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Abstract - XRD analysis of weathering rinds on ocean-deposited ice rafted cl: /./----" ' "---x.\\
provide a snapshot of palaeo-terrestrial conditions prevailing at the time of |

formation. Investigation of weathering rinds found on some CRP-3 clasts indif

environmental conditions conducive to the formation of expanding clays, mo f:f:m;c
smectites. Although sampling for clasts with weathering rinds was limited, th wms IGE
obtained for the 272 to 300 and 480 to 561 mbsf (metres below sea level) reg mﬂmm SHEEF)
show rinds commensurate with relatively wet and warm terrestrial conditions | w7 "

would have been conducive to enhanced chemical weathering. The occurren RP

clasts with weathering rinds within those parts of the core substantiate The
palaeoenvironmental reconstructions of other investigators in the Cape Roberts Project.

INTRODUCTION help date Quaternary deposits and, in so doing, have
produced indirect evidence of environmental
A pilot study undertaken on the CIROS-1conditions €.g. Colman and Pierce, 1981; Chinn,
(Cenozoic Investigations of the Ross Sea) drillcor&981). The technique, as applied here is, though, a
examined the feasibility of using X-ray diffractionnew one. Nevertheless, it has a good scientific
(XRD) analysis of weathering rinds on ice raftedoundation. Essentially it applies the same premise as
debris (IRD) as a proxy for former terrestrialthe use of palaeosols for the determination of palaeo-
environmental conditions (Hall and Buhmann, 1989)nvironments €.g. the use of palaeopodsols to prove
Rind analysis is based upon the premise that the cldye presence of former forests by Bryson, ef al.
mineralogy/chemistry of the weathering rind is1965); the initiation of present-day pedogenesis in
developed under the terrestrial weathering regime amthtarctica as evidenced by chemical weatheriagj.(
then preserved during subsequent glacial transport aBalke, 1988) uses this same basic foundation.
off-shore deposition, it provides a proxy “snapshot” oElsewhere, particularly in hot desert studies, crusts
environmental conditions during the time of rindand varnishes are used to determine
development. Results from the initial study (Hall anggalaeoenvironmental conditione.. Watson and
Bihmann, 1989) were able to demonstrate thigash, 1997). Thus, despite the new approach, the
viability of this approach with, for CIROS-1, theprinciples are founded on those applied elsewhere,
identification of cold, wet subaerial periods withparticularly with respect to the use of palaeosols.
podsolized soils forming under forest or scrubland. Analysis of IRD weathering rinds, where no post-
An adjunct to the weathering rind analysis used oflepositional change has taken place, should have
CIROS-1, but not undertaken on CRP-3, was that elvery expectation of offering indications of former
recording clast weathering fluctuations through theerrestrial environments. What is unknown is time:
core coupled with how those varied as a function afme for formation (a reflection of the degree of
clast lithology. Based upon both the degree of clagiarmth and/or moisture) or the actual tinoé
weathering and weathering rind analysis, the CIROSfbrmation (as the IRD may be subject to a substantial
data were able to show that rind alteration did natansport period). Despite these limitations, conditions
occur after deposition, and the same assumption ase otherwise relatively “ideal”. Clast transport by
used in the interpretation of the CRP-3 rinds. glaciers, largely in a subsurface situation when clasts
Weathering features have, for a long time, beeare passively received by the glacier within the
used to date Quaternary deposits (see Brookes, 19%&cumulation zone, means that ambient temperature
for a discussion), but these have generally beeend moisture conditions severely limited any
simple visual observations or field techniquesalteration or rind formation - chemical weathering
Weathering rind development has also been used being extremely limited if at all active in the

*Corresponding authofj.smellie@bas.ac.uk)



