disseminated meta l l ic  sulphides of less than 20% by volume. 

However, it has a l s o  been used successfu l ly  i n  t h e  search for massive 

sulphides i n  s i t ua t ions  where, due t o  source geometry, depth of source, 

or low r e s i s t i v i t y  of surface l aye r ,  t he  EM method cannot be successful ly  

applied.  The a b i l i t y  t o  d i f f e r e n t i a t e  ion ic  conductors, such a s  water 

f i l l e d  shear  zones, makes the  I P  method a useful  t o o l  i n  checking EN 
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anomalies which a r e  suspected of being due t o  these causes. 

I n  normal f i e l d  appl ica t ions  the  I P  method does not 

d i f f e r e n t i a t e  between the  economically important meta l l ic  minerals 

such as chalcopyri te ,  chalcoci te ,  molybdenite, galena, e t c . ,  and the 

other  me ta l l i c  minerals such a s  py r i t e .  The induced polar iza t ion  e f f e c t  

i s  due t o  t h e  t o t a l  of a l l  e l ec t ron ic  conducting minerals i n  t h e  rock mass. 

Other e l e c t r o n i c  conducting materials which can produce an I P  response 

a r e  magnetite,  pyro lus i te ,  g raphi te ,  and some forms of hematite. 

I n  the  f i e l d  procedure, measurements on t he  surface a r e  

made i n  a way t h a t  allows t h e  e f f e c t s  of l a t e r a l  changes i n  the  proper t ies  

of t h e  ground t o  be separated from t h e  e f f e c t s  of v e r t i c a l  changes i n ' t h e  

propert ies .  

(X) apar t .  The po ten t i a l s  a r e  measured a t  t w o  poin ts  (X) f e e t  

apar t ,  i n  l i n e  w i t h  t h e  current  e lec t rodes  is an in t ege r  number (n) t imes 

the  bas i c  d i s t ance  (X). 

Current is applied t o  t h e  ground at  two poin ts  i n  dis tance 

The measurements a r e  made along a surveyed l i n e ,  with 

a constant d i s tance  (nX) betwen t h e  nearest  current  and po ten t i a l  

e lectrodes.  I n  most surveys, severa l  t r ave r ses  a r e  made with various 

values of (n);  i . e .  (n) = 1 . 2 . 3 . 4 ,  e t c .  The kind of su rvey  required 

(de ta i led  or reconnaissance) decides the  number of values of (n) used. 

In p lo t t i ng  the  resul ts ,  t h e  values  of apparent r e s i s t i v i t y ,  

apparent per  cent frequency e f f e c t ,  and the  apparent metal f ac to r  
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measured f o r  each set of e l e c t r o d e  p o s i t i o n s  a r e  p l o t t e d  a t  t h e  

i n t e r s e c t i o n  of g r i d  l i n e s ,  one from t h e  center  po in t  of t h e  c u r r e n t  

e l e c t r o d e s  and t h e  o t h e r  from t h e  c e n t e r  p o i n t  of t h e  p o t e n t i a l  e l e c t r o d e s .  

(See F i g u r e  A.) 

p r o f i l e ,  above t h e  metal f a c t o r  v a l u e s .  On a t h i r d  l i n e ,  below t h e  me ta l  

f a c t o r  values, are p l o t t e d  t h e  v a l u e s  of t h e  pe rcen t  f requency e f f e c t .  The 

la teral  d isp lacement  of a g iven  v a l u e  is  determined by t h e  l o c a t i o n  a long  

t h e  survey  l i n e  of t h e  c e n t e r  p o i n t  between t h e  c u r r e n t  and p o t e n t i a l  

e l e c t r o d e s .  The d i s t a n c e  of t h e  v a l u e  from t h e  l i n e  is determined by t h e  

d i s t a n c e  (nX) between t h e  c u r r e n t  and p o t e n t i a l  e l e c t r o d e s  when t h e  

measurement w a s  made. 

