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NOTE ON THE OCCURRENCEAND COMPOSITIONS OF
CALCITE FROM THE TE SECTOR OF THE WAIRAKEI 

GEOTHERMAL SYSTEM, NEW ZEALAND

Colin C. Harvey and P. R. L. Browne
Geothermal Institute and Department, Universitvof Auckland

SUMMARY Four types of calcite occur in cores and cuttings recovered from 14 wells drilled into the Te Mihi section of
the Wairakei geothermal field, (a) vein and open calcite which contains up to 3 wt (b) bladed calcite of
stoichiometric composition, (c) calcite, with about 0.5 wt pseudomorphing primary plagioclase, and (d) calcite
present in Calcite is much more abundant - 15%)in samples wells drilled between 1985and 1987than it is in
cores wells drilled before (0 - 3%calcite). This shows that calcite has formed in the shallow parts of the reservoir
as a result of boiling from the pressure drop accompanying water drawdown. Drawdown has also allowed shallow ground 
waters, into which derived the alkali chloride water has condensed, to infiltrate the reservoir. Calcite
deposited in veins and vugs as thiswater was heated by its contact with hotterrocks. Calcitethat plagioclase deeper in 
the reservoir formed by slow reaction between primary feldspar andthealkali chloride reservoir fluid of the Wairakei system. 

INTRODUCTION

The Wairakei geothermal system (Fig. 1) is contained
within a sequence of Quaternary silicic volcanic rocks
interbedded with lake sediments (Grindley, 1965). Fluids,
at temperatures up to ascend via a series of normal
faults and hydraulic fractures and then flow laterally within
permeablepyroclastic units.

Well measurements (Stacey and Thain, 1983; Bixley,
gravity surveys (Allisand Hunt, 1986)and chemical

monitoring (Brown, et al., 1988) at Te Mihi show that
exploitationof the Wairakei system since 1958has resulted
in:

(ii)

a lowering of the piezometric surfacein the reservoir 
by at least m; this has caused -
a pressure drop from 35 bars in to 25 bars

in the early producing extensive boiling
and increasingtheenthalpy of the discharge fluids. 
local dilution of the deep reservoir fluids by heated
ground water, condensate, or a mixture of both.

Calcite is a common hydrothermal mineral over a wide
range of depths at (Steiner, 1953, 1977). There
are at least four possible mechanisms that cause it to
precipitate:

(ii)

calcite may precipitate in veins or vugs where deeply 
circulating ground water mixes with hotter fluid or
comes into contact with hotter rock.

calcite will precipitate where deep reservoir fluids
lose by boiling or effervescence,according to:

+ + +

MAN

Calcite formed by boiling typically has a bladed
morphology and this is analogous to calcite scale 
that deposits in wells and pipework (Tulloch, 1982).

Figure 1. showing the location of Wairakei.
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(iii) interaction between the deep fluids and primary
plagioclase or pyroxene results in their replacement
by a suite of alteration minerals which commonly 
includes calcite and calc-silicate phases, as
represented by a reaction such as:

Plagioclase + C02 + H20 Calcite + Clay +
Ca alumino silicate +

232

(iv) from the carbonation of grouts used to cement well
casing 1958).

The purpose of this paper is to describe the Occurrence of
calcite in the Te Mihi section of theWairakei field since
distribution of different types of calcite present in samples
recovered from both the early and later wells
(1980's) record evidence of physical changes that have

in the reservoir due to its exploitation.

PREVIOUS WORK

Ellis (1970) showed that the deep reservoir fluids at
Wairakei were close to saturation with respect to calcite.
Steiner (1953, working on cores from the
exploitation drillholes, reported minor amounts of calcite
present at both shallow and deep levels of this system. He
recognisedthreefavoured sites for calcite to

1.

2.
3.

away from productive fissures - that is, in zones of
low permeability, where primary plagioclase is
replaced by calcite accompaniedby wairakite and/or
albite;
in the hanging walls of productive fissures;
at shallow levels in drillholeswhich did not intersect
productive fissures.

Clayton and Steiner (1975) concluded, on the basis of
isotopic measurements, that calcite at shallow depth formed
from steam-heated, waters. Based on a study of
changes in fluid chemistry with time, Mahon and Finlayson
(1983) and Brown et al. (1988) demonstrated that there has
been appreciable dilution of the deep reservoir fluids by
heated ground waters as a consequence of exploitation.
Their findings have been supported by a series of isotopic
studies made by Henley and Stewart (1983) and Stewart
(1984).

