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ABSTRACT

Pe t ro log i ca l examination of cu t t i ngs from Well numbers
and 13 show t h a t the rocks

comprising t h e d r i l l e d ea s t e rn pa r t of the Olkaria
r e s e r v o i r below about c o n s i s t of subhorizontal
i n t e r c a l a t e d r h y o l i t e , t rachyte and b a s a l t lavas plus
occas ional t h i n py roc l a s t i c beds of s imi l a r
compositions. Cut t ings of microgabbro were a l s o
recovered from some wells; t h e s e probably der ive from
dykes o r si l ls too t h i n t o be o t h e r than local
ephemeral hea t sources. There is no evidence t h a t
f a u l t s wi th s i g n i f i c a n t v e r t i c a l displacement occur
wi th in the area d r i l l e d .

Many of t h e c u t t i n g s , e s p e c i a l l y those der iv ing from
below show the e f f e c t s of complete o r

i n t e r a c t i o n s which have produced a s u i t e of
hydrothermal minerals inc luding quar tz , hematite,
a l b i t e , adu l a r i a , c h l o r i t e , i l l i t e , p y r i t e and calcium
bear ing phases such as c a l c i t e, montmorillonite,
wa i r ak i t e , ep idote , sphene, f l u o r i t e , mordenite,
p r ehn i t e and anhydrite. The i d e n t i t y and d i s t r i b u t i o n
of t h e minera ls have been used t o reach t h e following
conclus ions about prc- dr i l l ing condi t ions prevai l ing
i n t h e Olkar ia reservoi r .

Rocks down t o a depth of about are near ly
impermeable, but t he r e poor t o good lateral
permeabi l i ty i n most rocks occurr ing below t h i s depth;
t h e r e is not a c lo se c o r r e l a t i o n between rock type and
permeabi l i ty , but genera l ly the t h i n py roc l a s t i c beds
have t h e h ighes t permeabil i ty and a sequence of
widespread b a s a l t l a v a flows occurring between 500 and

usual ly , but not invar iab ly , also have r e l a t i v e l y
good permeabil i ty. None of t h e penet ra ted dykes or
s i l l s of microgabbro serve as channels f o r thermal
f l u i d s , nor is t h e r e any evidence of s i g n i f i c a n t
v e r t i c a l permeabi l i ty i n t h i s p a r t of the f i e l d .
F lu id s probably move l a t e r a l l y along very narrow,
in terconnected j o i n t channels, con t ac t s between lava
flows or boundaries between separa ted blocks wi th in
b recc i a t ed lavas ; i t is probable t h a t thermal f l u i d s
do no t pervade, or perhaps even f u l l y s a t u r a t e , a l l
t h e rocks in t h e reservoi r .

The a l t e r i n g thermal f l u i d s are deduced t o be
near- neutral a lka l i ch lor ide water of s l i g h t l y varying
s a l i n i t y and genera l ly sa tu r a t ed with respec t t o
a t 2600 these have values f o r CO

and of 0.01 mole, and
re spec t i ve ly ; t h e fugac i t i e s of gases dissolved i n
t h i s f l u i d a t are f02

and bars. There is no
evidence, from t h e a l t e r a t i o n , f o r t h e presence of
e i t h e r vapour only or condensate zones except very
c l o s e t o t h e sur face ; however, two-phase condit ions
p r e v a i l between about 550 and depth.

Before d r i l l i n g there was a f a i r l y s t ee p thermal
gradien t , l oca l l y a t boi l ing temperature, down t o
about below t h i s the a l t e r a t i o n shows t h a t
the temperature reversa ls measured i n some w e l l s
predate t h e i r being d r i l l e d . Temperatures i n deeper
p a r t s of the r e s e r v o i r a r e between 250 and 2700 but
the p red r i l l i ng isotherm is closest t o the
sur face i n t h e northwest p a r t of the a r e a d r i l l e d and
near t o W e l l 2.

