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Abstract - The aim of this work is to evaluate the origin of smectites in sedime
of CRP-3 core (Victoria Land Basin, Antarctica), through TEM observations ¢
microanalyses on smectite microparticles and XRD analyses of clay fractions. t
Smectites in the lower sedimentary section (between 602.05 and 815.86 mbsf) BAET

in some levels of the central section of the core, are intermediate members ¢ LT "“A.:"-r
beidellite-saponite series, with lower K and higher Mg contents in interlayer i k. 5’15**!5'
higher cristallinity values. The clay fraction largely consists of smectite, tha| +. " Fl

regarded as authigenic. Smectites in the upper (between 6.60 and 101.69 mbs CRES)
in some other levels of the central section of the core are Al-Fe beidellites, with

higher K and lower Mg contents in interlayer sites and lower values of crystallinity. In the clay fraction illite
and chlorite also occur. These characteristics suggest that smectites in these sediments are detrital.

Smectites in an igneous body (between 901.20 and 919.06 mbsf) have a homogeneous composition and are
Al-rich beidellite-montmorillonites; the clay fraction is mostly composed by kaolinite with mixed-layer
smectite-illite or kaolinite-smectite.

Authigenic smectites probably formed from the alteration of volcanic material (pyroxenes, glasses) and/or
through precipitation from fluids of possible hydrothermal origin.

INTRODUCTION paleoclimatic changes, to infer source rocks of the
sediments and stratigraphic correlations (Chamley,
In this work preliminary results on the 1989; Ehrmann & Mackensen, 1992; Ehrmann et al.,
composition of smectite in sediments of the CRP-8992; Ehrmann, 1998; Robert & Maillot, 1990).
core are discussed. Interpretation of the genesis of smectite in marine
The CRP-3 drillhole was carried out in 1999 andediments can be controversial, as this mineral may
is situated about 12 km east of Cape Roberts in thg getrital or authigenic. Detrital smectites are
Victoria Land Basin, Ross Sea (Antarctica). The aifhherited from continental soils and rocks, while
of the drilling project was to investigate they ihigenic smectites often form in sea floor

Palaeogene climatic and tectonic history of the areg,yiments. It is generally assumed that only detrital

(Cape Rope_rts Science Team, 2000). . minerals are indicative of the paleoenvironments
The drilling collected a sequence of sediments : . :
and/or provenance and transport, while authigenic

from 3 to 939 mbsf (meters below sea floor). Down ases provide information on geochemistry of the
to 823 mbsf the sediments are mainly composed provide 1 ! g 19§I39'yHiIIier

glacially-influenced marine sediments of Oligocenéed'memary environment (Chamley,
age, with possibly some latest Eocene sediments 119> Singer, 1984). _ o
the lowest levels. From 823 mbsf to basement at the Différentiation between detrital and authigenic
bottom of the hole the sediments are mainly made §Mectites is typically based on chemical composition
of light-reddish brown sandstones probablynd habit (Chamley, 1989; Given, 1988; Hillier,
comparable with the Arena sandstone formation of tHE995; Setti et al., 1997, 1998, 2000; Singer, 1984). As
Beacon Supergroup. In particular, a body of highlp general rule, in marine environments detrital
altered intrusive rock of unknown age was found ismectites usually belong to the aluminous
the interval from 901 to 920 mbsf. For further detailsnontmorillonite-beidellite series, while authigenic
see Cape Roberts Science Team (2000) and in otfsenectites are Fe or Fe-Mg -rich and are classified as
papers in this volume. nontronites or saponites.

The distribution of smectite (and other clay Preliminary investigations on clay mineral
minerals) in the Cenozoic and Quaternary sequenceéistribution in the CRP-3 core showed that smectite is
off Antarctica has been successfully used to descrilparticularly abundant in the clay fraction of the
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sediments belw 400 mbsf (Ehrmann, thisolume; investigated in detail TEM microanalyses h& been
Cape Roberts Scienceeam, 2000). In this study the performed on seeral indvidual smectite micro
microchemical and morphological characters oparticles, and thevarage compositions of smectites
smectite are used to elucidate its origin and theccurring in each core Vel have been calculated
provenance. (Table 1).

