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Abstract
Gypsum crystals occur in Vertisols on the west coast of New Caledonia. These soils are derived
from the weathering of basic rocks that contain no gypsum. The sulphur isotopic ratio 34S/32Swas
~ s made on
used as tracer to identify the origin of the gypsum. A total of 26 measurements of 1 3 ~were
gypsum crystals from the Vertisols and compared to those of continental sulphates and to marine
gypsum in tidal flats. The S34S value of the crystals located in New Caledonian Vertisols decreases
with increasing distance from the coast. This suggests that the gypsum in the Vertisols comes from
two sources: an oceanic source where the major part of the sulphur is introduced by atmospheric
precipitation, and a continental source where sulphides disseminated in various subsurface deposits
are oxidized. Gypsum from atmospheric precipitation penetrates the Vertisols through vertical cracks
that probably formed in dry seasons during the last glacial period.

1. Introduction
The west coast of New Caledonia, which has a dry, subtropical, oceanic climate presents
many topographically flat surfaces covered with “gypsiferous black clays” (Routhier,
1953;Avias, 1963) (Figs. 1and 2). These clays are found on the leeward side of the island,
where the yearly average rainfall ranges from 800 to 1100 mm. Some authors have interpreted the “gypsiferous clays” of New Caledonia as marine deposits that formed under
evaporitic conditions during a dry paleoclimate (Routhier, 1953; Avias, 1963) and that
have been uplifted to their present elevation ( 10-170 m on LepredourIsland; Fig. 3) during
the pre-Pleistocene tectonic movements (Gonord, 1977)’.
Most of the gypsum in New Caledonian soils occurs only in calcimagnesic Vertisols
(Table 1; Podwojewski and Beaudou, 1991) derived from the weathering of basic rocks
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Fig. I. Location map of New Caledonia.

such as non-gypsiferous flysch, basalts, or limestones. Gypsum-bearing soils lie in the lower
part of soil catenas, overlying basic rocks, or on some high Pleistocene alluvial terraces. In
the same areas, old alluvial terraces composed of hypermagnesic Vertisols (Podwojewski
and Beaudou, 1991) derived from peridotites and serpentinites, and Planosols or solodized
Solonetz derived from acidic rock (shales, sandstones, phtanites) (Podwojewski, 19SS),
however, do not contain gypsum.
Gypsum in New Caledonia accumulates at a depth greater than SO cm, within horizons
containing more than 50% smectitic clays. Crystal sizes range from 0.5 to 3 cm. They are
lenticular in shape, and occur either as isolated crystals or in aggregates. In air-dried soil,
gypsum constitutes 10 to 25% of the soil weight.
Recent considerations of Pleistocene tectonic movements and sea level changes in the
South Pacific area indicate that sea level was never higher than 20 m above the current level
in the studied zone (Bloom et al., 1974; Coudray, 1977; Cabioch, 198s). This implies that
gypsum did not form in evaporitic basins along the Pleistocene marine shoreline. It is
therefore believed that the gypsum is derived from the oxidation of sulphides in the bedrock
and/or from the atmospheric supply of oceanic salts in rain.
Sulphur isotopes are appropriate tracers to deal with this problem of the origin of gypsum
because the isotopic compositionof marine and continentalsulphatesgenerally are different.
Consequently,if two sources of sulphates are involved in the formation of gypsiferoussoils,
it is expected that a gradual change in sulphur isotopes will be observed with increasing
distance from the coast.

Fig. 2. Location of calcimagnesic Vertisols. Direction, velocity, and frequency of winds. I and II indicate the sampling location (see Fig. 3 )
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Fig. 3. Detail of Fig. 2. Location of gypsum sampling. Numbers refer to sample description,cf. Tables 2,3, and 4.
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Table 1
Selected physical and chemical properties of some vertisols of New Caledonia. Vertisols B, C and D contain
Upsum
Horizon

Depth
(cm)

Texture (%)

pH
1:2.5
(H,O)

Exchangeablecations" (cmol kg-')