The r e s i s t i v i t y  v a l u e s  are p l o t t e d  a t  t h e  t o p  of t h e  d a t a  

The s e p a r a t i o n  between sende r  and r e c e i v e r  e l e c t r o d e s  is 

on ly  one f a c t o r  which de termines  t h e  dep th  t o  which t h e  ground is be ing  

sampled in any p a r t i c u l a r  measurement. The p l o t s  t h e n ,  when contoured,  

are no t  s e c t i o n  maps of t h e  e l e c t r i c a l  p r o p e r t i e s  o f  t h e  ground under 

t h e  su rvey  l i n e .  

must be carried ou t  u s ing  t h e  combined expe r i ence  gained from f i e l d  

r e s u l t s ,  model s tudy  r e s u l t s  and t h e  t h e o r e t i c a l  i n v e s t i g a t i o n s .  The 

p o s i t i o n  o f  t h e  e l e c t r o d e s  when anomalous v a l u e s  are measured is 

important  i n  t h e  i n t e r p r e t a t i o n .  

The i n t e r p r e t a t i o n  of t h e  r e s u l t s  from any given survey  

I n  t h e  f i e l d  procedure ,  t h e  i n t e r v a l  ove r  which t h e  p o t e n t i a l  

d i f f e r e n c e s  a r e  measured i s  t h e  same as t h e  i n t e r v a l  over which t h e  

e l e c t r o d e s  are moved a f t e r  a series of p o t e n t i a l  r ead ings  h a s  been made. 
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One of the advantages of t he  induced polar iza t ion  method i s  t h a t  t he  

same equipment can be used f o r  both de ta i led  and reconnaissance surveys 

merely by changing t h e  dis tance (X) over which the electrodes are moved 

each time. 

t o  2000 f e e t  f o r  (X).  I n  each case,  t h e  decis ion as t o  t h e  d is tance  (X) 

and the  values  of (n) t o  be used i s  l a rge ly  determined by t h e  expected 

s i ze  of t he  mineral deposit  being sought, t he  s i z e  of t h e  expected anomaly 

and the  speed w i t h  which it is  desired t o  progress. 

I n  t h e  pas t ,  i n t e r v a l s  have been used ranging from 25 f e e t  

The diagram i n  Figure A demonstrates t he  method used 

i n  p l o t t i n g  the  r e s u l t s .  

metal f a c t o r ,  and apparent per cent frequency e f f e c t  is p lo t t ed  and 

iden t i f i ed  by the pos i t ion  of t h e  four e lectrodes when t h e  measurement 

w a s  made. It can be seen t h a t  t he  values measured f o r  t he  l a r g e r  values  

of (n) a r e  p lo t t ed  f a r t h e r  from t h e  l i n e  ind ica t ing  t h a t  the thickness  of 

t h e  layer  of t h e  ea r th  tha t  i s  being t e s t ed  i s  g rea t e r  than f o r  t he  smaller 

values of (n) ;  i.e. the depth of t h e  measurement i s  increased. 

Each value of t h e  apparent r e s i s t i v i t y ,  apparent 

The I P  measurement i s  bas i ca l ly  obtained by measuring t h e  

d i f fe rence  i n  poten t ia l  o r  vol tage (AV)obtained a t  two operating 

frequencies.  The vol tage i s  t h e  product of the current through the  ground 

and the apparent r e s i s t i v i t y  of t h e  ground. Therefore i n  f i e l d  s i t u a t i o n s  

where the  current  i s  very low due t o  poor e lectrode contact ,  or  t he  

apparent r e s i s t i v i t y  is very low, or a combination of t he  two e f f e c t s ;  t h e  

value of ( A V ) t h e  change i n  po ten t i a l  w i l l  be too s m a l l  t o  be measurable. 

The symbol "TL." on the  da ta  p l o t s  i nd ica t e s  t h i s  s i t ua t ion .  
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I n  some s i tua t ions  spurious noise ,  e i t h e r  man made o r  na tura l ,  

w i l l  render i t  impossible t o  obtain a reading. 

data  p lo t s  ind ica tes  a s t a t i o n  a t  which i t  i s  too noisy t o  record a reading. 