MATERIALS AND METHODS MINERALOGICAL ANALYSES OFTHE
CLAY FRACTION

Twenty samples were collected from febifent
levels along the sequence;viestigations included Mineralogical analyses indicates that the clay
mineralogical analyses tovaluate the relatie fraction of CRP-3 core consists of smectite, chlorite
alundances of clay minerals and smectite crystallinitgnd illite (mica).Typical XRD patterns (glycolated
and microchemical and morphological analyses osamples) of the clay fraction of the core areegiin
smectite microparticles. figure 1. Interpretations on smectite disttion and

Mineralogical analyses were carried out orerystallinity in CRP-3 are reported in the paper of
< 2 pum fraction of the sediments, using a Philips PVWEhrmann (this @lume).
1800 difractometer with Culd radiations (50 kY30 In the part of the upper sequence, abo
mA) and a scan speed of28/min. The < 2um 522.73mbsf, clay mineral contents skaconsiderable
fraction was separated by settling in ater column fluctuations.At 6.60 and 52.61 mbsf, illite is the most
and samples were mounted as oriented agdges on abundant phase with respect to chlorite and smectite.
glass slides. X-ray traces were recorded under natursl levels between 101.69 and 522.73 mbsf, smectite
conditions (airdrying) and after etylene glycol contents ary from about 30 to nearly 100%, and
solvatation.The XRD patterns were obtained betweeiillite contents are generally higher than chlorite.
2° to 65° 26. Semi-quantitatie analysis s Between 602.05 and 815.86 mbsf the clay fraction is
performed by measuring the igrated peak areas of almost &clusively smectite, while chlorite and mica
the main basal reflections on glycolated samplesre either absent, or present ry lov amounts.The
smectite at 17, illite at 10 A and kaolinite/chlorite results of analyses of three samples of the ingusi
at 7A. The \alues of peak areas were werted into body (levels 901.20, 918.53 and 919.06 mbsf) are not
relative concentrations using the weightinacfors of very clear probably because of thextensve
Biscaye (1965).The deree of crystallinity for alteration that characterised these lithologies (Cape
smectite (v/p) s &aluated according to the methodsRoberts Sciencdeam, 2000). Hwever, the clay
of Biscaye (1965) an@horez (1976). Obseations fraction appears to be dominated by kaolinite with
and microanalyses of smectites were carried out hariable amount of a slightlyx@andable phase,
transmission electron microscoAEM/TEM) using possibly a mied-layer phase (illite-smectite or
a PHILIPS CM 20TEM/STEM fitted with an EIAX  kaolinite-smectite).
enegy dispersie X-ray detector operated at 180 Evaluation of smectite crystallinity ince(v/p)
beam diameter and a 200 x 108Gscanning area. In indicated that it is generally well crystallised in all
particular the smectite-richest Vels havre been samples ramined.The v/p ratio increases with the

Tab. 1 - Average composition of smectites from each analysed cosedslécalculated with O=10 and OH=2) obtained Tly¥M-EDS
microanalyses.

Tetrahedral sheet Octahedral sheet Interlayer

n.  depth (mbsf) Si Al Al Mg v Fe® Ti K Ca Mg

1 6.60 3.63 0.37 1.14 0.69 0.38 0.00 0.23 0.06 0.04
2 52.61 3.59 0.41 1.01 0.66 0.55 0.00 0.27 0.04 0.04
3 101.69 3.58 0.42 1.06 0.65 0.50 0.00 0.16 0.03 0.11]
4 154.45 3.28 0.72 0.05 1.42 1.01 0.00 0.05 0.02 0.32
5 200.25 3.39 0.61 0.58 1.10 0.69 0.00 0.13 0.04 0.20
6 255.83 3.59 0.41 1.56 0.19 0.31 0.00 0.20 0.02 0.08
7 313.83 3.52 0.48 0.89 0.87 0.53 0.00 0.08 0.03 0.18
8 341.46 3.37 0.63 0.80 0.61 0.77 0.02 0.21 0.06 0.14
9 406.34 3.65 0.35 0.68 0.63 0.81 0.03 0.22 0.12 0.03
10 435.34 3.18 0.82 0.11 1.38 0.94 0.03 0.04 0.05 0.34]
11 522.73 3.71 0.29 1.39 0.32 0.36 0.02 0.21 0.03 0.03]
12 602.05 3.81 0.19 0.63 1.10 0.63 0.00 0.04 0.03 0.05]
13 680.65 3.48 0.52 0.09 1.19 111 0.01 0.04 0.09 0.16
14 710.81 3.45 0.55 0.24 1.37 0.84 0.00 0.06 0.06 0.19]
15 735.71 3.36 0.64 0.08 1.67 0.81 0.00 0.05 0.07 0.23]
16 793.72 3.51 0.49 0.88 0.67 0.67 0.00 0.16 0.04 0.13]
17 815.86 3.44 0.56 0.17 0.95 1.18 0.00 0.05 0.12 0.15
18 901.20 3.44 0.56 151 0.17 0.39 0.00 0.10 0.05 0.17]
19 918.53 3.51 0.49 1.67 0.07 0.28 0.00 0.13 0.05 0.12]
20 919.06 3.54 0.46 1.55 0.12 0.38 0.00 0.14 0.05 0.10]