The d i s t r i b u t i o n of c a l c i t e and o the r hydrothermal
minerals is cons i s t en t with a model whereby water of
near-neutral h o t t e r than and containing 0.01
moles of disso lved ascends a zone loca ted
somewhere northwest or west of t h e area; t h i s water
flows l a t e r a l l y , mostly a t depths between 500 and

across t h e f i e l d , gent ly lo s ing carbon dioxide
as i t does so.

INTRODUCTION

The Olkaria geothermal f i e l d i s loca ted t he f l o o r
of the Eas tern R i f t Valley of Kenya ( f i g u r e on t h e

shores of Lake Naivasha and from
Nairobi. The f i e l d is present ly (1984) producing
electrical, but i t s po t en t i a l output is probably much
grea t e r than t h i s .

The surface geology i n t h e v i c i n i t y of t h e geothermal
f i e l d c o n s i s t s of young a l k a l i n e rhyo l i t e s over ly ing
t h i n l a c u s t r i n e sediments 1972; 0 . Odongo

comm.). However, t h i s paper descr ibes sub-
surface s t r a t i g r aphy and hydrothermal a l t e r a t i o n of
cu t t i ngs recovered from 10 w e l l s (2, 3, 5 , 6 , 8 , 9,
10, 11, 12, 13) d r i l l e d t o depths between 901 and

About 300 t h i n s e c t i o n s of cu t t i ng were
examined and these observations were occas ional ly
supplemented by X-ray Di f f r ac t i on r e s u l t s ; however,
more work, f o r example, f l u i d inc lus ion geothermometry
and clay mineralogy, s t i l l remains t o be undertaken on
these samples.

STRATIGRAPHY

The s t r a t i g r aphy of the ea s t e rn sec t i on of the Olkaria
geothermal f i e l d is summarised i n Figures 2 3;
formation boundaries are mostly located from t h e
l i t h l o g i c a l logs of and 0. Odongo
of the Kenya Power Company. Because many c u t t i n g
samples a r e f ine-grained and/or hydrothermally
a l t e r e d , a very s i m p l e nomenclature system is used:
pyroc las t ic rocks are named following Browne (1971);
r h y o l i t e s i n t h i s paper r e f e r t o ext rus ive rocks
containing phenocrysts of primary quar tz and usual ly
sodic plagioc lase and/or K-feldspar; t rachytes
a r e here ca tegor ised a s ex t ru s ive rocks conta in ing
phenocrysts of K-feldspar and/or sodic plagioc lase ,
but without phenocrysts of primary quartz. Other
rocks a r e named following convention.
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1: Location of Olkaria Geothermal Field.

Examination of cuttings (figures 2 3) shovs
that:

1. The field is predominantly composed of lavas
(basalt, trachyte and rhyolite), vith their
pyroclastic equivalents comprising less than
10% of this volume.

2 . Except for the microgabbro the rocks vere
deposited subaerially; there are no marine,
nor significant amounts of lacustrine,
sediments occurring belov about 200m depth.

3 . There are marked variations in the thickness
subsurface formations;

the cross-sections (figures 2 and 3 ) are the
simplest that could be drawn, and the reality
is probably much more complicated; it is
likely that successive lavas onto a
terrain vhich vas very irregular. Neverthe-
less, correlation between drillholes is
possible, and several units can be recognised
in more than one drillhole. to a depth
of about rhyolite and trachyte lavas

but belov this, to about
rocks of basaltic composition (pyroclastics,

but mostly lavas) are more
and widespread. about trachyte
predominates vith subordinate basalt and
rhyolite lavas; however, the lateral
distribution of all three types varies
considerably.

Several of the pyroclastic units occur in
close proximity to effusive rocks of the same
composition; for example, scoria overlies,
underlies or is interbedded with basalt lava
in several drillholes. This suggests that the
two rock types are genetically associated and
perhaps even derive from the same vent; the
same relationship is probably also true for
some rhyolitic and trachyte rocks.