I f  a reading can be obtained, but f o r  reasons of noise  there  is some doubt 

as t o  i t s  accuracy, the reading i s  bracketed i n  the  da ta  p lo t  ( ). 

The symbol "N" on t h e  

I n  ce r t a in  s i t u a t i o n s  negative values of Apparent Frequency 

Effect  a r e  recorded. 

spurious e l e c t r i c a l  e f f e c t s .  The ac tua l  negative frequency e f f e c t  value 

recorded i s  indicated on t h e  data  p l o t ,  however, t he  symbol "NEG" i s  

indicated f o r  t h e  corresponding value of Apparent Metal Factor. 

This may be due t o  t h e  geologic environment or 

I n  

contouring negative values t h e  contour l i n e s  a r e  indicated t o  t h e  nearest  

pos i t ive  va lue  i n  t he  immediate v i c i n i t y  of t he  negative value. 

The symbol "NR" i nd ica t e s  that for some reason the  operator 

did not attempt t o  record a reading although normal survey procedures 

would suggest t ha t  one was r e q u i r e d .  

topography or other  s imi la r  reasons. Any symbol other  than those 

discussed above is unique to a p a r t i c u l a r  s i t u a t i o n  and is described within 

This may be due t o  inaccessible  

the body of t h e  report .  

PHOENIX GEOPHYSICS LIMITED. 



M E T H O D  U S E D  IN P L O T T I N G  D I P O L E -  DIPOLE 

I N D U C E D  POLA R I Z  AT 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 J 
I 2 3 4 5 6 7 8 9 

Stot lons  on line x = Eleclrode spreod lenglh 
n = Electrode seporolion 

P P P P P P 
n - l  1.2- 3.4 23-4.5 3.4-5.6 4.5-67 56-7,8 6,7-8,9 

P P P P P . '  
n - 2  1.2-4.5 2.3-5.6 3.4-6.7 4.5-7.8 5.6-8.9 Apporent Resislivily 

P P P P 

P P P 
1.2-6.7 2.3-7.e 3.4-8.9 

n - 3  1.2-5.6 23-6.7 3,4-7,8 43-8.9 

n - 4  

n - l  1.2-3.4 2 3 - 4 3  3.4-5.6 43-41 5.6-78 67-8,s 

n - 2  12-4.5 23-5.6 3.4-6.7 4.5-7'8 5.6-8,s 
M.F: M.F. - HE-. M.F. M.E 

M X  M.F M.F. M.F 
n - 3  1,2-5.6 23-6.7 3.4-7.8 4.5-8.9 Apporent M e t o l  Foclor  

M.F. M.F. M.F. 
1.2-6.7 2.3-7.8 3.4-8.9 n - 4  

I 
I 

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,e 5.6-8.9 
F.E. .F.C F.E. F.E. 

n - 2  

n - 3  1,2-5,6 2,3-6,7 3.4-7.8 43-8.9 Apparent Percent 
F.E. F. E. F.E. Frequency Effect 

1.2-6.7 2.3-7.8 3.4-8.9 
n - 4  

F i g .  A 
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K E R R ,  DAWSON & ASSOCIATES L T D .  

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

An Induced P o l a r i z a t i o n  and R e s i s t i v i t y  survey has  been completed 

on t h e  DL c la im group f o r  Kerr, Dawson and Assoc ia tes .  Ltd.  

The p rope r ty  i s  s i t u a t e d  i n  t h e  Cors ica  Lake Area, Kamloops Mining 

Div is ion ,  a t  approximately 51'48' nor th  l a t i t u d e  and 120°28' w e s t  longi tude .  

(F ig .1) .  Access is v i a  road from Clearwater ,  B . C .  

P rev ious  geo log ica l  and geochemical p rospec t ing  on t h e  DL p rope r ty  

has d iscovered  occurrences  of molybdenite. Also,  Induced P o l a r i z a t i o n  

anomalies a r e  known t o  have been discovered co inc iden t  w i th  molybdenum 

geochemical anomalies,  a t  l e a s t  on t h e  DL c la im # I .  

