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INDUCED POLARIZATION (IP) ANOMALY IN THE
BROADLANDS GEOTHERMAL FIELD

F. Risk

Geophysics Division, P.O. Box 1320,
1ington , New Zealand

An I P a n o m a l y , d i s c o v e r e d i n 1 9 7 3 d u r i n g
r e s i s t i v i t y s u r v e y i n g , ex is ts over a n a r e a of
a b o u t 300 m c o i n c i d i n g w i t h the r e s i s t i v i t y
b o u n d a r y  m a r k i n g  the s o u t h e r n e d g e o f the

B r o a d l a n d s g e o t h e r m a l f i e l d . D e t a i l e d I P ,

r e s i s t i v i t y and m a g n e t i c s u r v e y s over the s i te
r e v e a l u n u s u a l f i n e s t r u c t u r e i n the r e s i s t i v i t y
pattern and a s m a l l  m a g n e t i c  anomaly .

The c a u s e of the I P anomaly was i n v e s t i g a t e d
i n 1980 b y a 156 m d e e p d r i l l h o l e . Low resisti-
vi t ies (5 to 1 5 and t e m p e r a t u r e s of u p to

measured i n the l o w e r h a l f of the hole a r e
consistent w i t h the c o m p l e x s u r f a c e r e s i s t i v i t y
pattern. Downhole l o g g i n g r u n s c o n f i r m e d the

existence of the I P e f f e c t and f r o m measurements
on cores the m a i n I P zone was i d e n t i f i e d as a
l a y e r of sand l y i n g b e t w e e n 25 and 4 5 m d e e p .

d a t e , p e t r o l o g i c e x a m i n a t i o n of the cores h a s
not i d e n t i f i e d a n y m i n e r a l s that s e e m c a p a b l e of
c a u s i n g the I P effects. m e t a l l i c
s u l p h i d e s known to c a u s e s u c h  a n o m a l i e s  i n other
p l a c e s are a b s e n t . .

INTRODUCTION

Reconnaissance res is t iv i ty surveys i n the
early 1960s (Hatherton e t a l . 1966) which f i rs t
drew attention to the of the low .

r e s i s t i v i t y hot water reservoir within the
Broadlands geothermal f ie ld provided the induce-
ment for deep dr i l l i ng , further geophysical ,
geological and geochemical exploration and the
eventual decision to develop the f ie ld for
e l e c t r i c i t y generation.
up geophysical work several detailed res i s t iv i ty
surveys by Risk e t a l . 1977) were made
t o more accurately delineate the la tera l r e s i s t i -
vity boundary of the f ie ld .
(made in June 1973 and discussed by Risk,
interference attr ibuted t o the induced polariza-
tion (IP) e f fec t was noticed on several r e s i s t i -
vity records from the south of the f ie ld . I n
1975, the region surrounding the s i t e s of the IP
interference (see Fig. was explored in detail
w i t h close spaced res i s t iv i ty , I P and magnetic
surveys.
d r i l l ed i n November 1980 t o investigate the cause
of the I P anomaly. This paper summarises the
information gathered from the exploration pro-

up to September 1981.

As part of the follow-

I n one of these

A 156 m deep dr i l lhole was

RESISTIVITY MEASUREMENTS

I n addition to revealing the existence of the
IP effects the 1973 survey (Risk 1975, F i g . 4)
showed that the anomalous region straddles the
res i s t iv i ty boundary zone of the f i e ld and t h a t
w i t h i n the zone the apparent re s i s t iv i ty pattern
is more complex than the gradual transit ion from
low to high apparent res is t iv i ty observed over
other portions of the f i e ld ' s boundary. In a
l a t e r survey which mapped the ent i re  res is t iv i ty  
boundary of the f i e ld a complex apparent re s i s t i -
vity pattern was again found only within the I P
zone (Risk e t a l . 1977, Fig. l ines RE and R D ) .
In both of the e lec t r i c f ie ld
occurred a t secondary res is t iv i ty h i g h s and lows.
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F i g . 1: B r o a d l a n d s Geothermal F i e l d . H a t c h i n g
r e p r e s e n t s l a t e r a l r e s i s t i v i t y boundary z o n e
s e p a r a t i n g 2 to 5 rock f r o m 2 0 to 50

o u t s i d e . S q u a r e s a r e d e e p Km) d r i l l h o l e s .
A and B a r e the c u r r e n t  e l e c t r o d e  

sites.
d e t a i l .