Crystal-Chemistry of Smectites in Sediments of CRP-3 Dirillcore 545
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increasing smectite content, and attains 1 in the mdA200), smectites at somevéds of the CRP-3 core are
smectite-rich samples. Coersely the mibed-layer characterised byery low Al and high Mg in the
clays of the intrusie body shw very low cristallinity —octahedral position.
index values (see also Fig. 1). Figure 2A plots the octahedral composition of
individual smectite microparticles, in terms of $Ak
Fe)V! vs. Mg"' (Paquet et al., 1987\Weaver &
SMECTITE COMPOSITION Pollard, 1973).The diagram shaes the compositional
fields of dioctahedral (nontronite and beidellite-
Smectites of CRP-3 core consist of populations ahontmorillonite), trioctahedral (saponite, wasite,
particles hging variable compositionsThe aserage hectorite) and intermediate smectitdhe limits of
composition of smectites at eachvéd are the dioctaehedral domain are Ak Fe*) > 1.3 and
characterised by the presenceAfin both the MgV < 1.83 atoms per half unit cellhe «istence
tetrahedral and octahedral positions and by partiaf an intermediate domain between di- and tri-
substitution of F& and Mg for octahedraAl (see octahedral smectites has been demonstrated
Tab. 1). In contrast to the v@rage smectite experimentally by Grauby et al. (1993). Compositions
composition in other sequences from the Ross Se& smectite microparticles of the CRP-3 coadl into
(Lopez-Galindo et al., 1998; Setti et al., 1997, 199&0th the dioctahedral and the intermediagdds, and
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the other sequences,g. CRP-1, CRP-2, CIRS-1,
dioctaivedral domain DSDP 270 and 274, from the Ross Sea (Lopez-
Galindo et al., 1998; Setti et al., 1997, 1998; 2000).
A plot of the aerage chemical composition of
smectites from each Vel (Fig. 2B) highlights those
M‘. b with an intermediate composition that are
i concentrated at certain horizons within the core.
intermedial domain suponite Al-Fe-Mg variation in the octahedral site of the
) . ) sbevensie smectites € 9. Weaver & Pollard, 1973), together with
! imtenmedinte smectsi= i compositional felds of smectites from CRP-1 and
. " T b . CRP-2 cores (Setti et al., 1998, 2000) are plotted in
M b figure 3.The plot shas that the CRP-3 smectites
have a more ariable composition than those of CRP-
? i 1 and CRP-2. In particulaone group of smectite
ek S dloetabedral donialn compositions occupthe central part of the diagram
nids and werlaps the compositionalelds of CRP-1 and
w! ap CRP-2 smectites (Setti et al., 1998, 20090)second
L group of smectites is characterised by higher Mg and
' are intermediate di-trioctahedral types. Qersely a
third group of smectites, which also includes those
from the altered intruse rocks, is close to thalV'
corner
These compositional characteristics are wordd
al by figure 4 (after McMurtry et al. 1983) whefd, Fe

il as 1 LB 3

v Mg ™ Fe,0,

)

rntronle
oL kombe-bewdellne

(Al'F Fe

intermedinl domain
LLE

(A Fe™ )"
trieet. domam

Fig. 2 - a) Octahedral composition of inilual smectite particles:
(Al+Fe®*) vs. Mg, the compositionalidlds of dioctahedral,
intermediate and trioctahedral domains from the literature (see
text); b) plots of &erage chemical composition of smectites from
each leel.

some plot close to the limit of those with
trioctahedral characteristic¥he number of smectite
microparticles with compositions that plot in the
intermediate ield is higher in the CRP-3 core than in

Mg AlO, MgO

Fig. 4 - TernaryAl ,O,-Fe,0,-MgO plot of smectite compositions
from the CRP-3 core, together with the compositioret$ of the
smectites from CRP-1 and CRP-2 cores.

