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Weathering in the Lake Baikal watershed during the Kazantsevo (Eemian)
interglacial: Evidence from the lacustrine clay record
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Abstract: The clay-mineralogical record of a piston coreokexred on an elevated plateau in the northern basin
of Lake Baikal has been investigated for the Keswt interglacial period (i.e., Eemian s.s. eqeintin
northern Europe). The age model (as inferred fralagomagnetic intensity) suggests that this stpgess

ca. 128 to 117 kyr BP. Relative clay mineral abumes and clay-mineral ratios are used to recoridtiac
weathering conditions within the Baikal watershed aub-millennial resolution, and suggest thatcihg
record is highly variable. A bimodal clay-data distition is in agreement with different clay sows@nd/or
formation between the studied glacial and inteliglgueriods. High amounts of smectites in the Tiazigl
samples (128.7-136.4 kyr BP) may be explained bydalitional source of neoformed smectites durirg th
glacial stage. In addition to the classically usetkctite/illite ratio, the mineralogical resulte amtegrated by the
calculation of a hydrolysis index that takes inbo@unt the abundance of all clay species and segisitivity to
chemical weathering. A principal components anal{BICA) of the Baikal clay minerals allows the camigon
of the clay parameters with regard to weatherimgdd@ns. Clay data are further compared (i) wiidtaim and
pollen profiles, (ii) with pollen-based quantitaiveconstructions for the same core material, gipavith other
climate reconstructions for the Lake Baikal regim Siberia. Several features of our record arnelibigted
here. During the early period of the Kazantseverilacial (128.4-125.2 kyr BP), weathering processenain
controlled by physical reworking for more than 2 kjter the initial transition from cold to warmruditions.
Inception of chemical weathering starts only after 125 kyr BP, a period coincident with the warimes
conditions according to both the pollen record baypdhe strongest chernozem development in Sibesods.
Within the interglacial interval, the hydrolysidiex displays a two-step increase, punctuated binarmam
value ca. 122 kyr BP. The increasing but irregtrand persists after the transition from the Kazewb
interglacial to the Zyryanka glacial (~ 117 kyr BPeak chemical weathering, as inferred by clayngbs, lags
the interglacial/ glacial transition by at leadty2. This suggests that pedogenesis remains aafigethe
interval of surface stabilization. Lake Baikal claynerals trace the nature of the main weatherorglitions
within the watershed. We note any increase in giaysveathering is rapidly recorded in sedimentday c
assemblages but the mineral imprint to chemicalthezang changes is more gradual, lagging reconstduc
climate conditions over the lake by ca. 2 kyr.
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1. Introduction

Climate reconstructions inferred from spatiallyetse archives, including Greenland ice-cores (Dearshet al.,
1993; Alley et al., 1995; Rasmussen et al., 208@)ine sediments (Cortijo et al., 1994; Keigwirakt 1994)
and lacustrine records (Thouveny et al., 1994; &ietial., 2001; Tzedakis et al., 2003) raise thestjon of the
climate stability during the last interglacial, andparticular the occurrence of a mid-Eemian aaplie.g.,
Karabanov et al., 2000; Sirocko et al., 2005).

In Siberia, climate reconstructions for the lastirglacial (Eemian s.s. or Kazantsevo accordingumpean or
Siberian stratigraphy, respectively) were mainlgived from pollen analyses (e.g., Velichko, 1984ki#pov
and Volkova, 1994; Volkova and Bakhareva, 1995s#odeposition and soil complexes (Vorobyova, 1990;
Chlachula, 2003; Chlachula et al., 2004). Basedadaeofloristic reconstructions of 25 localitidse fast
interglacial climate over Siberia was wetter andmex than present (Velichko, 1984). In the LakekBbharea,
annual average precipitation was estimated begregtca. +50 mm, January winter temperatures weered to
+ 8 °C higher, although summer temperatures rerdaittse to, or only slightly higher than present