The microgabbro, possibly genetically related
to the youngest basalt flow, was encountered
in some wells, but simple calculation shows
that this cannot be a significant heat source
for the Olkaria system. Distribution the
ricrogabbro is undoubtedly more complex than
that indicated in figures 2 and 3 where it
shown to form sills and dykes.
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Units

No fdeal widespread and distinctive) marker
units vere recognised. Several potentially useful
units, such as scoria, occur but were not encoun-
tered in all vells; nor vere pyroclastic rocks
erupted onto flat surfaces. Lavas, vhich are more
widely distributed, are seldom sufficiently dis-
tinctive to allow close or confident correlations
to be made betveen drillholes. This problem is
also compounded by the effects of

alteration, a process vhich, for
example, readily destroyed the potentially diag-
nostic minerals. Nevertheless,
despite these limitations, correlation between
drillholes are attempted (figures 2 and and
the following units are the most easily
recognised.

Spherulitic Rhyolite Lava

This lava occurs in several drillholes and samples
examined include, for example, cuttings from wells

and
The rock is typically to pale grey in colour
but mottled; it is spherulitic or microspherulitic
and locally vith a lov phenocryst con-
tent (0-10%). quartz forms small pheno-
crysts together vith rarer K-feldspar, including
anorthoclase. Where fresh the groundmass contains
small needles or riebeckite, hornblende and
aegirine-augite, and also quartz and
albite-oligoclase.

Trachyte Lava

This unit occurs in several drillholes, for
example cuttings from

6( ,
8 , 11

It is a grey to
porphyritic rock that is commonly vesicular;
cuhedral to rubhedral, but in places embayed
phenocrysts of (including sanidine and
anorthoclase) vary in abundance and size
(up to long). Less are phenocrysts
of dusty albite-oligoclase vhich occur in a
fine-grained (60 or smaller), uniformly

consisting of euhedral laths of
feldspar, interstitial quartz and, where fresh,
clinopyroxene and occasionally very rare olivine.

Chemical analysis (table 1) shovs that a core of
this unit from is much more 
iron-rich but contains less magnesium and calcium
than that of an average trachyte but alteration
and oxidation have caused some elements in this
rock to exchange partly with those in the
circulating fluids.

Basalt Scoria and Vesicular Basalt Lava

At least tvo thin but distinctive units of these
lithologies vere encountered by several drillholes

cuttings from and
and

Both units are
characterised by sized vesicles that
vary greatly abundance. Rocks are typically
grey to brown and contain euhedral phenocrysts of
calcic plagioclase, up to long, but in places
these are so small as to be indistinguishable from
crystals that form the groundmass; in some
samples, however, the matrix is opaque in thin
sect i o n
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2: Summary Stra t igraphy of NW-SE sect ion of Olkaria
Geothermal Fie ld based upon cutt ings.

Micronabbro

t rachyte lava

t r a c h y t e tuf fs

r h y o l i t e pyroclastics

rhyol i te

basal t pyroclastics

lava

bbro

E a s i l y recognised i n t h i n s e c t i o n from i t s
c r y s t a l l i n e charac te r ; unfor tuna te ly t h i s

u n i t is of l i t t l e h e l p i n c o r r e l a t i n g between
d r i l l h o l e s because of i ts i n t r u s i v e nature.

a l t e r e d read i ly ; nor were they ever abundant i n
t h e f r e s h rocks. The groundmass of t h i s u n i t
d i f f e r s ' considerably i n c r y s t a l l i n i t y v i t h o p h i t i c
and subophi t ic t e x t u r e s developed.

B a s a l t Lava
Rhyoli te Lava

T h i s u n i t occurs i n a l l d r i l l h o l e s and is .probably
composed of s e v e r a l f l o v s vhich together have a n
average thickness of about The lavas vary

colour from black t o grey-green, depending on
t h e i r degree of a l t e r a t i o n , and include both
p o r p h y r i t i c and non-porphyritic types. Euhedral
phenocrysts of andesine- labradorite occur i n many
samples and these are occas ional ly aligned i n
s u b p a r a l l e l fashion; t y p i c a l p lag ioc lase pheno-
c r y s t s a r e less than long but very r a r e l y some
exceed occurs i n

t h e s e rocks, mainly i n small g r a i n s i n t e r s t i t i a l
t o p lag ioc lase i n the groundmass; fe r roaugi te a l s o
forms small g r a i n s i n p laces and is a

l a t e c r y s t a l l i s a t i o n product. Hovever,
pyroxene and a r e much r a r e r a s both

