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ABSTRACT

Thermal spr ings i n New Caledonia are overa l l t y p i c a l
o f low temperature, deep c i r c u l a t i o n geothermal
systems, w i t h 1ow f low ra tes and a 1 ow d i ssol ved
so l i ds content. They appear t o be associated w i t h
f a u l t i n g and occur i n two l o c a l i t i e s , one near the
cent ra l east coast and one i n the south-east o f the
is land.  Stable isotope data show the waters t o be
e s s e n t i a l l y o f meteoric
experienced low temperature rock-water reactions.
Chemical analyses also suggest some deep mixing
of sa l i ne groundwater i n the northern group o f
springs and an appreciable seawater content i n the
south-eastern group i n Prony Bay. Chemical
thermometers suggest t h a t a maximum subsurface
equi 1ib r i temperature of may ex i
Computer ca l cu la t i on o f AG values shows the
northern spr ing waters t o be saturated wi th s i l i c a ,
probably chalcedony, which may be the white encrus-
t a t i o n being deposited.
chemical ly d i f f e r e n t and deposit ion from them i s
greater, cons is t ing o f subaerial terraces l a rge l y

and submarine formations composed
of p lus

o r i g i n and t o have

The southern springs are

GEOLOGICAL SUMMARY

New Caledonia i s s i tua ted i n the S.W. Pac i f i c
between and (see Fig. 1).
elongate i s l and , 400 km i n length and 40 km wide.

o f the i s l a n d i s mountainous wi th f l a t areas
l a r g e l y r e s t r i c t e d t o the west coast. The base-
ment i s formed o f a va r i e t y o f metamorphic and

gneous rocks, ranging i n age from an t o M i ocene,
t h r u s t over which are u l t ramaf ic rocks, covering
t h i r d of the is land. These u l t ramaf ic rocks,
1arge ly harzburgi tes wi th minor dunite and pyroxeni t e
are d i s t r i b u t e d over the length o f the i s l and and
are be l ieved t o represent r e l i c s o f a former u l t r a -
mafic sheet (Fig. 2). Their base i s marked by a
t h i c k (100 - zone o f s t rong ly sheared and
myloni t i s e d serpent in i tes which represent a major
d i scon t i nu i t y (Routhier, 1953; Gui l lon, 1975).
Serpent in isa t ion i s usua l l y moderate except f o r a t
the base o f the mass and along f a u l t s (Pr inzhof fe r
e t a l . , 1980).

I t i s an

The u l t ramaf ic masses and associated t h o l e i i t i c
basa l ts are general ly  considered t o be a composite
s lab of oceanic c rus t and upper mantle which has
t e c t o n i c a l l y overr idden a s i a l i c cont inenta l edge
segment (Rodgers, 1976; Pr inzhof fe r e t ., 1980).
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Fig. 1. o f New Caledonia

Emplacement o f the u l t ramaf ic mass onto the segment
was probably by th rus t ing from the north-east, i n
a s ing le event (Gui l lon, 1975).
t h rus t i ng has been dated a t Late Eocene on s t r a t i -
graphic evidence (Par is e t ., 1979) , and i t s
emplacement was fol lowed by i t s i n t r u s i o n
by g r a n i t i c magma from basement fau l t s .
i n t r u s i v e f e l s i c rocks are present i n both the
massifs as we l l as i n the under ly ing
formations (Gui l lon, 1975; Rodgers, 1976).

The age of the

These

The s t r i k e o f the s t r a t a and o f major f o l d axes
general ly f o l l ow the elongation o f t he  i s l and  and
s t r a t a from Permian t o Eocene age are s t rong ly
folded and i n places overturned and overthrust .
The ax ia l zone o f the i s l and can be bas i ca l l y
regarded as a complex a n t i c l i n a l b e l t formed o f
an "undi f ferent iated" group o f Permian, Tr iass ic
and urassic greywackes and shal es which have
experienced low-grade metamorphism and which are
associated w i t h p a r t l y metamorphosed C retaceous
beds ( L i l l i e and Brothers, 1969).