The presen t  survey was undertaken t o  d e l i n e a t e  IP  and R e s i s t i v i t y  

anomalies which may i n d i c a t e  t h e  presence  of m e t a l l i c  m i n e r a l i z a t i o n .  Dipole- 

d i p o l e  a r r a y  w a s  employed us ing  a b a s i c  i n t e r - e l e c t r o d e  spac ing  o f  100 meters ,  
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and reading  t o  four  s e p a r a t i o n s  (n = 4) .  A Phoenix Model IPV-1 r e c e i v e r  

and Phoenix Model IPT-1 t r a n s m i t t e r  ope ra t ing  a t  f r equenc ie s  of 5 .0  and 

0 . 3  Hz. were used. 

The survey w a s  completed du r ing  October 1980. The geophysical  

crew l e a d e r  f o r  t h i s  survey was M r .  P. Gardner. 

2. DESCRIPTION O F  C L A I M S  

The DL claim group is comprised of t h r e e  a d j o i n i n g  c la im b locks ,  

DL # l ,  DL #2 and DL #3, as seen  on Figure  2 .  

The record  numbers are as fo l lows:  

DL #1 Record No. 1763 

DL #Z Record No. 2607 

DL 113 Record No. 2608 

20 u n i t s  

20 u n i t s  

20 u n i t s  

3. PRESENTATION OF RESULTS 

The fol lowing pseudo-section p l o t s  of t h e  f i e l d  d a t a  a r e  included 

wi th  t h i s  r e p o r t .  

Line 

5w 

1 ow 
15W 

20w 

30W 

40W 

4 6W 

SOW 

60W 

Elec t rode  I n t e r v a l  

100 meters  

100 meters  

100 meters  

100 meters  

100 meters  

100 meters 

100 meters  

100 meters  

100 meters  

Dwg. No. 

I P  5253-1 

IP  5253-2 

I P  5253-3 

I P  5253-4 

IP  5253-5 

I P  5253-6 

I P  5253-7 

I P  5253-8 

IP  5253-9 
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Also inc luded  wi th  t h i s  r e p o r t  i s  Dwg. yo. I.P.P. 3093, a p l a n  

map of t h e  DL claims g r i d  a t  a s c a l e  of 1:10,000. On t h i s  p l a n  map, as w e l l  

as on t h e  pseudo-section p l o t s ,  t h e  Induced P o l a r i z a t i o n  and R e s i s t i v i t y  

anomalies are i n d i c a t e d  by ba r s  i n  t h e  manner shown i n  t h e  legend. These 

ba r s  r ep resen t  t h e  s u r f a c e  p r o j e c t i o n  of t h e  anomalous zones as in ' t e rp re t ed  

from t h e  l o c a t i o n  of t h e  t r a n s m i t t e r  and r e c e i v e r  e l ec tvodes  when t h e  

anomalous va lues  were measured. 

The g r i d  informat ion  shown on Dwg. No. I.P.P.3093 has been taken 

from maps made a v a i l a b l e  by t h e  s t a f f  of K e r r ,  Dawson and 'Assoc ia t e s  Ltd.  

4 .  DISCUSSION OF RESULTS 

A number of weak t o  moderate s t r e n g t h  Induced P o l a r i z a t i o n  

anomalies are evident  on t h e  d a t a .  I n  a d d i t i o n ,  one s t r o n g  I P  anomaly has  

been i n d i c a t e d  on Line 60W centered  a t  s t a t i o n  3+50N. It must be  kep t  i n  

mind t h a t  t h e  s t r e n g t h  of  an IP  anomaly does n o t  n e c e s s a r i l y  c o r r e l a t e  

d i r e c t l y  t o  i t s  economic s i g n i f i c a n c e .  For example, economic minera ls  

such as s p h a l e r i t e  and molybdenite a r e  not  p o l a r i z a b l e .  However, i n  n e a r l y  

a l l  cases  t h e s e  types of d e p o s i t s  are a s s o c i a t e d  wi th  p o l a r i z a b l e  minera l i -  

z a t i o n  such  as p y r i t e .  