Kinnearly (1960) identified calcite and portland cement in
grouts severalof the drillholes at Wairakei.

METHODOLOGY

Samples and Sampling

Samples of core material were taken at intervals of 
approximately 40 metres from six of the pre-exploitation
drillholes (drilled between 1951 and 1962) in the Te Mihi
sector. The wells were

and (Fig. 2).
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Figure 2. Location of drillholes sampled in the Te Mihi
sectorof the geothermal system. 

Samples were also obtained from later drillholes
1987). Only two cores per well were recovered from
drillholes and Three shortcores
were obtained drillholes
four from and seven from The cores are
mostly 1 to 2 metres long, with core recovery varying from
50% to 100%. Because fewer cores were taken during the 
1985-7 cuttings were sampled, where needed,
at intervalsof about 40 m.

Textural studies were made by petrographic microscope, 
with subsequent analysis by X-ray diffraction and electron
microprobe. Semi-quantitative estimates of calcite
abundance were made using dissolutionby sodiumacetateat

5 (Jackson 1969). A series of electron microprobe 
analyses were made of the different forms of calcite
identified.

DISTRIBUTION OF CALCITE

Calcite was present in fewer than 25% of the samples
recovered (Table 1) from the early drillholes and, in most
cases, comprised less than 5%of the rocks. Two samples,
however, from drillholes (280m R.L.) and
(325 m R.L.)contain 10 and 19% calcite respectively.
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Table 1. Distribution and abundance (%) of calcite present in cores from wells WK7 (drilled
(1961) and (1962). HFF= Huka Falls Formation sediments. = trace
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Table 2. Distribution and abundance (%) of calcite present in cores and cuttings from wells (drilled
(1987) and (1987). =HukaFalls sediments,
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Calcite was present in more than 80% of the cuttings
recovered from the holes drilled from 1985-87 (Table 2) .
Many samples contain more than 10%calcite with three
from drillhole containing over 30%. There is
appreciable grout contamination of samples from drillhole

however, and indeed it is likely that a high
proportion of grout was present in the cuttings recovered 
from the later drillholes. The chemical method (sodium
acetate) usedto determinetheabundanceof calcitedoes not
distinguish between the different types present, however, it
is clear that the samples recovered from the holes drilled
more recently contain very much more hydrothermal calcite
than is present in samplesfrom the wells drilled earlier.

COMPOSITION OF CALCITES

Electron microprobe analyses were performed on the veins
of calcite, bladed calcite, replacement calcite and grout
particles from different depths in the selected drillholes.
The number of analyses performed was insufficient to
justify any statisticaltreatment of the data. However, there
are significant differences in composition between the
differentforms of calcite; these are -

(i)
(ii)

(iii)

higher manganese levels present in vein calcite
higher magnesium and silica levels present in grout
calcite
lower manganese and magnesium levels prresent in
bladed

A selection of analytical data are plotted on a triangular
diagram (Figure 3).

AFSM

Blade

placement Uein

(i) open spacefillingandvein calcite;
(ii)
(iii) replacement calciteassociatedwith albite,wairakite

(iv)

Open Space Filling and Vein Calcite

Calciteoccurs in cores taken fromboth the pre-exploitation
and drillholes (Tables 1and 2). This calcite occupies
veins and cavities and some is optically continuous over
several centimeters. None is bladed orassociatedwith other
alteration minerals. Vein (Fig. 3) is low in and
magnesium but high in manganese (up to 3%

Vein calcite from 183 m drilled depth m R.L.) in
drillhole (drilled forms about 20% of the
rock but there is no vein calcite present below this depth.
Calcite occurs at 306 m depth m R.L.) in drillhole

(drilled 1987) where it fills cavities and totally 
replaces plagioclase phenocrysts, but there are no
hydrothermal aluminosilicateminerals present with it. No
vein calcite occurs in cores from deeper than360 m drilled
depth m R.L.) in drillhole Note that vein
calcite is present in drillhole (drilled 113m
deeper than it is in (drilledin

The geochemical data of Brown et al(1988) indicates that,
with time, there has been an increasing proportion of
ground water present in the discharge waters, suggesting 
that the ground waters, into which ascending has
condensed, are infiltratingto progressively deeper levels as
reservoir pressures drop. The presence of vein calcite at
deeper levels in the more recent wells is consistent with
this interpretation. The significance of the high
concentrations (1-3% of manganese (Fig. 3) present
in the vein calcites has yet to be recognised but it may
derive either from the dissolution of primary ferro-
magnesian minerals pyroxene) or from manganese-
bearing organic material present in sediments within the 
Huka Falls Formation or the Breccia.

