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Abstract: A systematic study of Kerguelen paleohydrothermalism revealed the existence of nineteen zeolites
associated with other cogenetic minerals. Fifty associations of two, three or four hydrothermal minerals are
recognized and a vertical zoneography of five zones is proposed, each of them being characterized by their index
minerals. Sucha distribution may be related to the temperature field for each zeolite. A temperature vs. depth diagram
suggests a regional thermal gradient of 70 to 100°C/km at time of zeolitisation. Geological evidence dates the
zeolitisation event at 15 to 12 Ma. The exposed pile of zeolitised basalts is approximately 2000 m in thickness. The
West of the island is much more eroded than the East, exposing zeolites of higher temperature. The Kerguelen model
of zeolitisation may be compared with the Iceland one. In both these models, the thermal events correspond to
abundant volcanism. However the first is in a typical intraplate environment whereas the second is situated on an

oceanic ridge.
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Geological Introduction

The Kerguelen Islands present many subjects of geological
interest: a sequential magmatism beginning with tholeiitic
products and evolving to very alkaline ones (Giret and
Lameyre, 1983), a bimodality of the alkaline petrographic
suites with silica-oversaturated and silica-undersaturated
trends (Giret, 1990), magmatic Nd-depleted and Sr-enriched
sources which determine an isotopic pole of reference
(Gautier ef al., 1990). The presence of several plutonic
complexes which is unusual in oceanic islands (Giret, 1983),
a geological history related to the Kerguelen-Gaussberg
ridge (Schlich, 1975) which is one of the largest in the world,
a more than 40 Ma existence (Giret and Lameyre, 1983).
Recent investigations (Verdier, 1989) point to the
zeolitisation as an instructive model which may be added to
the attractive geological characteristics of those fascinating
islands.

Zeolites of Kerguelen

Zeolites species

Descriptions of zeolites in Kerguelen date back to the last
century (Roth, 1875; Lacroix, 1915; Aubert de la Riie,
1929). A review of them has been published by Nativel and
Nougier (1983). Eight species were originally recognized,
analcite, chabazite, epistilbite, heulandite, mesolite,
phillipsite, stilbite and thomsonite.

A new program of research focusing on Kerguelen
paleohydrothermalism led to an exhaustive study of zeolites
and associated minerals. The mineral determinations have
been made mainly by electron microprobe analysis
supplemented by several other methods (X-Ray
diffractometry, I.R. spectrometry, X-fluorescence, scan-
ning microscope and D.T.A.). The difficulties obtaining

good results with hydrated minerals through microprobe
analysis (Autefage and Fontan, 1985) led to careful cali-
brations of the analytical procedures and to the systematic
use of chemical and structural tests (Passaglia, 1970). This
study has permitted the determination of 11 other species of
zeolites in Kerguelen. These are scolecite, natrolite,
gonnardite, laumontite, gismondite, levyte, erionite, offretite,
mordenite, dachiardite and stellerite.

Chemical characteristics

In this section, we refer to the structural classification of
zeolites as published by Gottardi and Galli, 1985 (Table 1,
Fig. 1).

(1) The group 4-1 (fibrous zeolites) is represented by 3
abundant varieties (scolecite, mesolite and thomsonite) and
by 2 rarer ones (paranatrolite, which is an hydrous variety of
natrolite), and gonnardite. Scolecite and mesolite usually
reflect two distinctive fields of composition, respectively
calcic and calco-sodic (Hey, 1933, 1936; Foster, 1965a,
1965b; Alberti et al., 1982; Gottardi and Galli, 1985). In
Kerguelen this group of minerals is mainly controlled by
Na, - Ca substitutions leading to a near complete solid
solution series with a very restricted gap of immiscibility,
which is much more limited than in the previous descriptions.
Thomsonite presents lamellar and botryoidal shapes (Wise
and Tschernik, 1978) in which the major substitutions are
NaSi - CaAl. Their compositional field is not as wide as in
other deposits of the world, and Si-Na varieties are the most
common. Natrolite is rare in Kerguelen and its composition
is typical with NaSi - CaAl and Na, - Ca substitutions.
However they have an unusual content of water, with 24 to
26 H,O for 80 oxygens whereas the current water content is
16 H,O. Therefore these natrolite may be related to the
paranatrolite of Chao (1980) which has 24 H,0. The
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Fig. 1. Chemical characteristics of Kerguelen zeolites. a- D/D+M vs. R diagram (R= Si / (Si + Al + Fe)), b- Si,O,