A. Vertisol oit hard liniestorte (LEP 7)
A
0- 20 68
18
14
V
80-100
69
16
15

7.1
7.8

B. Vertisol on sandy limestone (LEP 25)
A
0- 15 45
23 32
V,,
110-170 75
3 22

CEC

Mg++

K+

Na+

36.7
30.1

9.3
6.9

2.6
0.3

0.5
4.9

49.1
40.0

6.9
6.4

26.2
21.7

7.2
9.8

1.6
0.3

0.7
7.8

40.0
36.9

C. Calciinagilesic vertisol oit Jlysclz (MER 63)
A
0- 20 48
34
18
5.9
'GY
95-125 66
23
11
5.3

12.0
13.1

14.7
24.5

0.8
o. 1

0.6
8.8

36.2
46.5

6.4
11.8

0.2
0.2

0.7
9.2

23.4
30.3

36.8
38.1

0.2
0.3

1.6
2.5

49.2
41.6

clay

silt

sand

Ca++

D.Acid and sodic vertisol on old alluvial terrace (TOM 001)
A
VG~

0- 20
100-120

35
64

42
24

23
12

6.0
3.9

11.4
16.4

E. Hypermagnesic vertisol on old alluvial terrace (MER 72)
A
0- 20 54
35
11
5.8
4.5
VMg
110-125 54
29
17
8.6
2.4
"From Tucker ( 1985).

2. The isotopic composition of sulphur

Sulphur has the following four stable isotopes: 32S,33S,34S,and 36S. Their abundances
are 95.02%, 0.75%, 4.2%, and 0.017%, respectively. Sulphur isotope studies concern the
variation of 34S/32Sratios. The sulphur isotopic compositionof asample is usually expressed
as a S34Svalue, which is defined as follows:
SJ4S sample= (

(34S/32S)sample

(34S/32S) standard

- 1) x 1000

The standard referenceis the troilite phase of the Cañon Diablo (Arizona,USA) meteorite
(CDT) ,for which the atomic abundance ratio 34S/32Sis 0.0450045 (Ault and Kulp, 1959).
Generally, sulphides in igneous rocks have an average S34Sclose to O%O and are isotopically similar to those in meteorites or in mantle derived rocks (Faure, 1986). Sea water
and sedimentary sulphates, however, are enriched in the heavy isotope (34S) by approximatively 10 to 30%0,depending on the geologic age (Claypool et al., 1980). Contemporaneous sedimentary sulphides have a wide range of isotopic compositions which are
generally enriched in light a3'S isotopes (Krouse, 1980; Faure, 1986).
Until recently, sulphur isotopic studies have been used to investigate the variability in
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S34Svalues and their deviations from upper mantle sulphur and oceanic sulphur. It is now
well realized that data on sulphur composition alone are usually insufficient to define the
sulphur source of an ore because large isotopic fractionationsare involved in almost all the
chemical reactions involved in mineralization (Ohmoto, 1972). Consequently, the accurate
estimation of a sulphur source generally requires many additional data (such as pH, jD2,
and 2') because oxidation-reduction processes induce large isotopic fractionations between
sulphides and coeval dissolved sulphates (Ohmoto, 1972; Arnold and Sheppard, 1981).
Similar difficulties occur if bacterial sulphate reducers are involved in near surface marine
environments because the isotopic composition of biogenic SH, depends upon nutrient
supply, reduction rate, sulphate concentration, and temperature (Harrison and Thode,
1957). Fortunately, such a difficulty is not encountered in the present study because only
very small fractionationeffects are involved both in the oxidation of sulphides into sulphates
at low temperatures and in gypsum crystallization (Thode and Monsters, 1965; Krouse,
1980; Pearson and Rightmire, 1980).

3. Materials and methods
3.1. Gypsum sampling

-

In order to determine the origin of gypsum in Vertisols, its isotopic composition is
compared with the S34Svalues of evaporitic marine gypsum ( 634Sof seawater 20.9%0;
Rees et al., 1978) and with continental gypsum derived from the oxidation of sulphides.
Two samples of evaporitic marine gypsum were obtained from the coastal Mara Marsh
(Fig. 3, No. 5), near the surface of a bare flat between the mangrove and the coast. One of
these gypsum samples, from a reddish clay layer containing kaolinite and illite, had an
acicular form. The other sample was from a black organic layer, immediately beneath the
reddish clay layer, and had a trapezohedron form (Baltzer, 1970). A third sample of
evaporitic marine gypsum had a powdery aspect, and is obtained from a stratified bed in a
cave, close to the sea level near Nepoui (Fig. 3, No. 13). Samples of continental sulphate
formed by surficial oxidation of chalcopyrite and pyrite were obtained from wastes from an
old copper mine near Poya (Fig. 3, No. 12) and from Hunter Island (Fig. l ) , where crystals
are produced by low temperature volcanic activity (Maillet and Monzier, 1982).
A total of 26 gypsum crystals were sampled in New Caledonian Vertisols at various
altitudes and distances from the shoreline (Fig. 3). Most of the samples were obtained from
Vertisols on colluvium, derived from different types of parent rock (flysch, limestone,
basalt) at varying depths. Other samples were collected in old alluvial terraces derived from
the weathering of parent rocks, that included basalt, graywackes, shales, and terrigenous
sandstones rich in organic matter and sulphides. These Vertisols from the alluvial terraces
are more sodic and acidic than the Vertisols on the colluvium (Table 1).
3.2. Analytical method