R e c t a n g l e is the I P z o n e e x p l o r e d i n
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Fig. 2a shows contours of apparent r e s i s t i -
v i t y obta ined from a t h i r d survey made over the
I P zone i n November 1975 using cur ren t e lect rodes
A and B (Fig. 1) as the source b ipo le . A 25 m
long north-south or ien ted p o t e n t i a l d ipo le was
used t o measure apparent r e s i s t i v i t i e s a t the
p o s i t i o n s o f the dots on Fig. 2a. To the  nor th  
o f the topographic scarp (and throughout most of
the i n t e r i o r o f the f i e l d ) the apparent r e s i s t i -
v i t i e s a r e less than 5 To the south o f the
I P zone values grea te r than 20 t y p i c a l o f the
e x t e r i o r o f the f i e l d , occur. Nearly co inc id ing
w i t h the scarp i s a secondary apparent r e s i s t i v i t y
h igh w i t h values reaching about 20
50 m south o f the scarp there i s a secondary low
w i t h values down t o about 5 The l o c a t i o n o f
t h e secondary highs and lows are cons is ten t w i t h
those obta ined i n the e a r l i e r surveys.

About

INDUCED’ POLARISATION ( I P ) MEASUREMENTS

The cur ren t source used f o r these I P and
r e s i s t i v i t y measurements generated a waveform
shaped as an i n t e r r u p t e d square wave o f the type

used for t ime domain I P prospect ing
(Ber t i n and Loeb 1976). The I P e f fec t , when present,
manifests i t s e l f as a t r a n s i e n t superimposed on
the square wave e l e c t r i c f i e l d being measured by
the I P rece ive r . It usua l l y o r i g i n a t e s from
charge separat ion processes w i t h i n the rock and i s
o f t e n found i n rocks conta in ing disseminated metal
su l phides.

I P t rans ien ts were observed a t the s i t e s i n
Fig. 2b w i t h numbers alongside b u t the threshold
o f t r a n s i e n t de tec t ion was higher than would have
been des i rab le because o f background noise and
r a t h e r unsa t is f a c t o r y damping charac te r i stics o f
the a v a i l a b l e instruments. To avo id any
b i l i t y o f confusing I P t rans ien ts w i t h t rans ien ts
a r i s i n g from instrument damping, the  res idua l  

were read 6 seconds a f t e r disconnect ion
o f the  cu r ren t  ( o f pe r iod 60 s ) . I n I P prospect-
i n g such delays would be considered excessive and
o n l y very  s t rong I P t rans ien ts would be detectab le
w i t h t h i s measurement technique.

,

F ig. gives the magnitudes ( i n o f
the  res idua l  t rans ients , measured i n the 1973 and
1975 surveys. Recordings were made along the
f u l l l e n g t h o f each t raverse l i n e b u t s t rong
detectab le t rans ien ts were observed on ly near the
scarp.
more l i k e l y t o have masked p o s i t i v e ( i n the same
phase as the source waveform) t rans ien ts than
negat ive (opposi te  phase) ones i t i s l i k e l y t h a t
the zone o f p o s i t i v e t rans ien ts t o the south o f
the scarp i s more extensive than depic ted i n
Fig. 2b.

Since the damping e f f e c t s would have been

The region o f negative t rans ien ts coincides
w i t h the l o c a t i o n o f the secondary apparent
r e s i s t i v i t y highs i n F ig . and although the
data are few, p o s i t i v e t rans ien ts and secondary
apparent r e s i s t i v i t y lows seem t o coinc ide.
the e a r l i e r r e s i s t i v i t y surveys (Risk 1975, Risk
e t a l . 1977) i n which e l e c t r i c f i e l d azimuths had
been observed w i t h 2-component rece ive r dipoles,

From

i t was shown t h a t ant ic lockwise azimuth r o t a t i o n s
occurred over the secondary apparent r e s i s t i v i t y
highs and clockwise r o t a t i o n s over the lows.

MAGNETIC MEASUREMENTS

Tota l f i e l d magnetic measurements were made
a t  a l l  g r i d po in ts using a por tab le proton
magnetometer. Differences o f f i e l d st rength
between each s i t e and the base s t a t i o n , a f t e r
a l l o w i n g f o r d iu rna l  va r ia t i ons ,  a re  p l o t t e d i n
F ig .