(ca.+2 to +4 °C in July). Overall, however, sucbomstructions remain rather imprecise for the Badkaa due
to the scarcity of data points in this region (\¢eko, 1984). Lake Baikal sediments also constipateerful
archives of past climate especially over glacial enterglacial cycles (e.g., Williams et al., 19%tachev et al.,
1998; Kuzmin et al., 2001; Kashiwaya, 2003). Pgtaeductivity during the Kazantsevo period has been
investigated previously within the context of thailgl Drilling Programme (BDP) at coring sites ioth the
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southern (BDP-93/2) and northern basins (BDP-98P8&2, VER-93/2; Grachev et al., 1997; Karabanal.et
2000; Prokopenko et al., 2002). These studies @telitthat Lake Baikal sediments recorded high diato
abundances and biogenic silica (mainly derived fdi@boms) during the last interglacial interval €8k studies
also indicated that the interglacial spanned agrviai between 127 and 115 kyr BP and was punctusted
short mid-Eemian cooling at ca. 122 (Karabanou.e800) or 120 kyr BP (Prokopenko et al., 2002pre
recently, centennial diatom (Rioual and Mackay,30hd pollen (Granoszewski et al., 2005) recoml&tbeen
investigated of the Kazantsevo interglacial anaeissed transition periods from the northern bagihake
Baikal. Both approaches indicate that the Kazawtgatended between ca. 128 and ca. 117 kyr BP peitlic
interglacial conditions after 124 kyr BP. More iagdh pollen-based quantitative reconstructionsd3av et al.,
2005) suggested a sharp increase of precipitation after 128 kyr BP but only a gradual warminiglt7 kyr
BP. Temperatures and precipitation decreased @dtek21 kyr but the moisture index remained highunid a
sharp turn towards a drier climate after 118 kyr BP

Here, we present a 500-yr-resolution clay-minegzabrd for the Kazantsevo interglacial (i.e., Eensan
according to European stratigraphy) and assoctaaeditions to the preceding (Taz or Saalian) atidwing
(Zyryanka or Weichselian) glacial stages in thed_Blaikal region. Since clay minerals in sedimeaps@sent a
record of weathering conditions in the watershiedythave been used as a proxy for palaeoclimate
reconstruction (e.g., Chamley, 1989). In Lake Blitkee long-term evolution of clay-mineral assengels has
been investigated for the last climate cycle avadoring stations on Buguldeika Saddle (Melleslet1995;
Yuretich et al., 1999) and the Academician Ridgeg@t et al., 2003). To date, however, high-resofusitudies
have been performed only on the Holocene and lasiad periods (e.g., Horiuchi et al., 2000; Faaedl Boés,
2008-this issue). Increasingly, multi-proxy apptteagto environmental reconstruction can help matem
robust climatic interpretations (e.g., Lotter, 2P&8d here we specifically compare our clay data gualitative
and quantitative reconstructions derived from bi@diatom and pollen) proxies made on the same waterial
within the framework of the EIGONTINENT project (EVK2-CT2000-0057; http://continent.gfz-pdam.de/
front_content.php).

2. Materialsand methods
2.1. Lithology and chronology

The piston core CON01-603-2(53°57'N, 108°54' E) ma&®vered from a water depth of 386 m in the resrth
basin of Lake Baikal. This elevated plateau, sekbetfter a seismic reconnaissance survey (Charddt 2005),
corresponds to a northern extension of the AcadamRidge and was called "Continent Ridge" (Fig.1d)any
palaeoecological study, core integrity is import&ure disturbance can come from a number of pseses
including bioturbation, surface sediment reworkitugbidites and tectonics. While bioturbation (dgé or
punctual burrows) occurs especially in the loweat p&the interval highlighted below, we know from
contemporary studies that bioturbation does notfzahlarge impact on core stratigraphy (e.g., Magtial.,
2005). Reflection seismic and side-scan sonarataindicate that at this location surface rewagkand
evidence of turbidites are negligible, althoughr¢his limited evidence for tectonic features (Céiet al., 2005;
Fig. 1).

Based on smear-slide observations, we focus ody sto a 147-cm interval, between 603 and 750 cnthdep
This interval consists of three lithological unitsfined by gradual contacts (Fig. 1). The top 1Q(gnit 1: 603-
613 cm) are composed of diffuse to finely laminatiyey sediments with silts, with frequent to fdiatoms
observed on smear slides (i.e., 10% < diatom amgeda 20%). The next core meter (unit 2: 613-712 cm
corresponds to a biogenic sedimentary interval asmag of clayey silts to silty clays, and the carériely to
coarsely laminated. Smear slides indicate thabdiatare dominant to very dominant (abundance >60%hjs
section. The lowest lithological unit (unit 3: 7280 cm) is composed of diffuse silty clays withofuent
diatoms (<20%).