This i s another widespread u n i t ; i t was encoun-
tered i n a l l t e n d r i l l h o l e s although i t notably
th inner i n 8. I n most places r h y o l i t e s
under l ie t h e b a s a l t l ava f l o v s but a re l o c a l l y
a l s o interbedded them. This l ava c o n s i s t s of
s e v e r a l f l o v s, poss ib ly even der iv ing from
d i f f e r e n t vents , bu t most have feu phenocrysts
(10% a t most); vhere presen t , these include
embayed t o euhedral quartz c r y s t a l s , mostly about

diameter, but occas ional ly a s l a r g e as

Euhedral l a t h s of K-feldspar (3.6 x occur i n
p laces , and s e v e r a l samples conta in intergrown
c r y s t a l s of o p t i c a l l y continous quartz and sodic
p lag ioc lase ; very r a r e l y K-feldspar and plagio-
c l a s e a l s o form gra ins . The groundmass
is mostly homogenous, al though l o c a l l y
l i t i c , and conta ins microcrys ta l l ine anhedral
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3: of s e c t i o n of
F i e l d upon cuttinqr:

key s e c t i o n l i n e i n Figure

V
quartz. Core correlated with this lava from well
16 (table 1) has in excess of 75%
but little or the analysis shovs
that plagioclase in this sample must be sodic
albite but K-feldspar is about five times more
abundant than plagioclase.

Deeper Trachyte Lava

A series of trachyte lavas of greatly different
thickness were encountered near the bottom of most
drillholes (figures 2 and 3). Chips vary in both
their textures and phenocrysts: the former are,

places, brecciated or vesicular.
The groundmass is occasionally heavily opacitised
but is usually trachytic, fine-grained, quartzose
and of homogeneous appearance. Phenocrysts of
K-feldspar (anorthoclase or orthoclase where
fresh) and sodic plagioclase comprise up to 15% of
the rock, and crystals range in size from about
0.5 to 3 but most are about 2.5 long; they
are typically euhedral but occasional K-feldspar
phenocrysts are embayed. Very rarely well

quartz occurs as xenocrysts
strongly developed embaymcnts. Chemical analysis 
(table 1) of two cores (16, and 17,
1234-37m) shows that and are
uniformly low but these samples have been hydro-
thermally altered.
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Structure

The lavas and pyroclastic rocks which comprise
some of the reservoir rocks of the Olkaria field
have been subjected to neither tilting nor
folding. Nor is there any evidence, from the
cuttings, that faulting has occurred; however,
this is not to say that faulting has not taken
place: for example, the offset of several units
(fig. 3) below depth, between wells 11 and
12, may be due to displacement along a fault whose
last significant movement predated the eruption of
the overlying, apparently undisturbed, rhyolite
lavas and pyroclastics. Cuttings from several
locations show evidence of having been brecciated
but this have resulted rather than
faulting.

Introduction

Many of the cuttings from the Olkaria drillholes
show the effects of fluid and rock interaction;
this process has produced not only a variety of
hydrothermal minerals but has also changed the
chemistry of the reservoir rocks themselves.
These hydrothermal minerals are generally the same
as those which occur of the world’s geo-
thermal fields 1984) for this reason
it is appropriate to interpret the observed
alteration of the Olkaria samples in the light of
experience gained elsewhere in relating mineralogy
to measurable reservoir parameters.

Alteration of Primary

The unaltered trachytic 8nd rhyolitic rocks
encountered by the Olkaria drillholes have a
fairly simple mineralogy; in response to

interaction the decreasing stability of
the phases t o be: quartz,
titanium oxides, IC-feldspar, plagioclase, sodic
amphibole, pyroxene and volcanic glass. Plagio-
clase and iron-titanium oxides are the most stable
minerals in rocks of basaltic composition, fol-
lowed by clinopyroxene and
olivine; basaltic glass is their least stable
phase.

