
131

MINERALOGICAL OBSERVATIONS ON CARBONATE SCALING IN
GEOTHERMAL WELLS AT KAWERAU AND BROADLANDS

A.J. Tulloch

N.Z. Geological Survey, DSIR, Lower Hutt

ABSTRACT

Variation in the development of prism,
scalenohedron and basal pinacoid faces of calcite
produces a considerable range in crystal

ogy in scale deposi ts , and platy crystals
dominated by the basal pinacoid form are not 

calcite include various combinations of lack of 

fluid preferential nucleation of prism 
rather than basal faces on the pipe wall, or
rapid absolute growth rates resulting from high
degrees of supersaturation (in turn due to
primary fluid composition which may also be
consequent upon a pressure decrease or
temperature increase and/or high mass flow).

Mechanisms which could produce platy

surface charge effects relative to 

Several wells which have developed scales
exhibiting major compositional variations (Mg-
calcite, dolomite, talc) occur principally near
the margins of the fields and probably result
from Mg, Si-enriched groundwater incursions.

INTRODUCTION

Production from more than a dozen wells at
Kawerau and Broadlands is hampered to varying 
degrees by calcite scale depositions within the 
well casing or liner. Mineralogical study of
approximately 70 workover samples has revealed 
rare variation in crystal structure and major
element composition, and common variations in
crystal morphology or habit (Table 1) . This
paper attempts to relate these variations to
downhole chemical /physical environments.
Unfortunately many scale samples recovered
comprise only that material remaining after
partial reaming with a drill rig. 

All calcite is assumed to have precipitated 
from the liquid fraction of a two-phase fluid at
temperatures of the order of 230-280°C.
Basically, flashing leads to loss of and
increased activity of the rises and
bicarbonate is converted to C03 = and subsequent
supersaturation with respect to calcite leads to
its precipitation.

CRYSTAL MORPHOLOGY OF CALCITE SCALE 

Mineralogy

Scale fragments recovered after reaming are

1-10 thick and consist o f aggregates of
crystals with individual maximum dimensions of
0.1 - 5 Several growth layers characterise 
many samples. Crystal morphology varies from 
prismatic to platy corresponding to the relative 
development of prism, scalenohedron and basal
pinacoid forms.. Combinations of prism and
scalenohedron forms predominate at Kawerau
most calcite at Broadlands shows some deve
of the basal pinacoid and in some cases th
dominates the crystal with length (c-axis)
breadth ratios o f 0.01. X-ray diffraction 
patterns of this platy material exhibit
anomalously high intensities for the (006)

but
opment
s form

reflection, due to the preferred orientation of
platy crystal fragments. If the degree of
sample grinding grain size) is consistent,
the relative intensity o f the (006) reflection
yields a qualitative estimate of the degree o f
platiness.

The prismatic forms can be seen under the
microscope to develop a dense intergrowth of
crystals with the c-axis aligned at a high angle
to the pipe wall. 
c-axis parallel to the pipe and form a skeletal
intergrowth which may contain up to 60% pore
space (Fig. 1). In some instances the plates
are bent up to 15" up-pipe. Both forms have
uniaxial optical signs. 

Platy crystals grow with their

A significant difference exists in the fluid 
inclusion density of prismatic and platy forms.
The latter (BR 19) includes 10-20 vol . of
inclusions compared with a more normal value of 
1-2% in the prismatic variety 8). Variable
proportions of vapour (30-60%)in the platy
variety indicates boiling conditions and
precludes temperature determinations. 

Representative analyses of prismatic and
platy forms are given in Table 2. Platy calcite 
has a relatively pure composition with decreased 
Mg, Sr and slightly higher S i relative to
prismatic cite.