Crystals of gypsum for analysis generally contain various impurities such as clays,
carbonates,fluid inclusions,and iron hydroxides. For this reason, the gypsum crystals were
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crushed, and then dissolved in double distillated cold water. The solution was filtered and
anhydrite was produced by means of evaporation at approximately 80°C. The powdered
anhydrite was mixed with silica and ignited at 1500°C in an evacuated furnace to produce
SO,. The sulphur dioxide was continuouslytrapped at - 190°Cby means of liquid nitrogen,
both to prevent sulphur trioxide from being formed and to produce the following reaction:
CaSO,

+SiO, -+CaSiO, + SO2+ $0,

After heating the SO,, the gas was purified by traps at -40°C and - 110°C. The first
treatment eliminated traces of H20 and SO3, and the second eliminated CO2. The reaction
rate was measured by means of a mercury manometer. The isotopicanalyses were performed
by a double collector VG 602D mass spectrometer.Analytical reproducibility was usually
better than 0.05%0.The laboratory standard (commercial SO,) was periodically calibrated
against the five international standards produced by Monsters and Rees ( 1975). The measured values were then standardized in relation to the CDT (Cañon Diablo Troilite).

4. Isotopic data

All the isotopic measurements (Tables 2, 3, and 4) are from samples obtained from the
locations depicted in Fig. 3. Table 2 shows five
values for gypsum crystals formed
under purely continental and purely marine conditions. In the first case, 634S grades from
- 5%0(on the volcanic Hunter Island) to l % o (wastes of Poya Copper Mine). This range

+

Table 2
General characteristics of gypsum from continental and marine origins in New Caledonia
Sample

Geographic
location"

Gypsum
morphology

Crystal
size
(cm)

Pedological
environment

Geomorphological Distance
environment
from the
sea (km)

POY 1

Poya,
Honfleur
mine"
Hunter island,
volcanic arc

fibrous
gypsum

1-5

Chalcopyrite,
pyrite

coppermine
wastes

automorphous
prisms,
transluscent

1-5

sulfur, andesite

cave beneath lava
flow, active
volcano

10.5

-3.81f0.05
- 4.34k0.05

MRA 22

Moindou,
Mara Marsh'

acicular gypsum,
sticks

1-5

kaolinite-illite
clay

marsh, mangrove,
bare flats

O

19.23 f 0.05

MRA 12

Moindou,
Mara Marsh'

trapezohedron,
lenticular

0.51.5

Black organic
matter

marsh, mangrove,
bare flats

O

16.73 kO.05

NEP1

PoyaNepoui13

powdery gypsum
continuous level

smectites

gypsum layer in a
cave, karst

<1

19.48f0.05
19.20 f 0.05

HUN 1

"Numbers refer to Fig. 3.

<O. 1

8

S34S

0.99f0.05
0.97 fO.05

Table 3
General characteristics of gypsum located on old alluvial terraces in New Caledonia
Sample

Geographic
locationa

Gypsum
morphology

crystal
size
(cm)

Pedological
environment

Geomorphological
environment

Altitude
(m)

Distance
from the
sea
(km)

s34s

TOM O00

Oua-Tom River
Boulouparis'