The Hydrothermal Minerals

Hydrothermal. minerals present in the cuttings from 
Olkaria include abundant and widespread quartz,
hematite and chlorite. Calcite is also common but
is mainly present in distinct zones; other
calcium-bearing phases include minor to rare
kite, prehnite, laumontite, mordenite, epidote,
sphene, Ca-montmotillonite and fluorite plus very
rare gypsum and anhydrite. Both albite and
adularia occur as hydrothermal minerals, but
illite and interlayered
morillonite are the only other significant
alkali-containing secondary phases, and both are
much less abundant than they are in fields such
as Broadlands and Wairakei. Pyrite is also rarer
at Olkaria, and pyrrhotite was not seen; by
contrast, hematite is much more videspread and
abundant than it is in New Zealand, Philippine and
Indonesian geothermal fields.

Most hydrothermal minerals form and vugs,

but some, commonly albite, quartz, calcite and
chlorite, also replace primary minerals and glass.
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OF CORE SAMPLES

16 16 1 7 17 17

Depth

P O

75.73

9

2 . 3 8

2 .

0.16

0.10

0.11

1.03

0.02

0.19

1.67

99.49

67.10

0.72

13.26

5.52

1.22

0 . 2 3

0.19

0.76

3.88

5.45

0.37

0.64

99.41

62.70

0.62

6.63

1 . 3 7

0.13

5.65

0.06

0 . 8 4

1.29

99.76

54.95

0.42

15.44

5.16

4.17

0 . 2 1

2 . 0 7

4.77

4.49

3

2.35

98.44

11.41

6.19

4.63

0.40

0.57

0.52

3.39

3.76

0.09

0.51

2.63

98.94

: incomple te a c i d d i g e s t i o n

were a n a l y s e d  u s i n g  X-Ray F l u o r e s c e n c e by

D r R. Parker ; and were d e t e r m i n e d us ing

w e t c h e m i s t r y by V i c k i Lockhar t ; b o t h o f t h e

U n i v e r s i t y  o f  Auckland.

R h y o l i t e lava . P o r p h y r i t i c and c o n t a i n i n g t o euhedra l- shaped
p h e n o c r y s t s  o f  q u a r t z and e u h e d r a l l a t h s (3.6 x o f d u s t y K- fe ldspar : p r e s e n t
a r e  c r y s t a l s  q u a r t z and a l b i t e p l u s rare and
The groundmass c o n s i s t s of q u a r t z ; minor p r e s e n t .

a. T r a c h y t e  l a v a .  C o n t a i n s  e u h e d r a l  p h e n o c r y s t s of f e l d s p a r ( a d u l a r i a
c a l c i c a l b i t e ) up to 2 . 5 long compr i s ing a b o u t of t h e rock i n f i n e- g r a i n e d ,

and o x i d i s e d minor € e - c h l o r i t e  p r e s e n t .  

a. P o r p h y r i t i c v i t h t o phenocrys t s Of
t o long , and p a r t o x i d i s e d less

obvious d u s t y occur i n m a t r i x of c r y s t a l l i n i t y
t h i s c o n s i s t s o f l a t h s o f f e l d s p a r suc jqes t s c a l c i c albite) w i t h i n t e r -

q u a r t z . No primary pyroxenes or amphiboles remain b u t hydro thermal c h l o r i t e IS
p r e s e n t .

B a s a l t Lava. A rock c o n t a i n i n g p h e n o c r y s t s p a r t l y
a l t e r e d p l a g i o c l a s e up t o 4 long and q u a r t z w i t h r e a c t i o n
r i m s o c c u r i n a groundmass o f p l a g i o c l a s e and m o s t l y o x i d i s c d fe r romagnes ian m i n e r a l s ,
i n c l u d i n g pyroxene. P l a g i o c l a s e p a r t l y a l t e r e d p r c h n i t e , rare a n h e d r a l sphene and
c h l o r i t e . Veins of q u a r t z , abundant e p i d o t e and K- fe ldspar .

T r a c h y t e A l t e r e d and s i l i c i f i e d v i t h b o t h p o t a s s i c and i o d i c f e l d s p a r :
v e i n s of q u a r t z and a d u l a r i a  p l u s  minor c h l o r i t e prcsc’n t .