The chronology of core CONO01-603-2 is based ongmategnetic data tuned to a reference curve (Degtory
al., 2005) from ODP Site 984 (Channell, 1999). phtaeomagnetic-derived age model was constrained by
seven correlation points between 603 and 731 cragenmodel has been estimated for each sampledsy i
regression between adjacent reference points {frid.he applied age model suggests that the stisdiditnents
accumulated between ~ 113.6-136.4 kyr BP (603-1%)0 the sedimentation rate, calculated by fourdine
regression lines (Fig. 1), averages at ca. 4 cniwktiveen 603 and 618 cm. It reaches 9.5 cm/kyrdmtve18
and 710 cm, then decreases to 4.7 cm/kyr betwe@maid 745 cm and again to 2.6 cm/kyr between 745780
cm (Fig. 1). Note that the changes in the estimagetiment-accumulation rates are in good correspuewith
the observed lithological units, and are similartfee whole diatom-rich interval. The sampling fdeton
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allows for a centennial resolution for most of thatom-rich interval: 1 cm= ~90 years between 6%8-6m and
677-710 cm; 1 cm= ~ 130 years between 650-677 tm.r&solution is lower for the upper and lower elay
lithological units: 1 cm= ~ 250 years between 608 618 cm; 210 years between 710-745 cm and 398 yea
below 745 cm.

Fig. 1: Core CONO1+IBM-603+IBM-2: location map, sedimerthhélogy and age model inferred from
palaeomagnetic measurements (Demory et al.. 2005).
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2.2. Clay—mineralogy analyses

The clay approach defined for the complex Lake Blatkay-mineral assemblages has been developed in a
companion paper focused on the last glacial anddéole (Fagel and Boés, 2008-this issue). Here eveftire
give only a brief outline of the applied methodolo@ualitative and semi-quantitative estimationslay/-
mineral assemblages are based on peak intensityunggaents made on X-ray patterns processed ortextien
aggregates (Moore and Reynolds, 1989). A few graindsied bulk sediment were sieved under wateOgi 3.
The <2 um fraction was taken from the suspensitar afsettling time calculated according to Stakeis The
suspension was placed on a glass slide and drismhight at room temperature. Routine XRD clay asedy
included, in sequence, the recording of three Xpatyerns under air-dried or natural condition (@fer
solvatation with ethylene-glycol during 24 h (E@hd after heating to 500 °C for 4 h (H). Semi-qgitative
estimations (£510%; Biscaye, 1965) of the main clpgcies are based on the height of specific taflex
measured in general on EG runs. The intensities@rected by a weighting factor and values thenrsad up
to 100%. Calculations of the relative abundancas®identified clay minerals are shown below ibl€al (for
full details see Fagel and Boés, 2008-this issue).

In order to take into account the whole complegityhe clay assemblage, we also calculated a hysisindex
(HI). This parameter, first defined by Thorez (186tegrates the abundance of each clay-minerisp and
their weathering sensitivity (Jackson's stage numlzekson, 1963), as follows: Hiz'(abundance of clay
species x stage numbe}){" (abundance of primary minerals) wherenumber of secondary minerals,
m=number of primary minerals.
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Table 1: Calculations of relative abundances of identifi¢alyaninerals

Clay species Relative abundance calculation
lllite 1 10 A(EG) x|

Random 10-14 mixed-layers 112 A(EG) x 2.5

Chlorite s.1. 114 A(EG) x 2.5

Chlorite fresh % Chlorite x | 14 A(H)/I 14 A(EG)

Weathered chlorite or vermiculite s.I 1% chlorite fresh

Al-smectite 117 A(N) x5
Swelling clay or smectites s.| 110 A(500)-110 A(EG) x |
Kaolinite | 7A(EG)X[I3.57 A(N)/[13.54 A(N) + 13.57 A(N)]] xL.4

Smectite/illite ratio S/ (Biscaye, 19611 7A(EG)/110 A(EG)

The calculation requires the designation of thept minerals characterized by a stage number(ioé.1 fresh
mineral). We retain the illite and the fresh chiesias the two main parental minerals. We attriaugage
number to the secondary minerals according to gesisitivity to chemical weathering, according twiiez
(1985): 2 for 10-14 mixed-layer, 3 for degradedocité, 5 for smectite and 6 for Al-smectite. Ndtattwe do
not take into account the kaolinite abundance withe calculation as it does not vary throughoattto
investigated sedimentary records. Baikal kaoliigtmainly a reworked mineral (Vogt and Larqué, 2002
probably derived from Mesozoic or Cenozoic sedirmgntocks, and as such its presence in termsef lat
deglacial climate changes is not relevant here.