276 K. Hall et al.

englacial situation.Thus, the character of theconditions). Unfortunatelythe evzaluation of the
weathering rind must reflect the nature of themectite in the cordrfe fraction of CIRDS-1 reported
terrestrial emironmentprior to its incorporation in the review by Cape Roberts Sciendeam (1999,
within the glacier that transported it to its oceani@. 96) tales no cognizance of théntlings by Hall
depositional situation. In the case here,g@ar and Bihmann (1989), whichgued for the \armer
components of the glacieif not the whole glacigr moister conditions, and mothose data may a
are presumed to be cold-baseWith the clear helped resole the clay mineralogy for therfe
foundation that chemical alteration of the clast i§action.
going to be limited by \ailability of water and the In the clay mineral analysis of the CRP-1 core
presence of posite temperatures, grenglacial or (Ehrmann, 1998, p. 617), it isqared that although
subglacial transport is going to beveeely inhibiting Smectite is often a result of chemical weathering
with respect to possible chemical weatheringeifEv under varm, more humid conditions, because of the
with a warm-based glacieenglacial temperatures will “... evidence of ice being present on the nearby
still inhibit chemical weathering. In this latter caseAntarctic continent throughout the time represented
certainly the potential arises for chemical weatheringy the core, chemical weathering on land is not a
at the glacier baseub this must be ery slov due, likely source of the high smectite conterithis does
again, to subglacial temperaturédlhile supraglacial Not have to be the casélhe presence of glaciers or
debriscould be subject to chemical weathering adce caps within an area is not an inhibitor (unless of
rock thermal conditions may be condueifor part of course all the rock is sered) for as is the case in
the summernevertheless, water vould still help limit the present-dayAlaska pan handle, there is a
this and rates wuld, of necessity beevy slav. Thus, Substantial ice ocer coupled with xtensie forest
although in-transport weathering has to be consideredfOVth and yet, within the surrounding ice-free areas,
attributes would suggest that here it is not athem situ development of clay m_mgrals occurs.
significant factor and may play no role whatsee Despite the cold air temperaturgs within f&tarctic,
The possibility ofpostdepositional weathering rock.temperatures are subs.ta.ntlrfllly \abaero and d_o
must be considered. Mever, the agument applied MO IN the_ summerprove a limitation on the potential
here is the same as that in Hall and Buhmann (198497 chemical weathering. Ratheas Balle et al.
for which more material werevailable, namely the (1991) hae shavn for the Antarctic, the main
absence of weathering rinds on all clasts. If posfimitation on chemical weathering is not temperature
depositional weathering occurred then it should bt rather the wilability of moisture.As the units for
expected that all clasts auld shav some sign of yvhlch sme_ctlte is identiéd appear (from the core
weathering This was not the case in the QIR core interpretations) to be ones with enhanced moisture

and appears not to be the case in the CRP-3 cof¥ailability, there is no reason whclay minerals

That not all transported clasts shouldwsheeathering could not be.produced, @én suficient time, in
is to be epected as thewill comprise a mix of weathering rinds on rockx@osures (later to be

surficial weathered debris me&d with sub-surdce ground devn by glacial action to help puade the

(eroded) non-weathered debriBhis agument also fines). Certainly research has shwthat gven

helps further justify that in-transport weatheringsw mo'S“”e therAntarct_|c summerrock temperaturgs
negligible (i.e. as opposed to air temperatures)are coneutd

Although smectite &s recognised in CRP-2/2A chemical yveathgring (see Meiklejohn .ano'l Hall, 1997
(Cape Roberts SciencBeam, 1999, p. 95) andfor a b.rlef.rewew). Thus, __the prllnC|pIe that
identified as being representa¢i of “...hydrolysis Weatherlng_erS on IRD suning glacial transport
under climatic conditions betweenawn-humid and and deposition in éfshore sediments can, particularly

cold-drv in ervironments characterized b slav in conjunction with the clay mineral analysis of the
¥ N . . ey fine fraction, ofers a \aluable insight into palaeo-

movement of vater.” the interpretation of the results terrestrial conditions

(Cape Roberts Scienckeam, 1999, p. 96) lacks :

derati £ then sit theri ind last In summary there appears to be justidtion for
consideration ot theén Situ weathering rinds on clasts y,q analysis and interpretation of weathering rinds and

within the core and the information that it couldthat these data, if ingeated with those for the clay

provide regardin.g t_errestrial _cond_itions.This mineralogy of theifhe fraction, vould be a waluable
argument can be justéfd by consideration of the core adjunct in the understanding of former terrestrial

matrix clay mineralogy (Cape Roberts Sciefl@am, .qnqitions. Thus, with this premise the preliminary