Oxygen isotopic compositions are broadly 
consistent with measured temperatures and
reported water compositions, but carbon isotopic 
compositions apparently differ by 8% and

for prismatic and platy calcite
respectively, possibly suggesting a growth rate
too rapid for isotopic equilibrium. 

from equilibrium tractionation of C between
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Habi t Structure Composition

prismatic
(BR 3, KA 8, 14, 16)

(BR 2, 7, 8, 11, 19,
19, 21)

aragonite (BR 6)

v a t e r i t e
(BR 11, KA 17, 19)

dolomite
(BR 11, KA 17, 19)

Talc i s a lso associated w i t h pr ismat ic c a l c i t e i n 16.
Associated sulphide scales are dominated by py r rho t i t e , bu t inc lude
traces o f galena, sphaler i te ,  chalcopyr i te  and cove l l i t e .

Table 1. Var ie t ies and p r i nc i pa l occurrences of carbonate and associated
scale deposits a t Kawerau and Broadlands.

P r ismatic Pla ty
c a l c i t e c a l c i t e (2)

Mg-calcite 1.

S
Si02

Ba0

nd
0.3
0.3
0.3
0.06
0.07
0.2
0.005

nd
0.06
0.15
0.15
0.12
0.07
0.2
0.005

49.40
6.72
0.36
nd
0.8
0.6
0.04
nd

Table 2. Compositions o f c a l c i t e scal ings from
ands and Kawerau.

(1) 16, workover o f 8 5/8 casing
of 6/79, NZGS co l l n .
(2 ) BR 19 6 5/8 l i n e r 9/80,
(3) BR 2, 6 5/8 l i n e r 5/71,
1 and 2 by emission spectrography, 
3 by electron microprobe.

Samples:

Occurrence

Most c a l c i t e i s deposited w i t h i n 100-300 m
above the major feed zones where water enter ing
the wel l begins t o b o i l , and i n general the p l a t y
va r i e t y i s r e s t r i c t e d t o the upper p a r t o f  t h i s  
deposi t ion zone.
a t Broadlands than a t Kawerau, consistent w i t h a
number o f possib le causes ined below.

P la ty c a l c i t e i s more common

Pla ty c a l c i t e i s a r e l a t i v e l y uncommon form
i n nature, where needles ( inver ted from aragonite)
c r y s t a l l i s e from sea water and equant rhombs
form from f resh water.

Mechanisms which may a f f e c t c a l c i t e morphology

Possible cont ro ls on d i f f e r e n t i a l growth
rates o f c a l c i t e c r ys ta l faces i n the geothermal
environment are out l ined below:

Skeleta l c r y s t a l l i s a t i o n resu l t i ng from a
rap id absolute growth rate.
suggest abundant growth defects are present
(probably a lso  ind ica ted  by the high volume
o f  f l u i d  inc lus ions) , a charac te r is t i c o f
rap id growth. However, calculated on the
basis o f time between workovers and taking
i n t o account the pore space o f p l a t y c a l c i t e
scales there appears t o be l i t t l e d i f ference
i n the mass p rec ip i t a t i on r a t e of the two
forms , though these estimates are poor ly  
constrained and ra tes may not be constant
w i t h time.
o f growth zones w i t h observed changes i n
WHP (J.A. pers. corn.) al lows a
r a t e o f 0.1 t o be calculated.
growth would r e s u l t from high degrees o f
supersaturation, bu t no t so high such t h a t
the nucleat ion r a t e dominated and a very
f i n e grained p rec ip i t a te resulted. Growth
ra tes a t l e a s t as high as those suggested
a t Broadlands and Kawerau produced aragonite
and non p l a t y c a l c i t e a t K i z i l de re (James

t h a t rap id growth i s not
s u f f i c i e n t t o produce t h i s form i n the
absence o f a su i tab le chemical environment. 
The degree of supersaturat ion could be
increased i n a number o f ways i n the
geothermal 1 environments over and above 
f i e l d di f ferences i n the degree o f super-
sa tura t ion of the primary f l u i d (higher
supersaturat ion w i t h respect t o c a l c i t e a t
Broadlands r e l a t i v e t o Kawerau i s indicated
by higher greater s a l t concentrations
and higher