In addition, relationships between the clay paranmsethemselves were investigated using the muikitegr
indirect ordination technique of principal compotgeanalysis (PCA), on a correlation biplot (witmte¥ing and
standardisation of the variables). This technidlesa (i) dominant patterns in the dataset to beemeined, and
(i) the relationships between the clay minerafstigh Termination 2 and the Kazantsevo interglaoidle
explored. PCA was carried out using the softwaickgge CANOCO 4.5 (ter Braak and Smilauer, 2002).

3. Clay-mineralogical results
3.1. Kazantsevo and transition clay record

The investigated clay-mineral record in CONO1-60832ans the time period between ca. 136 and 11BRyr
i.e., the late part of the Taz glacial, the fullzdatsevo interglacial and the transition to thet ggacial Zyryanka
stage. In order to aid interpretation of the clegfites (Fig. 2), we identify by eye 7 units or glzones (C2)
based mainly on changes in the smectite/ illitd) (Btio. These zones are labelled from 1 to 7 ftbmbase of
the studied interval at 750 cm (~ 136 kyr BP) e tthp at 603 cm (~ 114 kyr BP; Table 2).

Unit CZ1 (750-719 cm, ca. 136.4-128.7 kyr BP) igked by an increase of the S/I ratio from valuearound
0.5-0.8 in the lower part to a maximum of 2.5 betw@&22 and 719 cm (~ 129 ky BP). The abundance of
smectite remains stable and high (mean of 3 8% B&).illite abundance is low (mean value 34% +hksat
standard deviation), with an upcore decreasingitren
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Fig. 2: Evolution of the clay-mineral assemblages of theisd interval 603-750 cm presented along model age

(Demory et al., 2005), core CON01-603-2 from theh®rn basin of Lake Baikal. The bold curve reprasahe
5-point running average. The Kazantsevo interglaisiainderlined by the dashed area.
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Other clays are present in similar abundances, avittean of 8% +3 for degraded chlorite, 7% +2 eslr
chlorite, 7% +2 of kaolinite. Minor Al-smectite (4%2) and traces of mixed-layers (2%z+1) complete the
assemblage. The mean hydrolysis index value (ML, F)iis high with a broad range of variation (m&at2).

We observe a pronounced decrease in the S/I m@dtin unit CZ2 (718-710 cm, ca. 128.4-126.8B®). It
reflects a two-step increase of illite up to 45% arconcomitant decrease of smectite down to <Z0%re is
an opposite behaviour between smectite and illitettiee relationship is not perfect (Fig. 2). Thghast amount
of illite (>55%) is observed at 716 cm (ca. 128 Bf), close to the lithological limit between clgyend
diatom-rich sediments. The fresh chlorite fractdso increases whereas degraded chlorite and Adtgme
decrease. Like S/I, HI also significantly decregsesan 4 + 1).

Unit CZ3 (709-692 cm, 126.7-125.2 kyr BP) is defirmy a stable and low S/I ratio (~0.2): the decezsllite
is counter-balanced by a slight increase of sneecfiom ~20 to 30%. The illite abundance is higrdyiable
from one sample to another in this short inter@8<illite<58%), but the 5-point running averag®ides a
significant decrease, evolving from 45% to 35%.sTihterval is marked by relatively higher valuesie§raded
chlorite. The HI values remain low (mean 3 £ 1)idgithe whole interval.

The S/l ratio increases within a short period widtiat the base of unit CZ4 (691-673 cm, ca. 1233.21kyr
BP), after which it remains more or less stabl@@-25%). S/l gradually decreases in unit CZ5 (638-6m,
ca. 123.1-121.3 kyr BP). Such evolution mimics¢beve of smectite abundance. We note low mean saitie
smectite and the lowest individual values (<10%gnrinterval between 668-658 cm (minimum ca. 12225
kyr BP). CZ5 is characterized by the second magakpn illite (45-50%). HI depicts a similar curtre@an S/1,
with mean value higher or lower than 4 in CZ4 abrespectively.

The next unit CZ6 (657-625 cm, 121.1 -118 kyr BfP3haracterized by an irregular increase of thegit up
to 2.5 (at 626 cm). The trend is interrupted by shiort negative excursions at 650-649 cm (ca. 12@.BP)
and 638-635 cm (ca. 119 kyr BP). The degraded itblmaches its highest abundance (>19%) withi thi
interval. HI increases by a factor of 4 within CZthe scattering of the HI values increases agdie. 3-point
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running average depicts three negative excursibea.d.20, 118.5 and 117.5 kyr BP, and systemétitzads
(by a few samples) the lowest mean S/I values.