Bladed Calcite 

Bladed calcite occurs in veins and cavities and is near
stoichiometric in composition (Fig. 3). This morphology
has been recognised by Browne (1978) and Simmons and
Browne (1990) to be a signature of boiling with calcite
precipitating due to loss of with the steam phase.

Calcite scales deposited in pipes at Kawerau and Ohaaki-
Broadlands (Tulloch, 1982) are also commonly platey,
although some contain other constituents that together total
0.6%.

Figure 3. Triangular plot showing compositions of
calcites from the wells drilled at Te Mihi. AFSM
combines total iron oxide, Si02 and

CLASSIFICATION OF CALCITES

Vapour pressures in the Te Mihi sector decreased by 10
during the 1980s(Bixley 1986)and has been a

trend of increasing well dischargeenthalpy with time which
is consistent with boiling in the aquifer, due to this
pressure drawdown. Bladed calcite from one of the later
drillholes at 340m drilled depth is low in iron,
magnesium and manganese (all less than 0.3%). This
occurs at an horizon of previous boiling, since the
piezometric surface is now much deeper than this.

Four types of calcite are distinguished, based on their
morphology, texture, associated alteration mineralogy, and
compositions. These are :-
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Figure 4. Summaryof processes that cause calcite to deposit in the Te Mihi sectorof the Wairakei geothermal system. 

Calcite Associated with Albite, Wairakite
and/or Epidote

Steiner (1977) reports minor calcite present in samples
from many of the pre-1963 drillholes where it occurs in
close association with a range of alteration minerals
including wairakite, albite, epidote and/or illite. Typically
two or threedifferent alteration minerals partially totally
replace plagioclase This association is

by our study. Electron microprobe analyses of
calcites from drillhole at drilled depths of 687 m
(-177 m R.L.)and 825 m (-315 m R.L.) show them be
low in iron and magnesium with less than 1%
(Fig. 3).

Grout Calcite 

C. P. Wood (pers comm., 1987) noted appreciable
quantities of cement or grout contamination in the cuttings
at a drilled depth of 340 m m R.L.) in WK 233.
This was indicated by the presence of a calcium
hydroxide cement product that converts calcium
carbonate (carbonation) under atmospheric conditions 
(Verbeck 1958). Milestoneet working on grouts
from wells in the Ohaaki (Broadlands) geothermal field,
showed that carbonation can be rapid in environments
where are high.

Light grey particles of what appeared to be cement grout 
were hand selected from cuttings of well These
cuttings had been stored in open core boxes for about 3
years. Cuttings from 340 m depth in well which
had been sealed in a plastic bag, were kindly made available
by C. P. X-ray diffraction analyses showed that 
cuttings stored in the open boxes are dominantly calcite 

with no detectableportlandite. However, the sealed sample
was predominantly with only a trace of calcite
present. Electron microprobe analyses of several grout
particles, together with several chemical analyses by
Kinnearly are also shown in Fig. 3. It is likely
thatat least someof the calcite present in the cuttingsfrom
the 1985-87 drillholes at Te Mihi is derived from the 
carbonation of grout material. Clearly grout comprises
calcite mixed with discrete, fine-grained silicate phases
(probably including quartz and clay).

Conclusions

Calcite is much more abundant in cores and cuttings 
recovered wells drilled in 1985-1987 than it is in cores
recovered wells drilled before 1962. This demonstrates
that much calcite has deposited since exploitation of the
Wairakei system began in 1958.

Figure 4 summarises the four main processes that cause
calcite to deposit in the Te Mihi area,

(i)
(ii)

boiling,which produces bladed calcite,
infiltration of ground water into which ascending

condenses. This becomes heated as it descends
causing calcite to precipitatein veins and vugs,
interaction between primary plagioclase and the
alkali chloride water that constitutes the reservoir
fluid at Wairakei,
by reaction of Portland cement.(iv)

Calcite deposited from boiling or ground water infiltration
(cases and obviously does so as a result of exploitation
at Wairakei which has reduced pressures by about 10bars
and lowered the boiling surfaceby 300 m or so.
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The four different typesof calcitecan be distinguished from
one another by their morphology, occurrence and
compositions. For an unknown reason, calcites deposited
from heated ground water contain higher manganese
contents than either bladed or replacement
calcites.