- D,Si,ALO, - M Si Al O, diagram. According to the general formulae Mx Dy (Tx + 2y Siz - (x+2y) O,,) nH

. where

0<x<04z0<y<0.2520.12z2<x+2y<0.5zand 0.4z<n<1.2 and where M are the monovalent cations (Na,
K, Li), D the divalent cations (Ca, Mg, Ba, Sr, Mn) and T the trivalent cations (Al, Fe), (after Alberti, 1979). All the
compositions of this figure are in accordance with conditions of Passaglia (1970), i.e. the error (E% = 100 (T - M -
2D)/(M + 2D)) is comprised between —10 and +10. 1- heulandite, 2- phillipsite, 3- thomsonite, 4- laumontite, 5-
offretite, 6- erionite, 7- stellerite-stilbite, 8- epistilbite, 9- levyte, 10- gismondite, 11- chabazite, 12- scolecite, 13-
mesolite, 14- gonnardite, 15- natrolite, 16- analcite, 17- mordenite, 18- dachiardite.

gonnardite belongs to a restrictive field of compositions
with weak variations.

(2) Zeolites of the S4R group are represented only by
analcite and laumontite of typical compositions with very
little variation. Analcite is frequent with compositions close
to the stoichiometric formula. Laumontite is rare and
characterised by the presence of Na and K resulting from
(Na,K)Si - CaAl substitutions.

(3) Zeolites of group D4R are phillipsite and gismondite.
Their chemical compositions, Ca-rich, Na-common and K-
poor, attest to their hydrothermal origin as expressed by the
genetic classification of Sheppard et al. (1970). Their
variations are controlled by the two substitutions: (Na,K), -
Ca and (Na,K)Si - CaAl. Gismondite is of typical compo-
sition and does not show any significant variations.
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(4) Group 6R zeolites are characterised by rare levyte,
erionite and offretite, and by chabazite which is common at
Kerguelen. The levyte is calco-sodic and Mg-poor with Ca
>> Na >> K. Offretite and erionite are Na-poor; such
chemical compositions are common in hydrothermal pro-
cesses and in basaltic environments. These three minerals
do not present significant chemical variations. However
chabazite commonly shows important variations with
(Na,K), - Ca and (Na,K)Si - CaAl substitutions, as reported
by Passaglia, 1970 and Sameshima, 1978.

(5) Group 5-1 zeolites consist of mordenite, dachiardite
and epistilbite. The dachiardite is of rare occurrence in the
world and Kerguelen represents a third deposit of interest
after Elbe Island (Gottardi and Galli, 1985) and the Italian
and Swiss Alps (Alberti, 1975). In Kerguelen, dachiardite is



Table 1. Zeolites of the Kerguelen Islands. The sructural classification takes into account the tetrahedric assemblages,
i.e. the secondary building units, S.B.U. (S.B.U. and stoichiometric formulae after Meier, 1968; Meier and Olson,
1978; Gottardi, 1978; Gottardi and Galli, 1985).