R e s i s t i v i t i e s  a r e  q u i t e  v a r i a b l e  i n  t h e  a r e a  of t h e  g r i d .  I P  

anomalies occur  w i t h i n  s e v e r a l  d i f f e r e n t  r e s i s t i v i t y  environments.  A 

number of cond i t ions  i n f l u e n c e  t h e  recorded r e s i s t i v i t i e s .  The more 

important  of t hese  a r e  rock type ,  a l t e r a t i o n ,  m e t a l l i c  minera l  con ten t ,  

depth and type  of s u r f i c i a l  cover .  

The c e n t e r s  of s e v e r a l  anomalous zones have a l s o  been marked 

on p lan  map Ikyg. No. I.P.P. 3093. I t  i s  most probable  t h a t  t h e s e  zones 
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a r e  not  as continuous as i n d i c a t e d ,  however w i t h  such widely spaced survey 

l i n e s  they a r e  a b e s t  f i r s t  approximation. The marked anomalous zones 

s t r i k e  i n  a b a s i c a l l y  east-west d i r e c t i o n .  The depth t o  t h e  top  of t h e  

sources  f o r  a l l  t h e  anomalies ,  i n c l u d i n g  those  n o t  zoned, is i n t e r p r e t e d  

t o  be less than  100 meters  ( i . e .  one d i p o l e  spac ing) .  Without a d d i t i o n a l  

in format ion  no more can be s a i d  about  t h e  p o s s i b l e  zoning. 

5. SUMMARY A N D  RECOMMENDATIONS 

Induced P o l a r i z a t i o n  anomalies were found on a l l  l i n e s  surveyed 

over  t h e  DL c la im group. 

An a t tempt  has  been made t o  p l a c e  most of t h e  anomalies i n t o  

p o s s i b l e  zones. The t rend  of  t h e s e  zones i s  b a s i c a l l y  east-west. 

The zoning of t h e  I P  anomalies is very t e n t a t i v e  because of t h e  

long d i s t a n c e  between survey l i n e s .  I n f i l l  l i n e s  should be  p u t  i n  and 

surveyed u s i n g  100 meter d i p o l e  spac ing  s o  t h a t  t h e  e x t e n t  and p o s s i b l e  

s i g n i f i c a n c e  of  t h e  anomalies can be  determined. S p e c i f i c a l l y ,  t h e  

anomalies on t h e  wes tern  s i d e  of t h e  g r i d  are t h e  most i n t e r e s t i n g  and 

should be  given f i r s t  p r i o r i t y .  I n f i l l  l i n e s  a t  250 meter i n t e r v a l s  between 

Line 60W and Line 50W a r e  recommended. Also,  if a t  a l l  p o s s i b l e ,  t h e  g r i d  

should  be extended t o  t h e  w e s t  i n  o rde r  t o  d e l i n e a t e  t h e  anomalous t r end .  

The p r e s e n t  geophysical  in format ion  should  be i n t e g r a t e d  wi th  any 

geo log ica l  and geochemical d a t a  a v a i l a b l e .  I n  r eg ions  of  favourable  geology 

or co inc iden t  I P  and geochemical anomalies f u r t h e r  work i s  recommended. 

Addi t iona l  l i n e s  surveyed should be no more than 250 meters  from previous ly  

surveyed l i n e s .  



Paul A. Car twr igh t ,  B.Sc. 
Geophysicist 

Dated: February 18, 1981 
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STATEMENT OF COST 

Kerr-Dawson & Associa tes  Ltd.  - I P  R e s i s t i v i t y  Survey 
DL Claims - Clearwater ,  B.C.  

PERIOD: October 5 - 18, 1980 

CREW: P. Gardner - M. Cornet t  

11 Opera t ing  days @ $590.00/day 
2 Organiza t ion  @ $225.00/day 

EXPENSES : 

Meals 6 Accomodation $286.33 
Misc. Supp l i e s  23.29 
Telephone 25.00 

$6,490.00 
450.00 

$334.62 
+ 15% 50.19 

384.81 
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$7,a24.81 
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