1999) that states smectite concentrations iN@3RL i 4ings are reported here. Once the clay mineralogy
at ¢.290-320 mbsf (unit 12) may be a result ofesal ¢y, (he core and the palaeodronmental

causes, one of which may be “ammer and more |ocqnstructions based on the sedimentological studies
humid conditions...resulting in more intense chemicg|;o aailable, the rind information may be iredd.
weathering’. This is actly the rgion (unit 12)

where Hall and Bihmann (1989) recorded smectitg g

concentrations in the weathering rinds of IRD (also

for unit 22 where theifie fraction analysis also Cape Roberts Project drill core 3 (CRP-3aswv
shoved a transition from smectite-rich to illite-rich obtained from a sea-floor high about 12 knfrgifore
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from Cape Roberts at 77.010%, 163.6404E in palaeoewmironmental reconstrucie evidence.
western McMurdo Soundlhe core vas drilled to a However, the relationship between those studies and
depth of 939 m and had a 97% reepy. Details of the detail that wuld be aailable from the weathered
the core dvision and reconstructed depositionaklasts remains unclearpartly because the
environments are pnded by Pavell et al. (this interpretation of theifie fraction mineralogy lacks

volume). any obvious terrestrial point of reference to help
validate the gplanation.The smectite may be due to
TECHNIQUE a period of increased terrestrial chemical weathering

) . or it may reflect a change in source area for the
Clasts that appeared to shaigns of weathering sediments (and hence the chemistry).

to be used in XRD analysis were collected from the . - .
Figure 1 shws the preliminary results. Ingure
core. Samples of rock were reweal from the centre g P y

of each clast (here considered to be “unweathere 'Hey were collected. Note, of the samplegiable

and from the edges where the rinds occurred (the, o gpgy weathering rinds. In terms of mineral

‘weathered” component) using a 0.5 mm drill bltcomposition of the core, clasts could be clasgiinto
operated at 20,000 rpm. Each samplaswthen

A L two groups of samples (Fig. 1):
ground to <50m in diameter for XRD analysighis Group 1 = clasts at depths 272.11-272.15 (our sample
was conducted on the samples mounted on glass- #2), 290.21-290.27 (#3), 297.79-297.83 (#4)

f"deszuts'”gsacftong:he tp“"’ds.rt.mouni s tsca”.”ed ¢ 300.0-300.05 (#5), 480.69-480.74 (#11), 537.51-
rom 2 10 63 at amblent conditions at a step size ol - 537 54 (413) and 561.75-561.80 (#14),

0.02 and a collection period of 5 - 10 seconds pe roup 2 = clasts at depths 305.71-305.72 (#6),

Ztetp} r:iim';']es "r"erena's‘;fs"‘:cﬂnw'thl g'yrﬁienror' tlo 306.55-306.57 (#7) and 478.68-478.70 (#9).
etermine the presence atpanding clay erais. In Group 1 the samples from the centre of the
Identification of the minerals in the sampleasv . . .
clasts contain a high amount of weatherable minerals

based on the follwing criteria: (1) quartz - 0.425, uch as feldspars and amphiboles as well as quartz

0.334, 0.245, 0.228 and 0.182 nm reflections, ( . .
feldspars - 0.635, 0.404-0.420, 0.315-0.325 nzr;m”OI clay minerals (Figs. 1A, C, E, 6, H and J). In

reflections, (3) amphiboles - 0.826, 0.324, 0.304 a %JSS: gg%su(sﬁrlwg. tlhce;);:lk;::tiga;'ihl);; aensgrr;gtle()j(_:g
0.270 nm reflections. Identdfation of clay minerals 9 b y

was based on the foldng: Kaolinite and chlorite reflections (Sm'th. 1956 in Huang, 1986).
) : Unweathered clasts in Group 1 shthe presence of
were recognised by the reflections at 0.71 nm and 1 L T )
: ) .. ~1.2 nm reflection indicating the occurrence of 2:1
nm respectiely (Barnhisel and Bertsch, 1989) while . . .
. : : . expanding clays in the presence of micacaeous
mica was identifed from the 1.0 nm reflection.