Adularia occasionally forms veins but mainly
replaces either plagioclase o r primary K-feldspar;
in the latter case there is a near isochemical
transformation of sanidine or
clase to an optically and structurally different
phase (adularia).

The extent of in this part
of the field is much less than that of
most N e w Zealand systems, but the intensity of
alteration is similar to that of Kavah Kamojang,
Indonesia.

Subsurface Permeability Estimates

Estimates of subsurface permeability (ffgures 3
and 4) are based SOLELY upon the identify and
occurrence of the hydrothermal minerals
(especially the feldspars) which occur in the
cuttings; they result from past experience with
rocks from geothermal fields where the observed
alteration mineralogy can be related to measured
well and reservoir permeability and

Elders 1977; Browne 1984).
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The estimates do not take into account information 
or data from other such as the drilling
records or well tests. The permeability numbers 
assigned in the figures are fairly subjective and
the boundaries rather vague, being a balance
between the intensity and rank of alteration. Nor 
is the eleven point scale (0 - 10 in table
linear as a score of 8, for example, generally 
means that the rocks from their indicated depth 
will be more than twice as permeable as those from 
a depth with a score of only In other words
these numbers are only guides to relative
permeability

TABLE 2: RELATIONSHIP BETWEEN HYDROTHERMAL MINERAL-
OGY AND DEDUCED FOR BASALTIC

RHYOLITIC ROCKS OF EASTERN

Deduced Permea- Usual Mineralogy 
bility Score 
(arbitrary units) 

0
1

2

3

4

5

6

7

9

10

no hydrothermal minerals 
traces of
onite, pyrite, quartz.

primary feldspars fresh; ferro-
magnesian minerals partly 
altered

primary feldspars fresh; 
magnesians completely altered 

primary feldspars partly 
altered;
completely altered 

primary feldspars completely 
altered; minor hydrothermal 
albite

abundant hydrothermal albite;
matrix consists of hydro-
thermal minerals

abundant hydrothermal albite 
plus less adularia 

adularia with less albite 
adularia is the only feldspar 

present
adularia occurs throughout the 

rock in the matrix and as
phenocrysts

This scheme is modified to assign numerical permea-
bilities to trachytic rocks which often contain
appreciable amounts of primary K-feldspar.
Although primary K-feldspar (anorthoclase, ortho-
clase, or sanidine) recrystallises to adularia as
a result of interaction, this process 
requires only minor and local addition of potas-
sium with much less water through flow, lower
permeability than is needed for adularia to form,
for example, in less potassic rocks such as
basalts. For this reason in assigning permea-
bilities of trachytes I used the formula 
('score' from table 2) + 1. I think that this
admittedly arbitrary process allows for more 
realistic comparison between the of
different rock types within the reservoir. 

The observed hydrothermal alteration suggests the 
following with respect to permeability prevailing 
within the reservoir at the the
minerals formed.
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1.

2.

3.

The drillholes penetrate fairly similar alter-
ation sequences, but with some variations 
(figures 4 and This means that permea-
bility, within the area drilled, is dominantly 
a lateral feature for there is no evidence
that steep faults or other vertical, or near-
vertical, features with good permeability 
occur here; fluids thus ascend in
located outside the area enclosed by these
wells - an interpretation consistent with that 
of Grant and Whittome

There are marked differences in alteration of
lava chips, especially basalt labelled as

coming from the same locations; some cuttings
are intensively altered but others are almost 
fresh. Even allowing for some of the problems 
inherent in using cuttings this implies that 
within zones of higher lateral permeability, 
fluids must move via very narrow channels and 
do not pervade, nor perhaps everywhere even
fully saturate, the reservoir rocks. This

is also consistent with the
presence of numerous narrow veins (typically 
1-2 vide), although perhaps wider ones
would not be represented in the cuttings. The
genesis of such channels is uncertain but they
may be cooling joints, the very irregular open
boundaries between separated blocks in flow
breccias, contacts between lava flows, or
combinations of all three. Vesicles in some
of the basalt flows also form permeable
channels where they are connected, but many
porous rocks have low permeability.