South of the I P tone, the magnetic f i e l d i s ,
on average, about 80 grea te r than i n the nor th .  
Thus the I P zone seems t o separate two d i s t i n c t
magnetic zones each having a near l y constant
f i e l d . The abruptness o f the t r a n s i t i o n and the
f a c t t h a t smal ler gradients were observed i n
e a r l i e r reg ional magnetic surveys (Hochstein and
Hunt 1970) i n d i c a t e  t h a t  the source i s
seated, poss ib l y l y i n g w i t h i n a few hundred metres 
o f t h e surface. A l i k e l y explanat ion i s t h a t the
magnetic s u s c e p t i b i l i t y a t shal low depths t o the
south o f the I P anomaly i s g rea te r by about
3 SI u n i t s than t o the nor th .  I t i s
suggested t h a t the s u s c e p t i b i l i t y i n the n o r t h
may once have been s i m i l a r t o t h a t south o f the
I P zone b u t has been destroyed by prolonged

t o geothermal f l u i d s . This would imply
t h a t t h e I P zone marks the edge o f the f i e l d i n
agreement t o the i n t e r p r e t a t i o n o f the r e s i s t i v i t y
data.

INTERIM CONCLUSIONS AND CHOICE OF DRILLSITE

The geophysical exp lo ra t ion showed t h a t the
r a t h e r r a r e I P phenomenon occurs over a small area
s t r a d d l i n g the r e s i s t i v i t y boundary o f the f i e l d
a t a p lace where the boundary zone i s on ly about
100 t o 200 m wide, much narrower than commonly
observed i n geothermal f i e l d s . L i t t l e has been 
done i n exp io r ing f o r I P i n geothermal f i e l d s b u t
i t has been observed i n o ther New Zealand f i e l d s
and i n Yellowstone National Park (Zohdy e t a l .
1973) where i t was mostly a t t r i b u t e d t o the
presence o f d i ssemi nated t e mineral zation.
Such m i n e r a l i z a t i o n i s known t o e x i s t i n w e l l s a t
Broadlands p a r t i c u l a r l y i n BR16 ( t h e most south-
e a s t e r l y  w e l l  shown i n Fig. 1). I P anomalies
found dur ing mineral exp lo ra t ion i n non-geothermal
environments are also commonly caused by
disseminated metal l i k e p y r i t e ( B e r t i n
and Loeb 1976).

From the r e s i s t i v i t y data i t was reasoned
t h a t the low was the more diagnost ic o f the
secondary anomalies, and tak ing i n t o account the
separat ion o f about 50 m between secondary highs
and lows, i t was t e n t a t i v e l y concluded t h a t a con-
duc t i ve body l i e s a t a depth of 50 o r so below
the secondary r e s i s t i v i t y low. A body o f d is-
seminated sulph ide minera l i za t ion would be
expected t o be both conduct ive and cause I P
e f fec ts and t h i s seemed the l i k e l y cause o f the
anomalies.
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F i g . 2 S u r v e y s over area o u t l i n e d b y r e c t a n g l e i n F i g . 1. Hatch ing i s a 5 h i g h  s c a r p  a t the edge o f
a river t e r r a c e . S o l i d l ines a r e fences. S t a r  i n d i c a t e s  dr i l lhole BRM5 s i te .

I P r e s u l t s u s i n g i n t e r r u p t e d s q u a r e wave o f p e r i o d 60 s .

( a ) Contours of a p p a r e n t ( in

T r a n s i e n t  a m p l i t u d e s  were
measured 6 s a f t e r c u r r e n t was i n t e r r u p t e d .

to s t e a d y  v o l t a g e  d u r i n g "on" i n t e r v a l . No t r a n s i e n t s observed a t sites where no v a l u e
i s shown. S q u a r e s i n d i c a t e sites measured i n 1973, d o t s i n 1975.

Expressed i n a s r a t i o o f t r a n s i e n t

( c ) Magnet ic a n o m a l i e s ( i n

1980, permission was granted t o
d r i l l an exploratory hole to 150 m depth, the s i t e
shown in Fig. 2 was chosen. Along the east-west
bearing i t l i e s near the middle of the anomalous
zone and in the north-south direction i s about
10 m nor th of the centre of the secondary res i s t i -
vity low.

FINDINGS FROM THE D R I L L H O L E

The hole was dr i l led to 156 m w i t h
cores taken a t 12 levels. Stratigraphic core
examination (I.A. Nairn, personal communication,
1981) revealed. t h a t a l l cores are tuffs . Down
to 57 they were fa i r ly incompetent comprising 
poorly-sorted pumice-crystal sands and t s with
occasional occurrences of a black magnetic 
mineral, presumably magnetite. A t deeper levels
were found more competent cores of finer material
made up of d a r k grey fine pumice s i l t s and sands
w i t h occasional pebbles of s i l i c i f i e d mudstone
b u t l i t t l e magnetic material. Cores from the
bottom 10 m of hole were of interbedded very

poorly sorted pumice and crystal sands. Apar t
from being sl ight ly s i l i c i f i e d they appeared
unaltered even t h o u g h the bottom temperature i s
101°C (see F i g . 4 ) . Thus, visual examination
of the cores revealed no minerals 1i kely t o
explain the I P anomaly.