The north-western b e l t o f t ramaf ics consists  
l a rge l y of p e r i d o t i t e masses perched on pre-
Oligocene rocks; the cent ra l b e l t i s formed o f
masses, o r lenses, i n t r ud ing the basement



454

Cox e t a l .

and ranging from several metres, t o
in length, and i s

l i m i t e d i n development (Rodgers, 1976).
west, the base o f the u l t ramaf ic complex i s h o r i -
zonta l , b u t i n the centra l b e l t the base dips

NNE and fu r t he r t o the NE, the d ip progressively
increases, reaching on the centra l  east  coast

on, 1975). Here, a pos i t i ve  g rav i t y  anomaly
(150-170 m ga l ) was measured i n the coastal region
north-east o f Canal a (Crenn, 1953) and ind ica tes
the possib le root, o r deep-seated extension, o f the
eastern u l t ramaf i c be l t . south-eastern u l t r a -
mafic b e l t i s dominated by the vast Massif du Sud.

I n the

The u l t r ama f i c massifs can be d iv ided i n t o two parts
(Routhier, 1953; Guil lon, 1975): (1) The main
mass, a t h i c k p i l e o f harzburgites, i n which
numerous in te r ca la t i ons o f dunites and pyroxenites ,
as wel l as podiform lenses o f chromite , are present.
These rocks produce a general l y 1 oped
layer ing , notably i n the upper par ts o f the mass.
Disseminated and Cu sulphides and nat ive metals
occur i n places i n the pyroxene r i c h rocks and
zoning w i t h i n the mass produces an increase i n Cu
and sulphide minera l i sa t ion towards the lower par t .
The u l t r ama f i c rocks are depleted i n Na, K and Ca.
(2 ) The second l i t h o l o g i c a l u n i t consists o f
gabbro bodies which cu t through the layer ing o f the
main u l t r ama f i c mass.
are widespread i n the pyroxene r i c h rocks o f the
t r a n s i t i o n zones between dunites and gabbros.

Magnetite and Cu-Fe sulphi des

DESCRIPTIONS OF SPRING LOCATIONS

Thermal springs occur w i t h i n two areas i n the south-
eastern h a l f o f the is land: around 10 km from the
east coast i n the area between Thio and Canala and
w i t h i n Prony Bay a t south-east o f the is land.
There are also several seepages o f sulphurous,
ambient temperature water w i t h i n the Thio and
Canala region (Fig. 2).

Springs o.f the Thio-Canala area

These springs are d i s t r i b u t e d over a 35 km zone
which p a r a l l e l s the s t r i k e o f t he  i s l and  and d is-
charge from formations o f metamorphi c and associated
volcanic rocks a t e levat ions o f from 20 t o 55 m.
The springs occur w i t h i n an area through which major
NW-trending s t ruc tu ra l  l i nea t i ons  pass and w i t h
which are associated serpenti t e lenses, s i 1 -
cat ion and meta l l i fe rous  minera l i sa t ion .  

I n the Valley, two discharges have been des-
cr ibed (Lozes and Yerle, 1976).
sulphurous springs on a t r i b u t a r y o f the Kouare
are seepages o f water i n t o a swamp, and from
the bottom o f a stream. Several springs discharge
from Mesozoic shales near a t r i b u t a r y o f Fanama
River, about 3 km from the junc t i on wi th the Thio
River. The main spr ing has a f low o f approximately
0.5 i n t o a 2 m diameter pool, a t a temperature
o f Gas bubbles were observed r i s i n g from

The

massifs Tholeiitic basalt Calc-alkaline rocks..
serpentinites

Springs T o w n s

Fig. 2. Out l ine geology map o f New Caledonia wi th de ta i l s o f
Thermal Springs ( a f t e r Guil
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o f the pool, and there i s a f a i n t su l-
phurous odour; algae and a white encrustat ion have
formed around the pool and channel. These
springs appear t o discharge from a NNE-trending
f a u l t . There are two seepages near
spring, about 3 km east o f v i l l age , i s
warm of low f low and discharges from the
base of the stream bank. This spr ing a lso has a 
sulphurous odour and deposits a white mater ia l i n
f low channels (Lozes and Yerle, 1976). On
Creek, a t r i b u t a r y o f stream i s a cool,
sulphurous seepage from shales. Addi t ional cool
seepages o f l i m i t e d f low and w i th abundant a lga l
growth have been reported t o discharge from a l l
v i a l deposits o f Cretaceous shales near Canala
v i l l age .