IMPLICATIONS FOR RESERVOIR
MANAGEMENT

Deposition of vein calcite descending or laterally 
moving ground water will decrease permeability. The
development of a lower permeability region above the 
production zone will have a beneficial effect on reservoir
performance by reducing further ground water inflow into
the reservoir. Similarly, any ground water moving laterally
will also form a calcite barrier that restricts lateral
flow. However, a deposition front of vein calcite that 
descendsinto the reservoir will its permeability.

Ellis A.J. (1970). Quantitative interpretation of chemical
characteristics of hydrothermalsystems Geothermics,2nd
Spec

Grindley G.W. (1965). The geology, structure and
exploitation of the Wairakei geothermal field, Taupo. N.Z.
Geological Survey Bulletin 75,

Henley R.W., Stewart M.K. (1983). Chemical and 
isotopic changes in the hydrology of the Tauhara 
Geothermal Field. Jour. Volcan. and Geothermal Res.,

285-314. 

Jackson M.L.(1969). Advanced Soil Chemical Analysis -
A Manual. University of Wisconsin, 895 pp.

Kinnearly R.A. (1960). Geothermal cement grout. 
Analyses Cement recovered Wairakei Bores D.L.
ReportNo.

It is unlikely that calcite deposited due to boiling will
appreciably reduce permeability within the productive
formations at Te Mihi because the amount of

Mahon W.A.J. and Finlayson J.B. (1983). Temperature
changes in the Wairakei Geothermal System asdetermined
by silica geothermometry. Proc 5th NZ Geothermal

dissolved in theWairakei water is very low. Workshop, 263-268.

Deposition of calcite by replacement of plagioclase is
within the liquid-only part of the reservoir. This

is not extensive, however, and any reductions in reservoir
permeability in this way are likely to be so slow as to have
negligible effect on the reservoir.

ACKNOWLEDGEMENTS

This work was carried out as part of a post-doctoral 
fellowship at the University of Auckland, funded by

Corporation of New Zealand whose supportand
consent to publish these data are gratefully acknowleged.
We also thank Peter Wood for several stimulating 
discussions and for the supply of the samplesof portlandite.

REFERENCES

Allis R.G., Hunt T.M. (1986). Analysis of
induced gravity changes at Wairakei Geothermal Field. 
Geophys. 1647-60. 

Bixley P.F. (1986). Cooling of the Wairakei Reservoir 
during production. Proc. Workshop on Geothermal
Reservoir Engineering, Stanford, Calif., Jan 1986.

Brown K.L., Henley R.W., Glover R.B., E.K. and
Plum H. (1988). Dilution and boiling in the Wairakei
Field due to exploitation 1959-1982. Proc. 10th N.Z.

Workshop, 263-267. 

Browne P.R.L. (1978). Hydrothermal alteration in active
geothermal fields. Annual Reviews of Earth and Planetary
Science, 6,229-250. 

Milestone D.A., J.H. and Aldridge
L.P. (1986). Corrosion of geothermal cement 
grouts. 8th Congress Chemistry of Cement (Rio)
141-144. 

Simmons S.F. and Browne, P.R.L. (1990). A three- 
dimensional model of the distribution of hydrothermal
alteration minerals at Ohaaki-Broadlands geothermal
system: implications for the paleohydrology of
extinct geothermal systems. Proc 12th

25-30.

Stacey R.E. and Thain I. (1983). Twenty -five years of
operation at Wairakei Geothermal Power Station. 5th

GeothermalWorkshop, 79-90. 

Steiner A. (1953).
Wairakei, N.Z. Econ Geol, v.48, 1-13.

Hydrothermal rock alteration at

Steiner A (1977). The Geothermal Area, North
Island, N.Z. Geol Surv. Bull. N.S.90.

StewartM.K. (1984). Isotopic geochemistry,Wairakei - a
hydrological model of the system .Wairakei Seminar, Sept 
26-27, 1984.

Tulloch A. J. (1982) Mineralogical obsrvations on
carbonate scaling in geothermal wells. 4th New
Zealand Geothermal Workshop, 131-134.

Verbeck A. (1958). A.S.T.M. Special Technical Note Pub.
205.

Clayton R.N., Steiner A. (1975). Oxygen isotope studies 
of the geothermal system at Wairakei, New Zealand.
Geochem. Cosmochim. Acta, 