saponite
field

Ca

CRP-2
field

montmorillonite
beidellite
field

CRP-1/ CRP-2

vi nontronite 3+
Al field Fe

Fig. 3 - Ternary Al-Fe-Mg plot of aerage octahedral site
composition of smectites from the CRP-3 core; smectit
compositional ifelds of cores CRP-1 and CRP-2 core are als K M
shovn. Montmorillonite-beidellite ield normally contains detrital g
smectites, saponite and nontronitelfls normally comprise Fig. 5- Ternary plot K-Ca-Mg of the smectite interlayer site
authigenic smectites. compositions.
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and Mg, «pressed as oxides, also reflect th&80.65 mbsf, whileifjure 8 illustrates a Fe-Mg rich
octahedral site distritiion. smectite particle from el 815.88 mbsf.
In figure 5, the interlayer composition (Ca, Mg, Figures 9-12 she clay assemblages of the altered
K; Tah 1) of smectites from eachWel is plotted intrusive rocks in the lwermost part of the core. In
with respect to depth. Smectites in the three uppearticular of figures 9 and 10 (leel 901.2 mbsf)
levels, in some Mels in the central part of the sectionshov a heterogeneous assemhblage composed of
and in the laver intrusve body plot in theiélds of several similar particles oAl-rich smectites together
CRP-1 and CRP-2 smectites, with K being the mostith Fe-oxides with acicular morphologin figure 10
abundant cation. Smectites atwer levels, and in apatite, feldspars, kaolinite and halite particles are
some leels of the central part of the core arealso present. Similarjthe clay assemblage fronvéd
characterised by higher Mg andver K contents. 919.06 mbsf (Fig. 11) is mainly composed Alf
smectites and acicular Fe-oxides, and fromele
918.53 mbsf (Fig. 12) aluminous smectites are
MORPHOLOGIC FEA TURES accompanied by some kaolinite.
OF CLAY PARTICLES

TEM obsenations on the clay fraction ahw DISCUSSION
smectite and other minerals to be distinguished by
their morphologies. Considering the ariations of smectite composition

Figure 6 shws authigenic Mg-rich smectites fromwithin the core, those in the wer part (between
level 710.81 mbsfThe smectite particles are t 602.05 and 815.86 mbsf) are Mg-rich and can be
and \ery alundant, and display curled edges typicatlassifed as intermediate types of the beidellite-
of authigenic phases. Figure 7 sisthe detail of a saponite seriesThese smectites also Ve lover K
curled edge of a Mg-rich smectite fromvldl and their &erage composition is similar to that of

Fig. 6 - Core lewel 710.81 mbsfTEM image shwing authigenic Fig. 8 - Core lwel 815.88 mbsfTEM image shwing authigenic
Mg-rich smectite particles. Fe-Mg rich smectite particle.

Fig. 7 - Core level 680.65 mbsfTEM image shwing detail of Fig. 9 - Core leel 901.2 mbsfTEM image shwing smectite and
curled edge of authigenic Mg-smectite particle. Fe-oxides.
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Fig. 10 - Core level 901.2 mbsf,TEM image shwing an Fig. 12- Core leel 918.53 mbsfTEM image shwing aluminous
assemblage with apatite, smectite, feldspars, kaolinite and halite. Smectites and kaolinites.

in CIROS-1, CRP-1 and CRP-2 cores that are
considered to be of detrital origin (Lépez-Galindo et
al., 1998; Setti et al., 1997, 1998, 2000). SimA&r

Fe beidellites also occur in some soilsAgftarctica
formed on tills dened from dolerites (Campbell &
Claridge, 1989), and detrital smectites frequently
contain signifcant amounts of K (Drief & Nieto,
2000). In clay fractions of the upper part of the
CRP-3 core, illite and chlorite are also present in
relevant amounts, and smectitesvieaa laver
cristallinity index. Bulk sediments are lgely
composed of detrital minerals such as quartz and
feldspars (Neumann & Ehrmann, thislwyme). These
characters suggest the smectites in the upper part of
Fig. 11- Core level 919.06 mbsfTEM image shwing aluminous the core are detrital.

smectites and Fe-oxydes. Smectites in the central part of the corevéls
between 154.45 and 522.73 mbsf) sha lamge
compositional ariability that does not appear to be
related to the taural or sedimentological features of

authigenic smectites described in the literaturg . sequence. In particulsmectites at iels 255.83
(Chamley, 1989; Cole & Sha, 1983; Desprairies et and 522.73 mbsf are the mot-rich, Mg-rich

al., 1989; Hillier 1995).The clay fraction at these ¢ actites are also present \(éds 154.45 and

levels is almost xclusively made up of ery well 435 34mpsf) as well as Fe-Al beidellites (lels
crystallised smectite while typical detrital clayzs1 46 and 406.34 mbsf).