The la rges t of springs i n New Caledonia occurs 
near the junc t i on o f the Crouen and Rivers,
about 7 km SW o f Canala.
d iv ided i n t o two groups; the low temperature
springs near t h e i r junct ion, and the h o t t e r springs
o f Val P i e r r e t t e 1.5 km upstream i n the Crouen
River.
seepages beside the r i v e r s and appear t o discharge
from f a u l t s which the r i v e r s fo l low. The f low
ra tes are a l l 0.1 1 and the temperatures

Crouen River ( E l l ) , had a f low o f 0.05
These springs a l l discharge from a sequence of
Permian - T r i ass i c and Jurassic greywacke and
shales w i t h interbedded and emit a
f a i n t odour o f Probably the best known
thermal springs i n New Caledonia are those o f Val
P ie r re t te . Here are about fourteen natura l  d is-
charges w i t h i n a depression along a zone o f
weathered and sheared shales, a t an e leva t ion o f
26 t o 28 m.
the t o t a l discharge was estimated a t
(Koch, 1958).
discharge pools and an odour and tas te o f are
present.
t h i s group and most springs now discharge i n t o
pipes feeding thermal baths. 

These springs can be

The former, consist o f fourteen separate

range t o 276C. The spr ing sampled,

The temperatures are t o and

Gas bubbles are abundant i n the

A hea l th spa has been constructed i n

P y r i t e and chalcopyr i te are i n the numerous
quartz veins and s i 1i breccias whi ch border
the u l t ramaf ic formations t o the nor th o f these
springs, and s t ibni t e , chalcopyr i te and scheel t e
occur i n the Nakhty-Canala area (Gui1 1975).

ssemi nated su l phi des so occur i n the pe r i do t i t es
adjacent t o the Crouen-Nhgropo springs. Quartz 
veins vary from several m i l l imet res t o 0.4 m t h i ck ,
many w i t h a N-S trend, and are associated w i t h i n -
tense mylonis a t i on o f the greywackes (Koch, 1958).
Koch ( 1958) consi ders t ha t the secondary mineral -
sa t ion here may be associated wi th an i n t r u s i v e
mass o f d i o r i t e and granodior i te , and notes the
va r i e t y o f sulphide minerals t ha t occur both wi th-
i n the veins as we l l as the volcanics and associated
sedimentary rocks. The Thi o-Canal a are
per ipheral t o the posi t ive gravi t y anomaly (Crenn,

and both these springs and those o f Prony
Bay occur w i t h i n a g rav i t y low 90-100 m ga l )
which roughly fo l lows the axis o f the is land .

Springs o f Proriy Bay

I n Prony Bay a t the south-east end of the i s l and
there are three thermal spr ing l o c a l i t i e s . To the
north-east o f the bay, adjacent t o of the
Kaoris ,River, water discharges from l a t e r i t e s
over ly ing the gabbro r i v e r bank and forms a t raver-
t i n e terrace 20 m i n length. Seepages and small
"stalagmite" structures occur below high tide on
the adjacent beach. The t o t a l discharge i s e s t i -
mated a t 0.2 I n the west o f Prony Bay
thermal seepages are la rge l y below the high t i d e
leve l i n Bay.
f low o f around 0.17 and has formed small
t r ave r t i ne terraces. A fu r t he r thermal water
discharge, Roc A igu i l l e , occurs on the f l o o r o f
Prony Bay a t a depth o f 38 m. Deposit ion from
t h i s spr ing has b u i l t a unique v e r t i c a l s t ructure
35 m i n height, w i t h i n which thermal water flows i n
narrow pipes, enabling continued growth. The
temperature o f discharge o f these waters i s e s t i -
mated t o approximate the others of Prony Bay
(Launay 1981).

The water i s w i th a

Greater than 80%of the region surrounding Prony
Bay i s covered by u l t ramaf ic rocks.
predominantly p a r t i a l l y serpentinised harzburgi tes
w i t h a dunite-chromi te-gabbro core (Rodgers , 1976).
The u l t ramaf ic mass here i s r e l a t i v e l y t h i n , 1-3 km,
w i t h general ly f l a t l y i n g f o l i a t i o n and N-S trending
l i nea t i on , and the basal contact o f the mass i s
a lso hor izonta l (Prinzhoffer e t al. , 1980). The
loca t ions of the springs appear t o be associated
w i t h the intersect ions between several sets o f NW
and NE trending faul ts ; considering t h i s and the
chemical s i m i l a r i t i e s o f these springs i t i s
1ike l y  t ha t  these f a u l t s are hydro log ica l l y
connected.