The last unit CZ7 (624-603 cm, 117.9-113.6 kyr BR)ts with high, stable S/ values, reflectingrafincrease
of smectite in our record peaking at ca. 115 kyr Bifen the S/I ratio decreases down to 0.5, daa tiacrease
in illite. HI reaches its highest value ca. 115 B, with an overall high mean value of 7+2.

Table 2: Core CONO0I-603-2: mean and standard deviation afehineral abundance and clay parameters for
the defined clay zones CZ1 to CZ7

CONOI-603-2 Relative clay mineral abundance (%) Chloritegroup (%) 9/l HI
Ilite Chlorite 10-14 sm.sl. Al-sm. Kaolinite Degraded Fresh 17e6/10e6
chl. chl.

Unit Depth  Age(kyr Mean 16 Mean lec Mean leé Mean l¢ Mean loc Mean le Mean |lo Mean loc Mean le Mean le

cz7 ESC(;g)-624 ?BG 32 6 18 4 2 1 37 9 3 17 2 11 5 7 2 13 0666 20
Jﬁ%r:-.zﬂax 23-46 11-29 1-3 21-54 1-6 5-10 3-23 3 3-12 0.4- 3-11

CZ6 625-657 118- 35 6 21 33 1 28 7 3 19 2 12 4 9 3 ii 0548 20
1 25-50 16-30 1-5 11-44 1-6 6-12 3-19 3 4-16 0.1- 2-9

CZ5 658-672 121.3- 422 7 18 35 5 20 10 3 2 12 2 8 5 10 4 gg 0331 10
13 29-52 9-30 2-22 7-39 0-6 8-18 0-16 2-15 0.5- 1-6

Cz4 673-691 123.2- 36.2 6 18 33 1 27 7 4 111 27 3 11 2 11 0341 10
1ol 26-46 11-26 14 14-37 3-6 8-15 1-12 7-14 0.6- 2-6

CZ3 692-709 125.2- 43 7 19 2 3 1 23 7 2 1 10 29 3 10 3 ég 0131 1.0
126 33-58 16-23 25 7-33 1-3 6-13 4-13 6-16 0.20.6 1-5

Cz2 710-718 126.8- 38.2 8 18 33 1 28 6 4 19 2 6 2 1 2 12 0540 10
1204 30-56 16-21 14 19-35 2-6 7-12 1-10 6-13 0.3- 2-5

CZ1 719-750 128.7- 34 5 15 2 2 1 39 4 4 2 6 18 3 7 2 12 0663 20
1364 24-43 11-19 1-8 28-48 1-8 3-8 3-14 3-11 gg 4-10

3.2. Principal components analysis of clay data

PCA summary results are shown in Table 3. Axesdl2aaccount for 62% of variation in the clay-miretata,
whereas axis 1 alone accounts for almost 45% wittenvhole dataset. The first axis, or componamasents
the combination of clay variables that accountgtiergreatest amount of variation in the dataseis 2 on the
other hand is independent of axis 1 and accounthiéonext largest amount of variation in the dayaset. The
PCA of the clay minerals are plotted in Fig. 4aarrelation biplot: closed circles represent demgeposited
during the Kazantsevo interglacial. The relatiopsthetween the variables can be explained by fatigpwa few
biplot rules (ter Braak and Smilauer, 2002). Thredtion of the vector indicates increasing valwgth the
mean value for every variable scaled to the cesftthe biplot where axis 1 and axis 2 intersectialdes that
are highly correlated with each other have veowtis small angles between them, approaching 0°iaés
that are negatively correlated with each other lengdes between their vectors approaching 180°.dvewy
variables that are uncorrelated to each other hagées between their vectors approaching 90°. liyirtale
proximity of a vector or variable to one of the sxxaghlights its importance along that axis. In.Hgaxis 1 is
most closely associated with HI and smectite tddfteof the biplot (sediments deposited duringcigh
periods), and 10-14 mixed layers and illites toright of the biplot (sediments deposited during Kazantsevo
interglacial). The small angle, approaching 0°weetn degraded chlorite and smectite indicate ttestet clays
are highly correlated. Axis 2 on the other handasely associated with changing concentrationslamectite.
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4. Discussion: origin and processes of clay formation
4.1. Glacial versus interglacial clay sources

