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P O L A R I Z A T I O N  S O U N D I N G  M E T H O D
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A b s tra c t .The higher resolution, greater investigating depth, increasing reliability of ge­
ology forecasting results and possibility of expanding the application of the improved 
symmetric induced polarization sounding method have been illustrated by theoretical and 
field medium are the advantages of the new proposals presented in this article.

I. In tro d u c tio n

III the article [2], the our new  proposals, esp ecia lly  th e P etrovsk i induced  polar­
ization  (IP) param eter r/p, have been  introduced for d a ta  p rocessin g  in the induced p o­
larization sounding m ethod; as a result, their advantages in com parison  to  the previous  
conventional param eters have been  illustrated  by ca lcu la tin g  for th e theoretica l m edium . 
However, the Petrovski transform ing form ula conta ins derivation  w hich  is not stab le, so  
desired resu lts are not. alw ays ob tained . W ith  purpose to  overcom e th ese  d isadvantages, 
w e have proposed th e  im proved sym m etric  electrode array and th e corresponding m easure­
m ent procedure, th e  sim ple algebraic transform ations (w ith ou t the derivation) to  apply  
to  the resistively  sounding m eth od  [ l] . T hose im proved sym m etric  e lectrod e array and  
transform ations are o f  scientific arid practical significance. B asin g  on  th ose  researches, we 
also have proposed the im proved sym m etric IP sound ing m eth od  (ISIP S ) and it h as  been  
tested  effectively as the article [3].

In th is article, we will illu stra te  the correctness and ad van tages o f  th e  new proposals  
in  the ISIPS by theoretical and practical m edium ; p roposing  p ossib ility  o f expanding and  
achieve b etter  geological effective o f  the new  proposals to  th e ap p lica tion  o f  the ISIP S in  
fact for d ata  processing ob ta in ed  by using the previous conventional IP  sounding m ethod .

I I . B asics o f  th e  new  p ro p o sa ls  in  th e  im p ro v ed  sy m m e tr ic  in d u c e d  p o la r iz a tio n  
so u n d in g  m e th o d

I I . 1 T he  n e w  in d u ced  p o la r iza tio n  p a ra m e te rs

As known , t he apparent polarization  is ca lcu la ted  by th e fo llow ing formula:

Vk = p*k- Pk/Pkt  ( ! )

where pị  and pk are the apparent resistiv ities o f the polarized  and non- polarized  m edium , 
respectively, corresponding to  the resistiv ity  param eters pi  and Pi w hich  are related  by: 
p* =  Pi / ( I  — r/i) w here i is th e  m edium  m odel index.

T ypese t  by
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B asing  on the above defin itions, we have also defin ite the new  IP  param eters [2] 
sim ilarly:

- T he p o larization  o f  th e sym m etric  Induced Polarization  sound ing m ethod: rj9.
- T h e polarization  o f  th e  (lipole-axis Induced Polarization  sounding m ethod: r)r .
- T h e  P etrovsk i polarization: Tjp

I I .  2  T h e  n e w  tr a n s fo r m a tio n s

A ccording to  [3], the im proved  sym m etric  Induced Polarization  sounding electrod e  
array is a llocated  as the follow ing:

m 2 m , a  b  n , n ,

— ------------ • ------------- • ---------------------- ♦ -------------------♦ --------------------- • ----------------• --------------------

where, w ith  one cu rrent-electrode separation  A B , from  the m easurem ent we m ay ob tain  

Psi(r i)> Vsi(r \)  and  Ps2(r 2)> Vs2(r 2), corresponding to  rj and r2. In such a way 4  curve 
Pi\ , Pi2 a n d  TỊS\ , ri„ 2  a re  o b ta in e d .

T hen:
 ̂ LS (  /0\

a M S - f r J '  (2)
where psr - the dipole-axis resistively sounding curve obtained by transforming from  th(! 
sy m m etric  resistively  sound ing  curve  p a.

T h e values o f  P etrovsk i resistive ly  sounding curve ppar are ca lcu lated  by the follow ­

ing formula:

Ppsr =  p j ( 2 p sr/ p a -  1). (3)

T h en  a ll the necessary in form ation  w ill be ca lcu lated  according to  th e  sch em a shown  

on figure 1.

Figure 1. Schem a calcu lating..param eters by using ISIP S array
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I I I .  C h eck in g  th e  m u tu a l p rin c ip le

W e have m easured and ca lcu lated  experim entally  th e m u tua l princip le on the field  
m ediïiun. Below w e present on ly th e exam p le result in  Tan D an - H oanh B o - Q uang N inh.

Figure 2 show s the apparent resistively  curves prstr (rorstr) p ractica lly  m easured by 
th e  im proved  sym m etric sounding array MA BN , Prsng (rorsng) p ractica lly  m easured by the  
im p roved  sym m etric sounding array A M N B  and the corresponding P etrovski resistively  
so u n d in g  curves.