These are

CHEMISTRY OF THE WATERS

As can be seen from the analyses of spr ing waters
(Table 1) a l l the thermal waters sampled are
a lka l ine , those from the Thio-Canala area having a

o f 8 and those from Prony Bay, a 11.
During sampling f o r  t h i s  study i t was not possible
t o sample the springs a t
because o f t h e i r l i m i t e d o r n i l flow. This
behaviour suggests the importance o f r a i n f a l l and
groundwater l eve l s fo r a t l eas t some of the minor
seepages, espec ia l l y those of ambient 

The t r i l i n e a r diagram (Fig. 3) shows the  var ia t ions  
i n chemical type of the waters. Most meteoric
waters w i t h i n the Massif du Sud are of type
as demonstrated by shallow groundwater and ( lee-
ward) r i v e r water (12, 13). The Kaoris and

River waters (10, 11) are of
type and i n Fig. 3 p l o t near average (windward)
r a i n which i s o f type. This
s i m i l a r i t y may be due t o the amount o f d i r e c t
p rec ip it a t i on i n the ver waters, though i o n i c
exchange o f Ca f o r may have taken place. For

1 these river and groundwaters rap i d d isso lu t ion
o f Mg from the u l t ramaf ic rocks and t h e i r weathered
products i s l i k e l y .
from the metamorphic and volcanic rocks are avai lable
but presumably the Mg content would be lower.

No analyses of r i v e r water
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The thermal waters from the Thio-Canala area are a l l
similar; those a t Val of Na-HCO type,
the Crauen River ( E l 1 ) spring of Na-HCO type
and the Fanama spring of type. HCO
of the Crouen waters (approximate only) i s l ike-
l y due to mixing of cool groundwater, although bubbl-
i n g within the pools the presence of
w i t h i n the system. The predominant composi
ion of these springs suggests subsurface mixing
w i t h deep saline groundwater. The form of discharge,
and composition of these waters a re typical of deep
circulation warm water systems, which usually have
d i lu te waters and slow rates of migra t-
ion.

The Prony Bay thermal waters are somewhat di f ferent
chemically, and are of type. Launay (1981)
also notes a OH- content of 22 which i s i n
agreement w i t h the i r of 11. The NaCl component
i s bel ieved to largely resul t from nearsurface mix-
i n g w i t h in f i l t r a t ing seawater, as well as ocean-
derived cycl ic s a l t s within precipation. However,
the Ca component would appear to be largely derived
from the rocks (possibly including Eocene 1 imestone) 
through which the waters have migrated. A comparis-

on of the i r chemistry to r iver and groundwater sugg-
es t s  tha t  the Mg content of the recharging ground-
water has been replaced by Ca. T h i s could be by
ionic exchange w i t h minerals w i t h i n the ultramafic 
mass, b u t i t is also l ikely t h a t Ca is dissolved
from rocks due to conductive cooling of the waters
as they ascend and result ing undersaturation w i t h
respect t o calc i te . Such dissolution of Ca would be
enhanced i f dissolved is l o s t from the deep
waters d u r i n g ascent and there is an increase i n

Most reports of the Thio-Canala springs refer to
the i r sulphurous odour and tas t e . Overall, the
measured concentrations i n these thermal waters
are low and do not suggest a h i g h content, how-
ever, an early s e t of analyses fo r Val Pierrette

reported to ta l sulphur as 3.52
and sulphur as H S as 2.24 Considering the low
total dissolved SO values such as
14 fo r the Crouen River ( E l f ) s p r i n g and the
concentrations of sulphur reported above are of
significance and presumably re f l ec t the comnon
occurrence of s u l p h i d e minerals within the area.