agglomerate
crystals

1-3

smectites

high alluvial
terrace

20

2.5

19.651: 0.05
12.40_+0.05
13.741.0.05
13.27 1:0.05

TOM 1

Oua-Tom River,
Boulouparis4

lenticular

0.5-3

smectites

high alluvial
terrace

20

2.5

13.55& 0.06
14.37 f0.04

FOA 1

Pocquereux
River, La Foa6

agglomerate
crystals

1-3

smectites

high alluvial
terrace

20

10

12.10 f0.06

PBT 1

Pouembout
River,
Po~embout'~

agglomerate
crystals

1-3

smectites

high alluvial
terrace

20

7

12.52 & 0.04
12.11k0.05

"Numbers refer to Fig. 3.
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of 634Svariation is considered to represent the continental end member of the gypsum
formation processes.
The New Caledonian gypsum crystals formed in coastal marine marshes are comparatively strongly enriched in heavy isotopes. Three marine samples have 634Svalues close to
20%0 (Table 2). It is important to emphasize that one of the samples is significantly enriched
in light isotopes with a 634Svalue close to 17 %O. The range of S34S,values observed in
Mara Marsh does not indicate a natural variation of the S34Sof sea water. Gypsum crystals
whose 634S values are close to 17%0are coated by ferric hydroxides and embedded in
organic matter. This situation indicates that the marine gypsum has been contaminated
locally by a component enriched in light isotopes. Because gypsum is associated with
organic matter and iron hydroxides, it is conceivable that bacteriogenic iron sulphides, low
in 34S (Rees, 1973) were oxidized into sulphates during a temporary drying of the Mara
Marsh (Baltzer, 1970). Thus, mixing of light and heavy sulphate compounds may have
produced this intermediate 634Svalue.

Table 4
General characteristics of gypsum obtained from soil sequences in New Caledonia.
Sample

Geographic
location

Gypsum
morphology

Crystal
size (cm)

Pedological
environment

Geomorphological
environment

MER 537

La Tamoa Païta'

agglomerate
black crystals

0.2-1

smectite MnO,
level

sequence on flysch

MER 639

La Tamoa Païta'

lenticular

0.5-3

smectite

MER 63 10

La Tamoa Païta'

agglomerate
black crystals

1-10

MER6311

La Tamoa Païta'

agglomerate
crystals

MER 546

La Tamoa Paï&

MER 547

Altitude
(m)

Distance
from the
sea
(km)

S3'S

20

6-8

18.39 k0.05

sequence on flysch

20

6-8

16.413.0.05

smectite, MnO,
level

sequence on flysch

20

6-8

16.85-tO.05

1-10

smectite beneath
MnO' level

sequence on flysch

20

6-8

16.90+0.05

lenticular

0.5-3

smectite

sequence on flysch

20

6-8

16.70-t 0.05

La Tamoa Païta'

agglomerate
black crystals

1-10

smectite, MnO,
level

sequence on flysch

20

6-8

16.18 0.05

MER 641

La Tamoa Païta'

lenticular

0.5-3

smectite

sequence on flysch

20

6-8

15.82 ~k0.05

MER 6410

La Tamoa Païta'

agglomerate
crystals

1-10

smectite beneath
Mn02 level

sequence on flysch

20

6-8

15.913.0.05

LEP 135

Lepredour Island3

lenticular
red-beige

0.3-2

yellow smectite

doline; sequence
on limestone

170

0.5-0.7

18.22&0.05

LEP 136

Lepredour Island3

lenticular
red-beige

0.2-3
smectite

yellow and red
on limestone

doline; sequence

170

0.5-0.7

17.84+ 0.05

~~

LEP 235

Lepredour Island3

red lenticular

0.1-1

red smectite

doline; sequence
on limestone

170

0.5-0.7

18.15 f0.05

LEP 255

Lepredour Island3

lenticular
red-beige

0.2-0.3

yellow
smectite

doline; sequence
on limestone

170

0.5-0.7

18.17 k0.05

LEP 257

Lepredour Island3

agglomerate
red crystals

1-20

red smectite

doline; sequence
on limestone

170

0.5-0.7

is.52+o.n5

LEP 377

Lepredour Island3

lenticular

0.1-1

weathered flysch

sequence on flysch

10

0.2

19.43k0.05

LEP 386

Lepredour Island3

lenticular

0.1-1

weathered flysch

sequence on flysch

10

0.2

19.30+0.05
19.89f0.05

TIA 1

Tiare Païta'

lenticular

0.2-3

smectite

sequence on flysch

10

0.5

20.60+0.04

GOU 1

Gouaro
Bourail'

lenticular

0.2-3

smectite

sequence on flysch

10

1-1.5

19.7950.06
20.12 f0.03

CAP 1

downstream Cap
Rive?