Within the studied glacial/interglacial transitigiite and smectite abundances depict an appratartinear
and continuous trend in the CON01-603-2 clay faacfoverall linear regressiofi=0.62 Fig. 5). lllite values
range between < slope<-1.3), except CZ2 (slopg.-0.6

The data distribution is in agreement with diffdrelay sources and/or formation between the stugdiadal

and interglacial period. The opposite behaviounken illite and smectites (e.g., see relationshighlighted in
the PCA,; Fig. 4) favors a genetic link between ¢hdays for the interglacial samples. This suggistsmost of
the smectites are secondary products, formed bygessis of parental illite. Variable intensitiésveathering
explain the continuous data distribution, indicatitaat the parental material is mineralogically bgemeous.
According to the PCA, the clay minerals are clusten three groups (Fig. 4): (1) lllite, fresh dfife, 10-14
mixed layers and kaolinite; (2) smectite and degdachlorite and, (3) Al-smectite. PCA results aragreement
with our interpretation of Baikal clays. The figroup includes the primary minerals supplied tolthe by
physical weathering. The second group is made byseeondary clays derived by chemical weatherimindu
pedogenesis. There is little apparent relationshthis dataset between smectites and Al-smediitenderlined
by the angles between their vectors approachind@g? 4).

However, the absence of a clear relationship betilliie and smectites in glacial CZ1 samples rathegests
that there is no genetic link between illite andestites (Fig. 5). Perhaps surprisingly the amotisheectites is
higher in the lower glacial samples (mean ca. 1:3@8 kyr BP = 38+6) than in the interglacial onegén ca.
128-117.4 kyr=26+8). This may perhaps be explalmethe existence of an additional source of smextit
during glacial periods. Indeed Vogt and Larqué @.2902) already observed neoformed smectitesfiereint
periglacial conditions, and in Siberia in particuldeoformation is explained by the confined enwirent under
the permafrost.

CZ2 data points are scattered along two clearlinddflinear trends (Fig. 5). The intermediate disition in
CZ2 mostly reflects the transitional position ofthlay unit, between the Taz glacial stage anKdmantsevo
interglacial (ca. 128 kyr BP). There is no gladiké clay distribution in CZ7. However, the Zyryamglacial is
undersampled with respect to the Taz stage (~ 0 @nly the early Zyryanka is analyzed (~ 2 kyriiancould
not be representative of the average glacial stade.

4.2. Weathering type and intensity during the Kagewo in the northern basin of Lake Baikal

The clay record is highly variable at the centehrgaolution (Fig. 2). As for the Holocene intergjld, we
suspect that the intra-sampling variability par#flects the accuracy of the XRD method on diatah-r
sediments (see Fagel and Boés, 2008-this issuejvilMestrict our interpretation on weathering ditions on
several running point averages rather than on iddal sample data. Taking into account the estithate
sedimentation rates, a 5-point running averagevallor a millennium-scale order resolution in thevér and
upper glacial intervals (e.g., at the base of thedttsevo (CZ2)), while the resolution increases %00 years
during the intervening interglacial.

The mean signature of the clay unit depicts an walusvolution through time (Table 2; Fig. 6). Timeestite
versus illite abundance (or S/l ratio) decreases funit CZ1 towards unit CZ3, then increases agpito CZ7,
with a reverse trend during CZ5. Such trends caybdiori suggest lower chemical weathering during
interglacial than during glacial stages. But thigipretation is in contradiction with regional pgénesis
conditions favouring active hydrolysis and smeditenation during warmer conditions (Chlachulalet2004).
According to the observed different relationshipsieen smectites and illite (see above), the hadhes of S/I
are most probably biased by the neoformed origirssreectites during glacial confined environments,, i
periods with extensive permafrost. An estimatiothef neoformed fraction of smectites within thekdarclay
assemblages was tested by clay pre-treatments¢Zht®89). However K-saturated XRD runs do notgmes
any difference at 10 A under different heating dbods (K-110 and K-330 °C). The tests were notisige,
which may be due to the complex clay assemblagesept, a matrix effect (biogenic silica; Thorez399
and/or low XRD resolution. Therefore, defined cfmrameters could be used as chemical weatherixiggro
only within the interglacial interval.
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Fig. 3: Evolution of two clay parameters sensitive to cloaiiveathering. S/l (diamonds) is the classically
smecite/illite peak-height ratio measured on theg/ketne glycol XRD rurthe hydrolysis index (squares) is a calculated
parameter taking into account the abundance ofteiclay minerals and their respective sensititotghemical weathering. The bold curves
correspond to the 5-point running average. The Késvo interglacial is underlined by the dashedaare
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Table 3: Summary table of principal components analysis (P@Ahe clay-mineral dataset from the
Kazantsevo and associated transitions in core CO8IIR-2, Continent Ridge, northern basin of LakekBhi