The subsurface temperatures estimated by chemical

TABLE 1
Chemical Analyses of Thermal and Other Waters

1 Val P i e r r e t t e 1 42

2 P i e r r e t t e 2 42

3 Val P i e r r e t t e 43 9 . 0

4 La 25

5 Fanama 32

6 Fanama 31.5 8 . 0

7 K a o r i s 32 11"

8 K a o r i s 32 10.5

40

10 K a o r i s R i v e r 23

11 Rive r 24

12 du Prony 20 7 . 5

13 Dumbea R i v e r 22 7 . 8

14 Av. Rain Prony 6 . 2

4 9 1.4

4 8 1.4

20 .3 b l d

55 .4 1 . 9

99 .5 1 .4

108.6 1 . 1

1.3

19 .2 1 . 2

34.4 3 . 9

6 .5

6 . 0

2.86 0 . 0 8

1.5 0 . 0 8

1 .3 0 . 2

15 Av. Seawa te r 8 . 3 10500 380

1.2 0.04 10 54 .4 2

1 . 2 0.02 12.4 53.5 5

3.7 0 .95 30.2 75 .1 4 . 2

1.0 0.2 12 .2 6 0 14

2 .3 1.5 21.4 26.5 0 . 3

3.3 2 .5 28.5

22 tr 10 tr

15 0.4 24 8 .5 2

1 8 . 2 34 1.9 t r

6 .0 11 7 . 0 tr

8 .0 10 13 tr

0.18 9.7 11.7 1 2 . 9 3.2

0.68 1 2 . 8 6 . 3 1 4 . 3 3.7

1 .9 0 . 5 5 . 1 t r tr

1

7 . 1

0 .3

26

36 .5

43

7 0 . 2

24.9

4 0 0 1300 19000 6 2650 158

1.7 15 0 . 8 2.6 12.5 2.0

0 .6 7 0.7 2 .8 46 4.2

t r

6 . 2 0 . 8 3 42 4.3

7 .7 11 0 . 8 3.2 1 9 1.6

0 . 2 6 . 2 0.6 0.7 2 1 0.3

a n a l y s i s by Hawaii

3 : c a l c u l a t e d from Bontemps ( 1 9 4 9 ) . b l d : below l i m i t of d e t e c t i o n

6 : c a l c u l a t e d from Lozes and Yerle ( 1 9 7 6 ) t r : t r a c e amount

: Launay ( 1 9 8 1 ) : t aken i n field, o t h e r w i s e a t
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undersaturation of the waters w i t h amorphous
None of these geothermometers are suited to the
chemistry of the Prony Bay thermal waters.

DEPOSITS FROM SPRING WATERS

Fig. 3 . Tri l iner diagram showing chemical types of
thermal and other waters. The top diamond demonstr-
ates the groupings of, meteoric water, Thio-Canala
and Prony Bay thermal waters. I t is not known wheth-
er the 1949 analysis of shows a change i n water
composition, or re su l t s from analytical methods.

geothermometers are shown i n Table 2. These
rmometers are, however, not well suited to low temp-
erature springs of low flow, b u t do provide an app-
roximation of equilibrium temperatures. For the
Crouen springs the quartz 
e r provides a temperature of C, the chalced-
ony and geothermometers 80 C and the
method 90 C. A s l igh t ly lower temperature i s indic-
ated fo r the Fanama waters. The fac t  tha t  the quartz

provides a higher temperature than
the a lka l i geothermometers suggests tha t  fo r  these
springs the chalcedony geothermometer may be approp-
r i a t e . The theoretical free-energy calculations
below, also indicate the Crouen thermal waters to be
saturated w i t h respect to chalcedony. As chal cedony
has a higher so lub i l i ty a t lower temperature than
quartz i t is more l ike ly  to  be the equilibrium

mineral under the existing low temperature
conditions. The c r i stobal i te-A geothermometer gives
low temperatures; the amorphous
ometer gives negative values, i n agreement w i t h the

TABLE 2.

Chemical Geothermometers

Chalcedony =

Val P i e r r e t t e 1 106

2 Val P l e r r e t t e 2 106

3 Val P i e r r e t t e 122

Crouen 111

5 Fanama 75

76

75

94

81

43

7 3

74

86

31

88

88

105

81

Many of the springs in the Thio-Canala region dep-
o s i t a t h i n white encrustation around discharge
pools, which Avias (1949) suggested may be anhyd-
r i t e . Unfortunately, none of tha t material was
sampled during this study, b u t assessment of the
water chemistry indicates that i t i s unlikely to

considering the low concentrations of Ca
and SO
probabfy a conclusion which i s reinforced
by Table 3 in which the Gibbs free-energy differ-
ence ( A G ) i s calculated by the computer programme
SOLMNEQ (Kharaka and The free energy
difference between the actual and equilibrium sta tes
fo r a given reaction indicates the degree of satur-
ation of the solution w i t h respect to a specific
solid and provides an indication of which mineral
species may be present.