F igure 3 show s the Petrovski resistively  curves ỌyrstT (roprstr) for array MA B N  and  
Pprsng (roprsng) for array AM N B; the Petrovski resistively  curves Pprsxd (roprsxd) derived  
from  the transform ation o f th e values Pr practically  m easured  by th e IDA IP S  array and  
ơ n e  va lue Prjxd(rmax) m easured by the equatorial d ipole array at final size  p max o f  the  
ID A IP S  array.

ị : ; i .
—  ro r s *

—  ro rsrç j

; ; . Î  . i  . —  ro p rs tr

. . . .  ; - i - . i . . —  fc p re n g

10*1-------  — *------ — - *•-------- — -—  -----~.-iU
10° to’ 1Ơ*

Figure 2. C urves p rstr (rorstr), p rsng (rorsng) 

and  corresponding Petrovski curves

W e realize th at curves are fitted . T h is proves th a t th e m u tual princip le is right for 
all the arrays, the electrode spacing, the m easurem ents as w ell as th e  transform ations th a t  
have b een  used to  confirm  the m ethod.

IV . C o n firm in g  th e  c o rre c tn e ss  a n d  a d v a n ta g e s  o f  th e  new  p ro p o sa ls  

I V .  1 Calculating values o f  the polarization sounding curves

★  The threc-laycred g CO-electrical model

B y  sim u lation  m eth od  in PC , w e have built the program s o f  calfculating th e polar­
ization  sound ing curves on layered g eo e lec tr ica l m od els  for different electrod e array by 
M atlab language. Wo only give a specific exam ple o f  the three-layered  geo-electrica l m odel 
as follow ing: pi =  [14.51]; TỊi =  [241); h x =  [15]; w ith  i =  1 , 2 , 3

F igu re  4 show s the theoretica l ID A IP S curve Tịr (etar) and th e  curve corresponding  
to  the ID A IP S  curves 7]sr (etasr) ob ta in ed  by transform ation.



Figure 5 shows the theoretical Petrovski curve T)p (etap) and th e Petrovski curve  
vpsr (etapsr) obtained  by transform ation.
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Figure 4. T he th eo retica l cu rve rjr (etar) an d  Figure 5. The theoretical curve 7]p (etap) 

cu rve ĨỊsr (e ta sr) ob ta in ed  by tran sform ation  and (etapsr) obtained by transformation

★  The field medium

T h e testin g  calcu lations have been perform ed in Tan D an - H oanh Bo - Quang N in h  
and D aksong - G ia Lai. Below  we only  present the exam ple curves m easured  at point 22 
of the  profile S l l  in  D aksong - G ia  Lai.

F igure 6 shows curve 7]r (e ta r) p rac tica lly  m easured by th e  ID A IP S  array; the  
ID A IPS curves 7]sr (etasr) and r]p3r (etapsr) obtained by transform ation o f  carves p8) TỊa 
practically m easured by the ISIP S array and par.

Figure 6. T h e practica l curve 7]r (etar) and  
cu rve 7/irx(eta sr), 7J (etap sr) ob ta in ed  by tran sform ation

In com paring, practical m easured curves and corresponding curves obtained by 
transform ation are nearly fitted , on ly the values at som e final sizes is  not th e  sam e. T his  
proves the correctness o f the algebraic transform ations m entioned above. Besides, Petro- 
vski curve also has reflected clearly resolution ab ility  - that is its  advantages.

I V .2 P rocessing  da ta  o n  the pro file

T h e new proposals have b een  applied in two directions:

1. P rocessing and analyzing data  ob ta in ed  previously by the norm al IP  sounding
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m ethod  in order to  exploit and add other useful inform ation in tw o ways:
4- In terpolating values o f  curves TỊk and pk ob tained  previously by the norm al IP  

sounding m ethod  to  values o f the im proved IP curves w ith  the corresponding sizes o f  
electrode spacing and coefficients.

-f Prom the sizes o f  norm al electrode array, calcu lating corresponding coefficients 
of the im proved electrode array.

2. Processing  and analyzing data obtained  by the ISIPS m ethod.
Below we present on ly  th e  resu lts o f  applying the new proposals to  exploit data  

obtained previously by the norm al SIPS m ethod  on profile 20 in Song G iang - Q uang  
Nam , which were m easured by U nion  o f Physic-G eology in 1999.

★  The results o f processing and analyzing data obtained previously by the normal 
SIPS method on profile 20 (see figures 7, 8 )

•  Line 20 w as form ed in th e N ortheast - Southw est direction perpendicularly to  the 
folding structure w ith  N orthw est - Southeast direction in the Southeast o f G iang River.