PCA Axes
1 2 3 4 Total variance

Eigenvalue 0.4470.1740.1480.1011.000

P 0.01
Cum. % variance of explanatory di44.7 62.0 76.9 86.9
Sum of all eigenvalues

1.000
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Fig. 4: Results of the Principal Component Analysis (PCiAhe clay database. The x-axis represents axis-1 o
the ordination analysis, and the y-axis, axis 2hefordination. Axis 1 is by far the dominant comgat
accounting for 45% of the variation in the clay asdt. Axis 1 is most closely associated with thiedhysis

index and smectites to the left of the correlabigriot, and illites and 10-14 mixed layers to thght of the

biplot. Filled circles represent sediments depabiearing the Kazantsevo interglacial, and openlessc
represent sediments deposited during glacial period
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Fig. 5. Smectites versus illite abundance (relative %). Btle lines correspond to linear regressions faycl
SampleSNote the location of CZ1 samples that corresporttiéaglacial Taz stage (older than 128 kyr BP). T2 samples
representing the next glacial stage fall in thédfief the CZ1 sample. However, the Zyryanka stgger(ger than 117 kyr BP) is
undersampled in the clay database: our samplingriratl ending at 603 cm does not cover the nexgfattial conditions. Indeed a large

decrease in diatom valve accumulation rate andeased proportions of benthic taxa were especiddliaus only above 600 cm (Rioual
and Mackay, 2005).
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Within the interglacial, the low S/l values (Fig.hderline limited secondary mineral formatiorsails but
active physical weathering. CZ3 and CZ5 clays @eéd to Lake Baikal are enriched in primary mirgral
reflecting soil destabilization by physical weaihgr The clay supplies remain illite-rich for a feenturies at
ca. 126 and 122 kyr BR CZ3 and CZ5 are charactéhyesimilar, relatively low hydrolysis index (~35ig. 3).
In contrast, S/I is very different for these twaylunits while their illite content is similar (5%). The
relatively high CZ3 HI value integrates the chlenteathering pathways: fresh chlorite is less ahonhduring
CZ3 whereas the amount of degraded chlorite inesedsseems that a preliminary but reduced chdmica
weathering occurs during CZ3, in addition to aefrse physical weathering. In the Baikal watershblbyrites
seem to be more sensitive to weathering than, illitagreement with their respective weathering loeirs
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assigned by Jackson (1963). During CZ5, illite &rdh chlorite represent up to 70% of the clay imédege,
while all the secondary clay minerals remain lowisTinterval corresponds to a physical reworkingqee

The clay parameters are variable during CZ6, tremoime more stable during CZ4 (Fig. 3). These chatgare
characterized by similar mean S/I values (~ 1 ; 6)gIn both clay units, the relatively high Sélues suggest a
general reduced control of physical weathering @hemical weathering. The S/I exhibits an irregutarease
during CZ6, which is perhaps reflective of instapiin environmental conditions within the Lake Rali
watershed. The higher mean HI value in CZ6 rectirdshemical weathering of all kinds of primary srials,
chlorite and also illite. Gradual improvement irdpgenesis is punctuated by reactivation of physioadion at
ca. 120 and 119 kyr BP. At ca. 120 kyr BP, thed8firease is associated with a HI decrease, whigdjests a
physical reworking event and limited chemical weaithg. At ca. 119 kyr BP, S/l decreases but not HlI,
reflecting a remaining chemical weathering of citéoin addition to increased erosion.

Fig. 6: Comparison of the measured (S/I) and calculated ¢Hly parameters.
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4.3. Climatic significance of the clay record inrti@rn Lake Baikal

As highlighted above, the sedimentary record of plarameters at the Continent Ridge in the northasin of
Lake Baikal may be indirectly interpreted in teraislimate conditions only during interglacial catighs, i.e.,
from the middle of CZ2 to CZ6. In particular, thaexctite/ illite ratio and hydrolysis index are batdicative of
the chemical weathering intensity within the watexs Within the Kazantsevo interglacial, threerivagds are
characterized by low S/l and HI values (Fig. 6)CiB3 ca. 125-127 kyr; in CZ5 ca. 121.5 kyr; in Gz6 120
kyr BP.