i n these waters. We suggest tha t i t i s

The Thio-Canala thermal waters are indicated t o be
supersaturated w i t h most mineral s, notably
quartz, chalcedony and cristobalite-A, and are under-
saturated with respect to amorphous s i l i c a . Also
shown i s tha t the thermal waters are well undersat-
urated w i t h the minerals anhydrite and gypsum.
T h i s h i g h proportion of s i l i c a i n the thermal waters
i s presumably due to the presence of f e l s i c volcan-
i c rocks and the abundant s i l i c i f i ca t ion within the
T h i o-Canal a area. The 1ow tempera tures of the geo-
thermal system and the correlation between chalced-
ony and kal geothermometers suggest that
i n the form of chalcedony i s the most l ike ly

to deposit.

Substantial amounts of secondary minerals are being
deposited by the Prony Bay springs. Typically, these
springs deposit the CaCO minerals ca lc i t e and arag-
oni te under subaerial tions, and where they
discharge into seawater deposit bruci t e
aragonite, ca lc i te and burbankite ( Q (CO

REE) (Launay, 1981) . These two of
deposition can be observed a t the and
Kaoris loca l i t i e s , where above the h i g h t ide level
(on shore a t Kaoris) and aragonite deposit,
and below i t a terrace (Carenage) and "stalagmites"
of brucite are submarine structure of
Roc Aiguille growing from the f loor of Prony Bay
i s predominantly brucite w i t h aragonite, ca lc i te
and burbankite.

The formation of subaerial CaCO appears to involve
of atmospheric CO the CO -depleted

Ca OH- waters; submarine of and
CaCO appears t o be of reaction of the

waters w i t h Mg
possibly accelerated by the in temperature.
Such a process for brucite formation i s suqqested
by the G calculations for the Kaoris and
s p r i n g waters which show them to be undersaturated
w i t h to brucite, b u t mixing of
the Ca OH water extracts ions f r o m seawater
precipitat ing

and i n seawater,
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Gibbs Free Energy Di f ference ( A G )

Mineral Val P i e r r - Val Crouen Fanama Kaor is Carenage
e t t e 1 e t t e 2

( K i l es)

Quar tz 0.96
Chalced. 0.42

0.15

Aragon. -3.75
Cal t e -3.68

Gypsum -6.49
Bruci t e -7.51

t e 87.75
cu 7.88 

2.60
30.13

Cu 39.16
cus 13.14
Hematite 2.76
Fe 0 4.87

40.35
Geothite 1.46

60.74
14.35
12.50

0.98
0.44
0.16

-0.32
-3.74
-3.67
-5.99
-5.93
-9.11
85.51

7.07

1.30
0.71
0.45

-0.01
-2.82
-2.76
-5.42
-5.13
-7.05

0.71
0.14

-0.1 2 
-0.59
-2.81
-2.75
-7.34
-7.14
-6.50

-0.1 1 
-0.73
-0.99
-1.43

-4.78
-4.24
-2.70

-1.52
-2.15
-2.41
-2.85

-5.98
-5.45
-1.54

The thermodynamic proper t ies o f t h e thermal waters 
i n t h e Thio-Canala area i n d i c a t e t h a t they have t h e
p o t e n t i a l t o be supersaturated w i t h a v a r i e t y o f met-
a l l i c minerals, no tab ly Cu and Fe, b u t  a l s o  Mn, Pb
and Zn. (Sulphide mineral c a l c u l a t i o n s  a r e  an approx-
imat ion o n l y as they use the H S value (2.24
o f Bontemps (1949)).  This i s compatible
w i t h the common occurrence o f m e t a l l i f e r o u s minera l-
i s a t i o n i n the Thio-Canala area, and i t i s poss ib le
t h a t i n the  depos i t i ng  ( ? ) s i l i c e o u s  s i n t e r s  some
concentrat ion o f base metals may occur. Such a s i t u -
a t i o n does not, however, appear t o be the case f o r
the Prony Bay deposits, al though the t r a c e metal
contents o f those waters a r e o n l y s l i g h t l y lower than
the Thio-Canala waters (Table 1 ) . The f o l l o w i n g anal-
yses a r e the means o f three samples o f Roc A i g u i l l e
mate r ia l ( i n ppb):