STRUCT. SPECIES STOICHIOMETRIC RANGE OF COMPOSITION
(SBU) FORMULAE IN KERGUELEN ISLANDS
Natrolite Na,5(Al6Si240g0)16H,0 Na,5Cag 5(Al65174059)25H,0
Naj, 5Cag 75(Al}6S124049)26H,0
Mesolite Najs 3Cas 3(Al}4Si540g)21.3H ,0 PN
NagCas(Al Sis4040)24H,0
Cag(Al}6S124050)27H,0
4-1 Scolecite Cag(Al¢Si40g0)24H,0 PEN
NayCa;(Ak; Si:040)26H,0
NayCa 5(Al;9Si; Og)26H,0
Thomsonite Na, Cag(Al,(Sing0g)24H,0 VRN
Nas g Cag(Al 7§51, ,059)26H,0
Gonnardite NasCay(AloSi; Oy0)12H, Nag »Ca, 15(Alg sSi;| sO40) IH,0
S4R Analcite Nay4(Al;6S15,0p6)16H,0 Nay5(Al}5Si33006)17.5H ,0
Laumontite Cay(AlgSi 4048)16H,0 (Na,K)g 24Cay 63(Al7 6Si54045)16.5H ,0
D4R Gismondite Cay(AlgSig0y,)16H,0 Na, 5Caz(Aly 5Sig 505,)17H,0
Phillipsite Ky(Cag sNa)y(AlgSi 9032)12H,0 Ky 5Cay gsNag s(Als 78i193052)11H,0
Chabazite Cay(AlSig0,4)12H,0 (Na,K)g 7Ca) 7(Aly 1 Siz 9054)10.5H ,0
6R Levyte Na Ca, 5(Al¢Si1,046)18H,0 Ky 2Nay 4Ca, 5(Alg 651 4036)15H,0
Erionite Na K,)Mg Ca | 5(AlgSing07,)28H,0 Nay 5K, ;Mg Ca 5(Alg 5Sizs §072)26H,0
Offretite K Ca Mg(Al 53051 SH,O K Nag,Ca, ;Mg 35(Als 381, 7056)15H,0
Mordenite Na;K Ca,(AlgSisgOo)28H,0 Na3Ky 5Caj 15(Aly gSizg006)28H,0
5.1 Dachiardite (Na,K,Cag 5)4(Al4Si50,5)18H,0 Naj 7Kg 5Cag 4(Al4Si0y5)14.5H ,0
Epistilbite Ca(Al(Si;g045)16H,0 Nag 4Cay g (AlSi|0sg)16.5H ,0
(Na,K)Cay(AlySiyy059)24H,0 (Na,K)Cay(AlgSiyy055)24H,0
Heulandite > PN
4-4-1 (Na,K)(AlSiz0:,)20H,0 (Na,K), sCay(Alg sSizg s052)22H,0
Stellerite Cay(AlgSiyg0,,)28H,0 Cay(AlgSing0n)27.5H ,0
> R d
Stilbite Na Cay(AlySiy;05,)30H,0 Nay 5Cag(Alg sSizg sO70)28H,0

closely associated with mordenite. Dachiardite belongs to a
sodic field and mordenite to a calco-sodic one. Epistilbite
composition is consistent with the descriptions of Galli and
Rinaldi (1974).

(6) Group 4-4-1 zeolites consist of heulandite, stellerite
and stilbite. The first is abundant and belongs to the heu-
landite fields of composition of the series heulandite - the
Ca-alk. pole - clinoptinolite - the alk.pole - (Aliettiet al., 1977,
Sameshima, 1978; Gottardi and Galli, 1985) with the presence
of Ba and Sr in small amounts. Stellerite and stilbite are the
two poles (respectively Ca and Ca, Na) of a solid solution
series regulated by Si - NaAl substitutions and constant Ca
content (see Table 1), which is well documented including
Kerguelen (Passaglia ez al., 1978; Gottardi and Galli, 1985).

Concluding remarks

The composition of Kerguelen zeolites reflect their hy-
drothermal origin. Their Na - K contents, with no significant
increase, lead one to exclude the influence of sea-water on
their crystallisation. Their Si and Ca contents are in accor-
dance with their basaltic host rocks.

Hydrothermal Mineral Associations

Deposits and hydrothermal index minerals

Hydrothermal mineralisation is observed mainly in the
basalts, filling amygdales of | to 10 cm in diameter. They are
more abundant at the top and base of scoriaceous lava flows.
They also appear as a groundmass cementing the porous
pyroclastic interlayers. In these deposits some zeolites are
uncommon and are of restricted interest. A few hydrother-
mal minerals, such as quartz, calcite, aragonite, celadonite,
saponite and chlorite are genetically associated with zeolites.
Seventeen hydrothermal minerals have been used as index
minerals; phillipsite, chabazite, aragonite, saponite, analcite,
thomsonite, mesolite, stilbite, scolecite, mordenite, quartz,
calcite, celadonite, stellerite, heulandite, laumontite and
chlorite.

The different types of hydrothermal minerals associations
Fifty associations have been recognized but only 28 of

them are relatively frequent (Table 2). The associations are

made of2, 3 and sometimes 4 cogenetic minerals. It has been
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