minerals such as chlorite and illite are virtually gmectites in the altered igneous bodyvéks
absent. Smectite is als@wy alundant in the blk 901 20, 918.53 and 919.06 mbsf) are homogeneous
sediments (Neumann & Ehrmann, thislume). and can be classdgd as Al-rich beidellite-

In general, detrital smectites formed throughnontmorillonite. The clay fraction is mostly
chemical weathering processes on the continent ai8mposed of kaolinite with med-layers smectite-
accompanied by other clay phases andeha laver jjlite (or kaolinite-smectite). Preliminary chemical
crystallinity index. Consequentlya lage part of analyses coiin that the clay fraction of the igneous
smectites from the Wwer part of the CPR-3 core phody is mainly composed @fl-rich phases (Marinoni
would mainly appear to be authigenithe presence & Setti, 2001).
of alundant authigenic smectites in this part of the
core is also supported by thevastigations of
Ehrmann (this glume), Wise et al. (this @lume) and CONCLUSIONS
Aghib ES. (pers. comm.).

Smectites in the upper part of the CRP-3 core Smectites in Quaternary and Cenozoic sediments
(above 101.69 mbsf) are dioctahedral types and cdn cores CRP-1, CRP-2, C&-1, DSDP 270 and
be classiked asAl-Fe beidellites.Their interlayer and 274 from the Ross Sea are essentially dioctahedral
octahedral composition is similar to that of smectiteBe-Al members of the nontronite-beidellite series.
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Compositional and morphological features indicateomposition of the host sediments, as all these
that smectites in these cores are detrital and formea@rameters can greatly influence the alteration
through chemical weathering of lithologies probablyotential of wicanic material (Chamje 1989).

containing basic @lcanic or wlcanogenic material Scanning electron microscyppnvestigations by
(Lopez-Galindo et al., 1998; Setti et al., 1997, 1998 ghib FS. (pers. comm.) antise et al. (this
2000). volume) indicate that smectite is often present as

Smectites in the CRP-3 coreveahighly \ariable coatings on sand grain§.herefore, authigenic
compositions, suggesting authigenic and detritamectite might also be precipitated from fluids, whose
origins. In particulgrsmectites in the lwer (between origin (diagenetic, iidrothermal) is, at present,
602.05 and 815.86 mbsf), and in someels in the uncertain. Neertheless, it is knen that interstratiéd
central part of the core (154.45 and 435.34 mbsf) aminerals represent intermediate products of mineral
mostly intermediate members of the beidellitetransformation as a result of increasing temperature in
saponite series, and are considered to be authigeriéagenetic and ydrothermal emironments (Chamie
In contrast, smectites in the uppermost part of thE989). Diagenetic formation of interstraid minerals
core (abwe 101.69 mbsf) and in somevéds in the generally requires ausial depth > 1 km, and the
central section (lels 200.25, 255.83, 313.83, 341.460ccurrence of these minerals in the samples of
406.34, 522.73 mbsf) are Fe-Al beidellites that areasement rocks bew 901 mbsf might also be
compositionally similar to smectites from theattributed to lydrothermal actiity. This hypothesis is
CIROS-1, CRP-1 and CRP-2 cores and arelliko also supported by the occurrence of breccia at about
be detrital.Terrigenous smectite and other clay918 mbsf, which indicates thaydrothermal alteration
minerals are belieed to dene from the weathering at a laver temperature can fi@ accompanied, or
of the lithologies in thelransantarctic Mountains, followed, the emplacement of the igneous body (Cape
under a relatiely warm and humid climate (Ehrmann,Roberts Scienc@eam, 2000)The \ariations in the
this wlume). The clay fraction of an igneous bodychemical compositions of smectite, and the related
(below level 901.2 mbsf) is mostly composed ofdifferences in the origin of the mineral, are also
kaolinite with mixed-layers smectite-illite (or supported by preliminary chemical analyses of major
kaolinite-smectite). Codsting smectites are minor, trace elements and REE on the clay fraction of
homogeneous (Al-rich beidellite-montmorillonite).  the sediments of the core (MarinoniStti, 2001).

Processes thatage rise to the formation of the Since clay minerals represent reliable indicators of
authigenic smectites in thAantarctic Cenozoic paleoclimate only when tgeare of detrital origin, the
sediments are still problematicalutbthree main large aluindance of authigenic smectites in thevdo
processes may kia been inolved (Chamlg, 1989; and central parts of the CRP-3 core implies that the
Cole & Shav, 1983; Hillier 1995): paleoclimatic and paleoeimonmental reconstruction
1) precipitation from kdrothermal fluids; has to be approached with care.

2) alteration of wlcanic rock fragments and glass or
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