SEM images

I n BR 19 a possib le co r re l a t i on

Rapid

(a) Pressure decrease - p la t y c a l c i t e
develops upwell o f pr ismat ic c a l c i t e
where f lash ing i s more advanced. It
can a lso be cor re la ted w i t h o r i f i c e
e f f ec t s a t 6 - 8 pipe
diameter changes, and in- pipe from s l o t s
where a pressure gradient ex i s t s between
reservo i r and pipe and where turbulence
produces loca l  f lash ing  zones. I n one

i
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problematical regarding c a l c i t e scal ing
and i t i s f u r t h e r noted here t h a t the
p l a t y v a r i e t y i s l a r g e l y r e s t r i c t e d t o
the higher o f these high mass output
wel ls.

2. Select ive i n h i b i t i o n o f growth normal t o the
c-axis. Two mechanisms have been proposed by

Fig. 1.

sedimentary pe t ro log is ts . Folk (1974)
suggested t h a t incorporat ion o f Mg ions would
d i s t o r t the l a t t i c e and i n h i b i t sideways
growth i n waters w i t h high r a t i o s .
Lahann (1977) suggested t h a t d i f f e r e n t
surface charges on d i f f e r e n t c r y s t a l faces
would lead t o pre fe ren t ia l growth i n the
c-axis d i r e c t i o n depending on the
r a t i o o f the f l u i d . There i s a good
c o r r e l a t i o n o f the degree o f p lat iness o f
scale c a l c i t e w i t h the former, b u t n o t the
l a t t e r , o f these ra t ios .
we l l s developing p l a t y c a l c i t e averages 0.04
compared t o f o r we l l s w i t h pr ismat ic
c a l c i t e and 3 f o r sea water. This
c o r r e l a t i o n i s supported by the low Mg
compositions o f p l a t y c a l c i t e discussed above

Thus f o r

3. Pre fe ren t ia l nucleat ion o f basal o r prism
faces on pipe wal l .
c r y s t a l would grow normal t o the wal l .
D i f f e r e n t surface charge charac te r i s t i cs o f
c r y s t a l faces may respond t o var ia t ions i n
the wel l wal l environment, o r the r e s t r i c -
t i o n t o high output we l l s might suggest
mechanical i n h i b i t i o n o f c rys ta ls which are

igned w i t h t h e i r = sheet
st ructures p a r a l l e l t o the mass f low
d i r e c t i o n (i.e. c r y s t a l s w i t h c-axes
p a r a l l e l t o wal l are preferred).

Once nucleated a

MAJOR COMPOS I TIONAL VARIATIONS

SEM micrographs o f p l a t y c a l c i t e .
Scale bars are 100
a) Face-on p i c t u r e o f scale comprising
porous intergrowth o f c a l c i t e p lates,
c-axis p a r a l l e l t o page.

P la ty c a l c i t e c r y s t a l , c-axis normal
t o page. Note t h a t a l l these
rhombohedral cleavages can be seen.

we l l (BR 19) the r e l a t i v e thickness and
degree o f p lat iness o f two growth zones
appear t o cor re la te w i t h two sharp
drops i n WHP p r i o r t o a
workover i n August 1980, and the
c o r r e l a t i o n may extend t o two other
we l l s which record drops i n WHP.

(b) An upward temperature increase i n we l l s
w i t h inversions, as r e l a t i v e l y cool
waters r i s e i n t o h o t t e r feed zones,
w i l l increase c a l c i t e supersaturat ion
i n accord w i t h i t s retrograde
solub i1ity.