lenticular

0.2-10

smectite

sequence on basalt

10

0.1-1

20.79 f0.05

CAP 2

Cap road Bouraif'

lenticular

0.2-3

smectite

sequence on basalt

80

5-15

19.06f0.03

POY 2

Beaupre Poya"

lenticular

0.2-20

smectite

sequence on basalt

10

0.5-2

20.72 k0.04

POY 3

Beaupre Poya"

lenticular

0.2-3

smectite

sequence on basalt

70

4-6

19.04f0.05

AC0 1

Taom Onaco

lenticular

0.2-20

smectite

sequence on basalt

15

3-3

19.48k0.06
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Gypsum in Vertisols
Tables 3 and 4 show the following information:
( 1) In the colluvial Vertisols, most of the S34Svalues of gypsum are close to the marine
sulphate composition; the other values are intermediate between marine and continental
sulphate compositions.
(2) The values of 634Sfrom gypsum in colluvial Vertisols are not related to the nature
of the parent rock, to the depth of sampling, or to the position of the gypsum in the catena.
(3) In Vertisols, the lowest values of S34S are from gypsum located in old alluvial
terraces.
(4) The 634Svalues of gypsum decreases with increasing altitude and with increasing
distance from the shoreline measured parallel to the direction of the trade winds (Fig. 4).

5. Discussion
The crystallization of gypsum from a water table in contact with sea water (evaporitic
marine origin) or with sufide-rich rocks (continental origin) has been described by Stoops
and Ilaiwi (1981), Warren (1982), and Akpokodje (1984). In addition to the “gypsiferous
black clays” observed on topographically flat surfaces by Routhier (1953) and Avias
( 1963), many of the New Caledonian gypsiferouscolluvium Vertisols are located on slopes
with grades greater than 10%. No signs of a fossil water table are visible in colluvium
Vertisols.
In addition to water table activity, organic matter can also concentrate sulphur, particulary
in swamps (Probert 1983; Williams and Raupach, 1983) and in old mangroves (Van
Breemen, 1982; Doner and Lynn, 1989). However, in the New Caledonian Yertisols, no
signs of an old organic layer or of mangrove tree roots are visible. The amounts of topsoil
organic matter in New Caledonian Vertisols are low (2 to 5 % ) . Unlike the marine gypsum
from the Mara Marsh, gypsum from Vertisols on colluvium is associated with smectite
instead of kaolinite and illite, the gypsum crystals are found at depths greater than 0.80 m
(instead of 40 cm), and the form of the crystals is lenticular instead of acicular and
trapezohedral.
The isotopic data suggest that the gypsum comes from the following two sources:
- a dominant marine source, probably introduced as sulphate by atmosphericprecipitation,
which affects essentially Vertisols on colluvium. According to Krouse (1980) sea spray
sulphate should have the same S34S value as sea water ( -20.9%0), assuming that only
mechanical transport takes place;
- a continental source low in 34S(Table 2), which is derived from the oxydation of sulphur
in geological materials; this source affects mainly Vertisols on alluvium. This sulphur
occurs in the form of pyrite, mostly in Anisian or Senonian shales (Paris, 1981) which
lie parallel to the long axis of New Caledonia. Because most of the streams flow perpendicular to this long axis, weathered shale residues are found downstream in alluvial
terraces.

I
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5.1.The rain inputs
At the shoreline, the sulphur budget for gypsum crystals is dominated by marine sulphate
introduced by rain and by dry depositions. Isotopic compositions are close to the marine
compositions. For New Caledonia, the S34S values of gypsum decrease inland. A similar
situation has been identified by Faure and Jones ( 1989) on Ross Island (Antarctica). They
distinguishedsalts with a high S34Svalue ( 4- 19.6%0)near the coast, derived from aerosols
or rainfall, and salts with a very low S34Svalue ( 4- 0.8%0)derived from the weathering of
recent volcanic rocks. As in New Caledonia, the abundance of marine salts at Ross Island
decreases with increasing elevation above sea level and with increasing distances from the
coast.
In New Càledonia,the oceanic influence on S34Svalues decreasesrapidly with increasing
distances from the coast measured parallel to the tradewind direction. As this oceanic
influence decreases, the relative importance of continental sulphate increases consequently.
This relation is found in many South Pacific locations (Hingston and Gailitis, 1976; Blackburn and McLeod, 1983; Ledgard and Upsdell, 1991). All the New Caledonian gypsum
soils are found within 20 km of the coast. The gypsum soils are exposed to the trade winds
200 days a year, at wind velocities ranging from 4 to 8 m s-l (Bauduin and Brunel, 1981).
The gypsum soils are also frequently exposed to tropical cyclones. These southeasterly
trade winds, which are important in the north and northeast of Australia and in New
Caledonia today, would have maintained their direction during the Quaternary Period
(Coudray, 1975;Beckmann, 1983). A similarconclusionis suggested by Isbell et al. ( 1983)
in their study of the origin of soluble salts in Australian soils.
Table 5 shows chemical data collected in Noumea during cyclone Lili (1@-11 April
1989) and the mean values compiled by Berner and Berner (1985). Rainwater collected
during this cyclone at distances less than 1 km from the coast is clearly enriched in soluble