None of the drillholes encountered very high,
widespread permeability, such as that which
occurs in the best bores in New Zealand or the

Very impermeable rocks occur 
to a depth of about (figures 4 and

5); only very locally in Wells 2 and 6)
above this depth is there even slight permea-
bility. Consequently, in my opinion, no
useful production has been lost by installing
production casing in any of these wells to a 
depth of

However, except in only a few places, most 
rocks occurring below about have allowed 
at least some fluid to flow through them 
(figures 4 and 5). Comparison of these
figures with those showing the 
(figures and 3) suggests that there is not a
very strong correlation between rock type and
permeability although in most drillholes the 
pyroclastic units are the most permeable; 
unfortunately these are mainly thin and
probably not able to provide sustained produc-
tion. The basalt lava flows occurring between 
about 500 and usually also have good 
permeability but some must also locally, at 
least, inhibit movement of thermal fluids.
The deeper lava flows have varying, but at 
best only moderate, permeability, and some of
the rhyolites are indicated to be tight. 

Pre-Drilling Temperatures 

cuttings do not contain minerals which 
can be used to deduce prevailing or past
thermal condit ions, although the observed 
general hydrothermal alteration clearly shows 
that the fluids were hotter than 
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FIGURE 4: Subsurface of a NW-SE section through 
Olkaria Geothermal Field based upon observed
hydrothermal alteration of cuttings: section
line shown in Figure

the with which they came into contact. It 
is especially difficult to estimate the pre-
drilling temperatures in the shallowest or so
of the Olkaria reservoir, although in places
zeolite and some clay minerals occur. Hany
cuttings below this depth contain hydrated
hydrothermal minerals (vairakite, epidote, 
prchnite, illite) that can be used to deduce their 
formation temperatures.

In most wells, downhole alteration indicates that
there a fairly steep geothermal gradient down
to about below which depth there is either
only a slight temperature increase to well bottom
or one, and perhaps even more, temperature

Epidote vas First recognised in the
cuttings from ten wells at the following depths:
Well 2, Well 3 Well Well 6,

Well 8, Well 10, Well 11,
Well 12, and Well 13, This indi-
cates the approximate location of the pre-drilling

isotherm (figure but since epidote (and
calcite) are absent in many deeper cuttings, it is
likely 'that thermal reversals were (are) typical
features of this part of the Olkaria reservoir.
This interpretation is consistent with the earlier 
expressed opinion that fluid here moves laterally.

The distribution of epidote (figure however,
suggests that the hottest part of the field is its
northwest sector and the vicinity of Well 2;
the coldest Indicated temperatures occur to the 
southeast, in the direction of Well 13.

Fluid Composition

The hydrothermal minerals present the cuttings
show that:

The altering fluid is (or was) near neutral
alkali chloride water; only very locally
well 12, was there sufficient for
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sulphate minerals to deposit. There is no
evidence for the presence of

either a vapour only or a condensate tone,
except at the very shallowest depths.
However, boiling and two phase conditions
probably occur where calcite is most abundant;
(see next section). The irregular
distribution of minor fluorite may be due to
mixing of fluids with different salinities
(including descending rain water) (Richardson

Holland, 1979). In places, however, the
vaters are locally saturated, or

vith respect to The
concentration of calcium in solution is also
affected, or controlled, by the presence of
other calcium of which there are many
in the Olkaria cuttings. By considering the
system at, say 2600
(Figure 7) it is possible to estimate the
activities of the ions, vith
respect to present the altering fluid;
thus the is about and the

is about In a
from figure the of the fluid

0

3

Figure 6: Depth to the shallowest occurrences of
epidote in Olkaria well cuttings (note:
samples from Well 4 were not examined).
Contours in metres.

2a.

4

calculations by I Bogie (pers
based upon reported chemical analyses

for Na, and Ca in the Olkaria waters and
using measured discharge enthalpies, show that
the deep water a of 0.5
very close to neutral at 2600); where boiling

places the fluid vould, of course,
become more alkaline due to loss of carbon
dioxide.