(c) Mass output. High output wel ls have
been recognised as being the most

Mg-calcite. Scale from a 1971 workover o f BR 2
consis ts o f c a l c i t e conta in ing an average o f
14.7 mol . (Table 2) . Microprobe
analyses and elect ron images show

d i s t r i b u t i o n t o be heterogeneous, which
together w i t h the presence o f associated t a l c
suggests an o r i g i n by replacement o f dolomite.
Low Mg i n we l l f l u i d analyses suggests the scale
developed i n response t o a unique event i n which
steam heated Mg, groundwater entered the
wel l , consis tent w i t h suggestions (R.W. Henley,
pers. f o r such an incurs ion a t the base
o f the casing.

I n three wel ls (BR 11, KA 17, 19)
minor 5%) dolomite occurs w i t h c a l c i t e and
possib le va te r i te . This assemblage i s repeated
i n two consecutive workovers. The c a l c i t e i s
p la ty , possib ly because a l l ava i lab le Mg was
p a r t i t i o n e d i n t o the dolomite. The wel l f l u i d s
are s l i g h t l y enriched i n Mg and are s i tua ted near
the f i e l d margins.

Talc. I n add i t ion t o the occurrence i n BR 2,
t a l c a lso occurs as a t h i n (0.5 pale brown
l a y e r between two layers o f pr ismat ic c a l c i t e i n

16 (a lso located near the margin o f the
Kawerau .
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VARIATION I N CRYSTAL STRUCTURE

One and possib ly two metastable polymorphs o f
c a l c i t e occur a t Kawerau and Broadlands.
Aragonite has been described by Browne (1973)
from BR 6. Recent experimental work (Katz, 1973)
suggests t h a t c a l c i t e could no t have prec ip i ta ted
from f l u i d s of BR 6 composition,
regard1ess o f p r e c i p i t a t i o n rate.

scales which conta in
stable pseudohexagonal form o f and i t s
occurrence i n b o i l e r scale has prev iously been
a t t r i b u t e d t o low Mg, S r water compositions.

Va te r i te (? ) i s a possib le const i tuent o f
It i s a meta-

ASSOCIATED SULPHIDE SCALES

Thin (genera l ly 1 black sulphide
scales are dominantly py r rho t i te , b u t traces of
galena , sphal e r i t e , chalcopyr i te and 1 t e
have been noted. An ant ipa the t i c re la t ionsh ip
w i t h c a l c i t e can be observed i n some wells,
w i t h sulphide scales increasing up we l l , as
c a l c i t e decreases , presumably due t o t h e i r
opposite sol it i e s w i t h respect t o
temperature.
a re considered t o have deposited when the we l l s
were shut i n and the temperature decl ined i n
the upper par ts of the holes. Although some
p y r r h o t i t e can be regarded as i n s i t u corros ion
i t i s n o t uncommon f o r such scale t o be
separated from the casing by a layer o f c a l c i t e .

The t h i n regular sulphide layers

CONCLUSIONS

A p l a t y form of c a l c i t e , genera l ly
i n nature, i s st rongly developed some geothermal

due t o combinations o f various con t r ibu t ing
factors, o f which the r o o t cause i s probably a
lack o f Mg- inhib i t ion o f growth normal t o the
c-axis.
saturated w i t h respect t o c a l c i t e aided such
growth, b u t cannot develop t h i s morphology ifthe
f l u i d chemistry i s no t broadly appropriate.

Rapid growth from waters h i g h l y super-

For

the same mass o f c a l c i t e p rec ip i ta ted the p l a t y
form w i l l c log a we l l approximately twice as fas t
as the pr ismat ic form. Some cont ro l over i t s
formation (add i t ion o f t race Mg?) may thus be
usefu l i n some cases.

M inor development o f Mg-phases (dolomit e ,
Mg-calcite, t a l c ) occurs p r i n c i p a l l y near f i e l d
margins due t o incursions o f steam-heated
groundwater.

The mineralogical s t rat igraphy of scale
deposits has considerable po ten t ia l t o record
(chronological and depth) var ia t ions i n f l u i d
compositions etc.
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