Expanding 2:1 type of clays were recognised by thmlnerals.The X-ray re.flectlon for ?qaandnjg clays is
. . ependent upon cation saturationgamic solent
reflection at around 1.7 nm in glycerol-saked

samples. solvati_on and relatie humidity such that x-ray
reflections could ary 1.2 to >1.5 nm (Douglas,
1986). The samples shwn in figure 2 are not
saturated with spedd cation hut are solated only
The absence of striations on the tested clastgth glycerol. Thus, depending on which species is
suggests that tlyewere either not under a temperategresent ¢.g. montmorillonite, beidellite or nontronite),
glacier or were not in a subglacial position. Rates ¢fmectite gpands at glycerol saltion from 1.5 to 1.8
chemical weathering of clast®.f. Colman and nm. Vermiculite normally does notxpand bgond
Pierce, 1981) indicate the obsedvrind thicknesses 1.4 nm upon glycerol soation kut does gpand to
(c. 0.2 to 2.0 mm) wuld, under relatiely wet and 1.6 nm upon etflene glycol solation. Also, in terms
warm conditions (see Colman and Pierce, 1981 ard surface chage, vermiculite has a higher chge
Cernohouz and Solc, 1966) @ketween 30 000 and (>0.65 chage per formula unit) than smectite (<0.65
180 000 years to form. Here conditions may noteha chage per formula unit).
been quite as wet as those used in thevd#on of Figure 1 shws the minimal diferences between
the abee weathering rates and so such time spaiiBe unweathered core and the weathered rimmat. F
would ague well for deelopment under terrestrial example, fgure 1E shws similar XRD patterns
weathering conditionsThus, een if clasts with between the unweathered core and the weathered
striations were found in the vicinity of those usednarmgin of clast no. 4. Hwever, after glycerol
here, the required time span®wid ague aginst ay  solvation, the presence of higher amounts of 2:1
significant in-transport weathering. expanding clays (probablyevmiculite and smectite)
Clay mineralogy of theife fraction from the in weathered rind iswedent from the shift of the
cores vas underta&n in CRP-1 and CRP-2/2A diffraction peak from 1.2 nm to 1.42 andea 1.85
(Ehrmann, 1998; Cape Roberts Sciefeam, 1999, nm ragions (Fig. 2A). Clast no. 5 (300.00-300-05
p. 94) and CRP-3 (Marinoni and Setti, thislwme) mbsf) also shes XRD patterns ery similar to clast
with the aim of this information prading some no. 4. In fgure 1A, untreated clast no. 2 sh®

RESULTS AND DISCUSSION
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Group 1 - Clast #2
272.11 - 272.15 mbsf

®

Group 2 - Clast #7
306.55 - 306.57 mbsf
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0426 0.252
0317 0248
12 A 0229 0181

©
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Group 1 - Clast #3
290.21 - 290.27 mbsf

©)

Group 2 - Clast #9
478.68 - 478.70 mbsf

® Group 1 - Clast #4 G Group 1 - Clast #11
297.79 - 297.83 mbsf 480,69 - 480.74 mbsf
2
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C
Q © Group 1- Clest # ® Group 1 - Clast #13
< 300.00 - 300,05 mbsf 537,51 - 537.54 mbsf

MM

0]

Group 2 - Clast #6
305.71 - 305.72 mbsf

e

Group 1 - Clast #14
561.75 - 561.80 mbsf

d-spacing (nm)

Fig. 1 - Diffractograms for the 10 clasts analyzed using x-rafyadifion. Group 1 - Clast Nos. 2 (A), 3 (C), 4 (E), 5 (G), 11 (F), 13 (H),
14 (J); Group 2 - Clast Nos. 7 (B), 9 (D), 6 (I).

similar XRD patterns to untreated clast no. 4 Generally smectite does notxest in sediments
(Fig. 1E) indicating similarity in mineralogy buried deeper than 4 km because Mg, Aeand/or
However, figure 2B does not Wa the reflections at Mg are incorporated in smectite to form mica or
higher d-spacings at 1.42 and 1.85 nm that amhlorite (Borchardt 1986). In terrestrialv@ronment,
present in clast no. 4 probably indicadi of the one of the general pattays related to the origin of

differences in weathering wronments of formation.