The concentration of carbon dioxide dissolved
in the deep Olkaria fluid is very low, perhaps
only about, or less than, 0.01 moles;
this' indicated by the presence of
calc-silicate epidote,
sphene, laumontite, and prehnite,
plus the almost complete absence of calcite in
cuttings recovered from below a depth of about

calcite occurs in many
shallower samples, in one, or
distinct the field and

The tone is thinnest in the
northwest (about and towards the
northvest Calcite may precipitate
either where thermal fluids are heated or else
lose both non-corroded primary and

quartz also occur in the calcite
zones, it is likely that fluids here are
cooling rather than heating, it loss
which causes calcite to precipitate.
Therefore the calcite horizons are interpreted
as zones where two phase conditions prevail,
and here C02 gently separates from south east
moving f

Pyrite occurs very small amounts in
many Olkaria cuttings, but the mineral is

abundant nor widespread compared vith
its occurrence In many geothermal fields, for
example Wairakei and Broadlands; by contrast,
iron oxides are very abundant at Olkaria
although they are uncommon in active
geothermal fields. The apparent of
primary magnetite and the widespread
butiou of secondary hematite

silicates allows estimates of the concen-
trations of some gases in the deep



thermal f l u i d using the s t a b i l i t y diagrams o f , €or
example, Ciggenbach (1980) and bben (1979). Thus,
t h e oxygen fugaci ty a t of t he  O lka r i a  f l u i d
deduced from t he a l t e r a t i o n mineralogy, about
bar and its sulphur fugac i t y bar.

A t a s l i g h t l y lower temperature the deduced
concent ra t ions of d isso lved and i n t h e
wa te r s are about and ba r s  r e spec t i ve ly ,  

w e l l below mineralogical- based p red i c t i ons f o r
t h e i r va lues i n t h e New Zealand f i e l d s (

0.1 bars) .

F igure 7a: Phase diagram f o r potassium and
calcium minera ls i n terms of ion a c t i v i t y
a t 2600 wi th qua r t z present ; moles.
Circle p l o t s l o c a t i o n of deep Olkaria
waters es t imated from t h e hydrothermal
minerals observed i n t h e  c u t t i n g s ;  t h e  
l oca t i on of Broadlands waters (+) is
shown f o r comparison.

potassium under the same cond i t i ons a s
those shown i n Figure ?a .

Figure 7b: Phase diagram sodium and 

Temporal Changes v i t h i n the  Olkar ia  Reservoir

The age the geothermal f i e l d a t O lka r i a is not

known but the r e is evidence t h a t , dur ing i t s l i f e , the
thermal a c t i v i t y has changed both i n l o c a t i o n and
cha rac t e r . Evidence €or t h i s inc ludes :

( a ) The occurrence of secondary qua r t z and o the r
minerals which l i n e j o i n t s i n dykes

exposed w i t h i n ( H e l l ' s Gate)
Gorge; a t time the pas t these dykes

c l e a r l y f l u i d channels. I n t u i t i v e l y one

would t h a t the in t ru s ion and erupt
l a v a s (such would
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Seve ra l c u t t i n g ch ip s conta in hydrothermal
minera ls zoned wi th in veins and vugs whose
t e x t u r e s a r e due t o phys ica l changes wi th in the
r e s e r v o i r al though when these changes took place
is not known. For example, i n some places a
temperature z e o l i t e (mordenite) i s preserved , i n
what a r e now much h o t t e r zones, by having become
encased wi th in calcite deposited a t a later t i m e .

I n spec t i on of t h e temperature p r o f i l e s of some
wells shows, f o r example, t h a t  t h e  a l t e r a t i o n
deduced temperature a t 640m i n Well 2 is

h o t t e r than t h a t measured I n Well 6
a t was 2350, and a t
compared wi th a of a t both depths;  
t h e r e is a l s o a b i g d i f f e r ence between of
2650 and of 2260 at Well 8. By
c o n t r a s t , comparison a t and for Well
9 , 3 and perhaps a l s o 5 ,  sugges ts t h a t rocks
encountered the se wells are s t a b l e
a l though s l i g h t l y h o t t e r than a t
t h e deeper l e v e l s i n Well 10.
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