Plain casing was se t i n the hole t o 67 m.
While the lower p a r t of the hole was temporarily
uncased some electrical logging runs were made
by M.C. and P.H. Syms and myself using a single
downhole (current and potential) electrode
connected to separate current and potential
electrodes a t the surface. This arrangement has
poor resolving power. The resistance ( R ) , se l f
potential (SP) and IP parameters and PFE
measured (see F i g . tend t o reflect the
cumulative effects between the surface and the
downhole probe of the related rock properties
rather than those a t the position of the probe
i t s e l f . However relat ive changes can be
inferred. Variations of the R parameter suggest
that r e s i s t iv i ty  i s  lower than average from 75 to
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95 m depth and below about 125 m. The SP curve
mirrors the R log. The most important finding
was tha t the I P parameters have high values con-
firming tha t a strong source of I P exists some-
where near the hole.
IP levels w i t h depth implies that the IP effects
e i the r i s diminishing with depth or perhaps i s
concentrated a t a shallower depth t h a n the range
logged.

The sl ight drop-off of the
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m e n t . R - r e s i s t a n c e , d o t s r e p r e s e n t spot

m e a s u r e m e n t s (0.05 Hz) and s o l i d l i n e con-

t i n u o u s l o g ( 2 3 Hz) ; S P - s e l f p o t e n t i a l ;

- p a r a m e t e r a s for 2b b u t  w i t h  

p e r i o d of 20 and d e l a y of 1 s;
p e r c e n t a g e  f r e q u e n c y  e f f e c t I P p a r a m e t e r

o b t a i n e d f r o m the two R v a l u e s .

PFE -

Results o f laboratory measurements made on
cores and cuttings are shown i n Fig. 4. On cores
from above the 70 m level h i g h r e s i s t iv i t i e s to
75 were obtained comparable with the surface 
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measurements south o f the s i t e (shown in Fig.
Below 70 the res is t iv i ty drops to between 5 and
15 verifying the ea r l i e r prediction that a con-
ductive body l i e s beneath the s i t e although even
1ower res t i vi t i e s had been expected.

Very h i g h I P levels were obtained on two
cores from the 25 to 38 m depth interval while
lower values ( b u t above the background level) were
obtained for other depths. High IP values were
also measured on d r i l l cuttings from 40 to 50
depth b u t these data are considered unreliable
because of the likelihood of fa lse readings from
contamination or IP suppression from remanent
d r i l l i ng mud.
source l i e s a t about 25 t o 38 m depth.

I t was concluded t h a t the main IP

Core samples of gravel ly uncompacted sands
(.derived from rhyolite tephra) from this
depth range were subjected to a detailed petro-
logical examination by Dr C.P. Wood. He found
that they contained no sulphides such as pyrite or
pyrrhotite and t h a t the det r i ta l magnetite content
is less than 1%which seems typical of magnetite 
concentrations for such sediments i n the Taupo
region. Many minerals were identif ied
none t h a t are known to cause IP effects . The
material shows no sign of hydrothermal teration
b u t there are traces of hydrothermal clays which
appear be not i n equilibrium with each other
or w i t h fresh pumice glass present and are almost
certainly of det r i ta l origin.

T h u s , a t September 1981, no petrological
explanation for the IP effects has been
established. Four months a f t e r dr i l l ing , a f t e r
having almost dried out, the cores from 25 - 38 m
were remeasured and s t i l l had quite strong IP
effects. Further rechecking of the measurements
on the cores and of possible causes ( o r fa lse
indications) of IP will have to be made. 

CONCLUSIONS

A t present important questions concerning the
minerals causing the IP anomaly remain unanswered
b u t some conclusions can be made about other
aspects of the problem.

Low res i s t iv i t i e s in the bottom half of the
hole confirm the presence of a conductive body

the secondary res i s t iv i ty low i n F i g .
Since the temperatures exceed 100°C this body
seems to have a connection to the main part of the

d pass ing beneath the (presumably) colder
material causing the secondary res i s t iv i ty high.

Agreement was between the inferred 
positions of the edge of the hot water reservoir
a t shallow depths obtained from res is t iv i ty and
magnetic d a t a . The high temperatures show t h a t
the hot reservoir extends a t l eas t th is fa r south
b u t there are no more southerly holes to t e s t
whether i t i s , in fac t , cold south of the
res is t iv i boundary.

Strong I P indications from surface measure-
ments, cores, cuttings and downhole logging
established, without doubt, the existence of the
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IP phenomenon a t t h i s s i t e .
posi t ion of the anomalous body and de t a i l s of the
cause of i t s I P property a r e a t present uncertain. 

However the exact
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