and

STABLE ISOTOPES

Determinat ions o f r a t i o s o f s t a b l e isotopes o f oxy-
gen and hydrogen were made f o r thermal spr ing waters
from Val P i e r r e t t e (1 Crouen River  (4)  and Fanama
(5) (F ig. 4 ) . These data confirm the  spr ing  waters
as being o f meteoric o r i g i n and they f a l l along a
meteoric water l i n e w i t h a slope o f a i n t -
e rcep t o f + 16%. Although no determinat ions were
made o f r i v e r water from t h i s area, they a r e l i k e l y
t o be very s i m i l a r  i s o t o p i c a l l y  t o t h e thermal waters.
No s i g n i f i c a n t enrichment i n i s i n d i c a t e d  f o r  
the thermal waters, the o n l y displacement from the
meteor ic water l i n e being o f 0.1% f o r Val P i e r r -
e t t e ( 1 ) . This, and the r a t i o s tend t o con-
firm the low magnitude of subsurface temperatures 
t h e waters have experienced. Although these
are i n d i c a t e d t o be o f small throughput, t h e
oxygen s h i f t a l s o suggests t h a t i t i s an o l d system
i n which e q u i l i b r i u m between rock and m i g r a t i n g
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Fig. P l o t of s t a b l e iso tope r a t i o s and
fo r Crouen and Fanama thermal waters,
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water

The for €he Fanama waters are sli-
ghtly 'different from those of
area springs have average values of =
and = These more depleted isotopic values
for the Fanama waters are i n agreement w i t h the low-
er ated geothermometer temperatures fo r the
Fanama system, b u t i t is somewhat anomalous tha t
the waters have a higher content t h a n the
en springs (Fig.4). However, as €he water chemistry
suggests some mixing of sa l ine ,
isotopic ightness" of the water suggests a part ly
di f ferent catchment area t o the

DISCUSSION AND CONCLUSIONS

The geochemical data indicate the thermal waters
be .essential ly of meteoric o r ig in and have the char-
acteristics of many low temperature geothermal
stems. Geological data suggests t h a t the waters
migrate largely v ia structural permeability such as
f a u l t s and shear zones, and possibly fol ia t ion perm-
eabi l i ty . I t is also wor th noting tha t many f a u l t s
are steeply inclined and a l l springs are w i t h i n
topographic 1ows.

L i t t l e i s known of the geothermal gradient i n New
edonia and consequently the circulation history 

of the water. the resul ts of this study
indicate that the water has probably experienced
f a i r l y deep circulation and rock-water exchange
reactions a t re la t ive ly low temperatures. Using a

above average crustal geothermal gradient
a depth of circulation of 2 km can be

estimated f o r the Crouen springs. Assuming
groundwater conditions and sal ine ground-

water underlying the basal fresh groundwater, a t
explanation the c o n t e n t

of the Thio-Canala springs.

The Thio-Canala thermal waters to ci rcula te
only w i t h i n metamorphic and volcanic
rocks, and the abundance of fe l s i c rocks and
s i l i f i c a t i o n is a reasonable explanation f o r the
proportionally higher i n these waters. The
Prony Bay thermal waters ci rcula te  ent i re ly  
w i t h i n the ultramafic mass (and associcated 1imestones)
and migrate through f a u l t s from near i ts base t o
discharge a t sealevel, a feas ib le explanation fo r
their low content. Although solids deposit from
thermal i n both groups of springs, the greater 
abundance from the Prony Bay springs and t h e i r
character is t ic chemistry appear t o be due to the
dif ferent 1i thologies through which these thermal
waters migrate a s well as their discharge in to
seawater .
There are several possibil i t ies for the source of
heat t o the thermal waters. The most reasonable
would appear to be a s l ightly elevated geothermal
gradient result ing from remnant heat i n tectonically
uplif ted crustal  material o r from the tectonism
tsel f .

thermal water systems suggest that they are i n
the waning stage.
however, whether during geologically younger periods
w i t h a much higher geothermal i f

could been

The character is t ics of the New Caledonian

I t is interesting to speculate,

some of the quartz veins and associated
base metals as seen i n the Thio-Canala
area.
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