,

Table 5
Chemical composition of rainwater

I

Ion

World
Coastal
Average
[31

North
Atlantic
Ocean
[31

Hawaï

93.37
13.44
4.81
6.56
52.44

6.00
1.45
0.29
0.45
3.45

0.28
0.24

0.03
0.01

Nouméa
New Caledonia
Cyclone Lilia
[Il
Pl

Values in ingA
CI 15.98
so:3.84
Ca2+
0.80
Mg2+
1.34
Na*
9.20

W. Ireland
Coast

[31

Amsterdam
Island
Indian Oc.
131

5.10
1.20
0.20
0.20
2.80

9.63
1.92
0.47
0.92
5.46

7.38
1.47
0.15
0.46
4.07

36.42
6.29
1.52
2.59
21.00

0.03
0.01

0.04
0.02

0.03
0.01

0.13
0.07

[31

Values in nieq/l

so:Ca'+

I

0.08
0.04

"10-1 1 April 1989.
Sources: [ l ] and [2]: Podwojewski (unpubl. data); [3] Bemerand Bemer (1985).
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salts as compared to the global mean values compiled by Berner and Berner ( 1985). For a
rainfall of 400 to 800 mm per year, and with sulphate concentrations in the rain varying
from 1 to 2 mg I-', the amount of sulphate input by rainfall ranges from 0.4 to 1.6 kg m-*
1000 yr-' (4 to 16 kg ha-' yr-I). These values are similar to the mean value of 1.5 kg
ha-' yr-' of sulphate input by rainfall registered in southwest Australia (Hingston and
Gailitis, 1976). The importance of the rainfall input of sulphates in the southwest Pacific is
confirmed by the following recent measures: 1.9 kg m-* 1000 yr-' for the Tonga Islands
(Manu et al. 1990) and 0.15 to 4.5 kg m-' 1000 yr-' for New Zealand (Ledgard and
Upsdell, 1991).
New Caledonian Vertisols developed on old alluvium and colluviumprobably during the
Late Pleistocene glaciation. During the maximum of this glaciation (18,000 B.P.), the
climate in North Australia was much drier than today (Kershaw, 1974; Bowler et al., 1976;
Webster and Streten, 1978; Coventry et al., 1980). The winds, favourable to the transport
of the salts, and to the concentration of salts in the soils by evaporation, were much stronger
than today (Lorius et al., 1979; Petit et al., 1981).
5.2. How Vertisolstrap gysum

Based on the fact that gypsum appears only in deep Vertisols, the following hypothesis
can be made. Vertisols are recognized by their ability to shrink when dried and to swell
when moistened. Vertical cracks develop during the dry season. During the rainy season,
water and salts enter the soil profile through these vertical cracks to depths of about 60-70
cm. The cracks, filled with water (and salt) then begin to close (Talsma and Van der Lelij,
1976; Bouma and Loveday, 1988). As described by Bouma et al. (1977) and Bouma and
Wösten (1979) the base of the cracks (vertical planar rough voids) passes into smooth
planar oblique voids. The swelling keeps these smooth oblique voids water tight so that at
1.O0 m depth the soil moisture is constant throughout the year (Adams and Hanks, 1964;
Selim and Kirkam, 1970). During the dry season, the soil shrinks,the vertical cracksreopen,
water evaporates, and the salts stay deeply buried within the soil. This evaporation is a
function of the wind velocity, and the depth and the width of the vertical cracks (Adams et
al., 1969; Jouany, 1981). Because they do not have cracks and/or rain runoff over their
surface, could be the reason why deep clayey soils (Planosols, Solonetz) contain very low
concentrationsof salts and no gypsum.

6. Conclusions
Measurements of the 634S of gypsum crystals occurring in Vertisols on the western coast
of New Caledonia suggest that the gypsum in the Vertisols comes from the following two
sources: an oceanic source where the major part of the sulphur is introduced as sulphate by
atmospheric precipitation driven by the trade winds and by frequent cyclones, and a continental source where sulphides disseminated in various subsurface deposits are oxidized.
Vertical cracks formed during dry seasons may trap and concentrate gypsum in deep
horizons. This phenomenon was probably favored during the last glacial period, which was
more dry and windy than today.
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