2:1 panding clays is the remal of potassium from
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solution in almost ay parent material (Borchardt

(A) Group 1 - Clast #4 1986).
: Glycerol sovated 297,79 - 297.83 mbsf Group 2 clasts he their centres dominated by
guartz (likely igneous (primary) deration as these

Unweathered Rock

clasts are from tholeiitic doleriteshmphiboles and
-------- Weathered Rind

other weatherable minerals are not apparent from x-

1.42 nm ray diffractograms; if present, tlyeare in minor
1.85 nm y guantities. Generallywhere weathering rinds are

' present in this group, noxpanding clays €.g.
smectite) are apparenthis could be due to i@
amounts of feldspars, amphiboles and possibly mica
or chlorite as well as the moisture conditions.
Removal of potassium from mica and Mg from
chlorite are major sources of smectite amdmviculite
formation in soils.Thus, those clasts in Group 2 may
have originated from areas that are too dry to limit
the neoformation of smectite or too wet where the
removal of Mg is so intense pventing the formation
(B) Group 1 - Clast #2 of smectite (Borchardt 1986).

_ Although the clast sampling for weathering rind
i 272.11 - 272.15 mbsf analysis lacks ansystematic basis and is not tied
directly to other obsemtions €.g. lithological
changes or striated clasts) it canyerheless, dér
some ancillary information in support of other
hypotheses. &r example, Atkins (this wlume)
suggests that clast features aadrfcs, in the upper
330 mbsf of the core are consistent with the presence
of nearby ice gperiencing repeated adwuce and
retreat. Pwvell et al. (this wlume) also suggested that
the upper 400 mbsf represent shatjomarine,
glacially-influenced sediments deposited during
several glacial fluctuations.The lithofacies
interpretations indicate that a substantial amount of
meltwater was present and this, tak with the high
d-spacing (nm) rates of sediment discly®, suggest the presence of a
Fig. 2 - XRD diffractograms of glycerol soated samples of (A) warmer Clima-te than at Preser-]t (IF‘HH et al, this
G?c')up 1 - Clast no. 4 and (B) Group 1 - Clast no. 2. XRDVOlume)' 'Ra”_’]e and\.Skm (this wolume), from
reflections at 1.42 to 1.85 nm shdhe presence of 2:1xpanding palynological information, suggest the presence of
clays in the weathering rind of clast no. 4. Nothofeggus and podocarpus conifers and, at some
sites, there may ke been lo scrub or closed forest
and &en possibly wetland egetation.Taken together
this information suggests anw@mnment conducie to
chemical weathering in which smectite weathering

mica or Mgtfrclgm CE|OI’(;tte ;ngélge;cgmg |(0r hlljénég) rinds could occurThe limiting factor for chemical
environment (Borchardt, » bouglas, )Weathering in theAntarctic ewvironment is vater

Because our samples were collected from sedimer*tt@alke et al, 1991), it the conditions, glacial

shallover than 4 km, it wuld appear that the outwash and possible wetlandgetation, coupled

presence of ermiculite and smectite in the clasts of it \warmer conditions that ould give a longetthan-
Group 1, were probably formed as a result (g

Intensity

shoulder 1.2 nm

] i - . Opresent summer weathering periodpuld have been
terrestrial weathering processes in moist (or humig)onducie to bedrock/clast weathering and smectite
ervironment. The laver intensity of the x-ray production.Thus, the occurrence of clasts with
reflections at 1.42 and 1.85 nm for some clasts ifeathering rinds and the presence of smectite at 272-

Group 1 may indicate source areas of less humgho mbsf depths wuld be in accord with a more
environment. In other wrds, vater is less\ailable to conducve chemical weathering gitonment.The

remove K from mica or chlorite. Caution must becorollary to all this is that it wuld have been
obsered in interpreting the relationships of smectit&urprisingnot to have found weathered clasts at these
and moisture conditions because, under restrictelpths and so their presence supports such a palaeo-
environment, smectites may precipitate from soiknvironmental interpretation.
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