Figure 7. Contour section Tị on the  profile 20 (%)
(S o u rce : U n ion  o f  P hysic-G eo logy)

•  A long the profile, the follow ing m ain  geological form ations are identified:
-f Ben giang - Q ue son m agm a com plex:

G E O L O G I C A L  S E C T I O N
IN GIANG RIVEK QUANG NAM

0 2 0 0  4 0 0  6 0 0  8 0 0  1 0 0 0  1 2 0 0

Figure 8 : Geological section of the profile 20 
(S o u rc e : U n io n  o f  P hysic-G eo logy)
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M ain com ponents: granodiorite, b io tite  hornblende, and toran ite  biot.te h orn ­
blende. Specific physical features are resistiv ity  w ith  p =  2, 000 — 3 ,0 0 0  ohm s.m  p o ­
larization 7/fc =  3 — 5%

D irections:
1 . G ranodiorite o f  B en  G iang - Q ue son com plex, phase 2;
2. Schist o f K ham  due form ation, layer 3;
3. Schist o f K ham  D ue form ation, layer 2;
4- A ltered zones;
5. Faults;
6 . Vents o f  gold-sulfuric quartz.
+  T he m etarnorphic sedim entary rocks o f K ham  D ue form ation  consist of:
- U pper layer: b io tite  - granite quartz shale, m ica quartz, and plagioelase - bi- 

otite quartz. Specific physical features are resistivity with p =  1,000 — 2,000 ohms.m, 
polarization w ith  T]k =  2 — 4%.

- Lower layer: B im ica gneis, bim ica quartz, b io tite  gneis, sch ist, and  biotite quartz. 
Specific physical features are resistiv ity  w ith  p =  500 -  1 ,000  ohm s.m , stim ulated  polar­
ization w ith  7]k =  2 — 4%.

M etam orphic sedim entary form ations were strongly  folded and divided by deep  
fau lts perpendicularly w ith  the surveyed profile. A long th e faults, rocks are strongly  
destroyed and  in filtra ted  by sulfuric ores. D estroyed zone h as  sm all res is tiv ity  p  =  200—500 
ohm s.m  and high polarization  T]k =  3 — 5%.

Gold bearing p o lym eta l surphide - quartz zones have the resistiv ity  relevant to  
altered zones and high polarization  rjk =  5 — 10%.

•  T h e aim  o f  the IP  som iding m ethod  is to  solve the follow ing tasks:
+  To stud y  folded structures along the surveyed profile;
4- To define gold bearing surphide - quartz zones.

★  The results o f applying the new proposals to exploit data

W ith  applying the new  proposals to  exp loit data  ob ta in ed  previously  by the normal 
SIPS m ethod  on profile 20 in Song G iang - Q uang N am  then contour sections o f  polar­
ization  have been ca lcu lated  and reported. Below w e on ly  present, the exam ple contoiư  
sections T)sr and Tjpsr on  figures 9, 10.

Figure 9. C ontour sectio n  7]sr (%)
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Figure 10. Contour section 77pnxd (%)

The results of applying the new proposals in the ISIPS to exploit da ta  obtained on 
profile 20 in Song G iang - Q uang N am  can be seen that:

-f Detail division of geological components in the section;
- M agm atic granodiorite form ation is characterized by resistiv ity  2,000 - 3,000  

ohm s.m , polarization  4 - 5%;
- M etam orphic sedim entary rocks o f K ham  D ue form ations are characterized by 

resistiv ity  1,000 - '2,000 ohm s.m , polarization  3 - 5%.
+  T h e broken zone, d estn ic ted  along the fau lts is d early  defined. T his zone is 

characterized by low resistiv ity  ‘200 - 800 ohm s.m , polarization  6 - 8%; defining in more 
detail the gold bearing sur phi de - quartz zones w ith  the polarization  from 8 to  10%. 
T h e contour section  TỊpsr, severally, defined clearly and in detail the ven t bod ies w ith  the 
polarization from 8 to 10%.

We see clearly that applying the new proposals in the ISIPS to calculate the ap­
parent resistivity and polarization values perm its defining research objects in more detail 
and locating more clearly.

V . C o n c lu s io n s

1. For the first tim e, th e  Petrovski IP  param eters (especia lly  r/p) have been p ro ­
posed and their scientifically  theoretica l base bu ilt and advantages that they  exhib it higher 
reso lu tion  an d  g rea te r investiga ting  d ep th  th a n  th e  conventional p a ram ete rs  pki Vk  have 
been confirmed by us.

ã2. T h e new  proposals in the ISIPS have high scientific reliance, really usefulness, 
and scientific and practical significance. They eliminated the fundamental disadvantage 
that the transform ation between curves through the unstable derivation existed for a 
long time. One of the advantages of our proposal is only using the simple and reliable 
algebraic formulas to  transform curves. Creating algorithms of processing and analyzing 
the data using the new proposals in the ISIPS basing on selecting reliable information 
with comprehensiveness. They also have made the geology forecasting results clearer and



20 V u  D u c  M i n h

more reliable, reflected th e nearly real IP effect o f stud y  ob jects, increased  resolution  o f  
weak anom alies. All o f those have illustrated  the d istinguished advantages of the new  
proposals.

3. E xpanding and increasing possib ility  o f the application  o f  IP  sounding m eth od , 
not on ly for new  m easurem ent project, but also for exp loiting and adding other useful 
inform ation to  support the processing and analyzing old  obtained previous IP  data. T h is  
is quite a new problem  and very necessary for the IP  sounding m ethod .

We continue to  develop and com plete th is direction  o f processing and analyzing the  
IP sounding d ata  basing on  exp lo itin g  the above new proposals have m ade by the author, 
as well as continue to  develop th is  new  direction for 2D  - 3D  algorithm s.
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