During those time intervals, clay supplies enrichregrimary minerals are mainly driven by mechaharasion
processes. Such weathering conditions are favdayedld and dry climate. It is worth noting herattpollen
reconstructions (pollen zones CK3, CK5b-I and CHKlSb-Granoszewski et al., 2005) also demonstratder
conditions atthese times. In contrast, the higheslof S/I and HI parameters reflect intense chaimic
weathering under warm and wet conditions, leadingetcondary clay-mineral formation in soils. Modeda
chemical weathering starts within CZ4, i.e., betwea. 125— 124 kyr BP. The climate warms within CZ6
from ca. 121.5 kyr BP. HI reaches its maximum mesne (~ 9) at ca. 115 kyr BP, lagging the
Kazantsevo/Zyryanka transition by ca. 2 kyr. Sitieelacustrine clay fraction records not only weaitig
processes but also erosion and transport, somg ci@ldd occur between climate changes and sedimmgamint,
and this factor may be more relevant especiallyndmedertaking higher-resolution climate reconstams.

The palaeoclimate significance of the clay recdrtha Continent Ridge site can be more fully asst &y
taking a multi-proxy approach, comparing clay-ded\climate-variability interpretation with diae and
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pollen-inferred palaeo-reconstructions. The congoeriallows for a validation of the clay approact for an
estimate of any time lag between weathering pr@seard detrital particle settling.

The major trends in the clay palaeorecord from COB03-2 are summarized by plotting PCA-axis-1 sampl
scores against diatom biovolume accumulation @¥#\R), as previously determined by Rioual and Magk
(2005) (Fig. 7). In this figure, and as shown abdwgh positive values of axis-1 sample scoresespond to
high amounts of detrital clay minerals, reflectangive physical weathering processes. In contragfative
PCA-axis-1 scores are driven by high hydrolysiseidalues, indicating strong chemical weathering. B
focussing on selected time periods, several pattemerge between diatom and pollen inferred datatenclay
record. During the late Taz glacial up to the beigig of the Kazantsevo interglacial (136.4-128 lkepative
values of PCA-axis-1 scores (ca. CZ1 and lower G2)espond with diatom-assemblage zone (DAZ) tindu
which time diatom BVARs are very low, suggestingyailing colder climate and reduced productivityhe
lake. However, at ca. 129 kyr BP, the clay recaigbgsts a shift to more active, physical weathepiogesses.
This precedes major increases in productivity (@ssed with large increases in biovolume), but gt does
coincide with an increase in numbers of the endeéaxonAulacoseira skvortzowsuggesting that at this time,
productivity in the near-shore regions of the lalas increasing. These changes are also mirrorgdantitative
estimates of pollen-inferred precipitation, whickriease sharply at the onset of the Kazantsevd 2&akyr

BP), followed by more gradual increases in pollefeired temperatures (Tarasov et al., 2005).

Thereafter, positive clay-record PCA-axis-1 scdahesughout the Kazantsevo up to the end of thegtdeial at
118 kyr BP are coincident with both diatom and @alinferred warm and humid conditions (Rioual and
Mackay, 2005; Tarasov et al., 2005). However, tlageenotable and significant shifts in the PCA alegord.
For example, the initiation of chemical weatherimghe northern Baikal watershed is recorded ins@iment
clay fraction only after 125 kyr BP (within CZ4)hiB period corresponds to the initiation of cheeraz
development in Siberian soils (dated at 125 +5B&}) because of progressive climatic warming (Chideclet
al., 2004). In Southern Siberia, the last interiglbis characterized by a succession of loess-patds: the
landscape stabilization is indicated by the fororatf distinct soil horizons formed during warm dndnid
intervals separated by thin loess units accumuldtehg dry, cold stages. At 125 kyr BP, chernoZermation
requires warmer and more humid climate conditi@@tdgchula et al., 2004), such as those inferred hgr
pollen analyses (Granoszewski et al., 2005; Tarasal., 2005).

After a second period of active physical erosiothimi CZ5 (contemporaneous with a pollen-inferredlitg in
CK 5b-I; Granoszewski et al., 2005), the clay pesxiespecially the hydrolysis index, start to inseeagain at
ca. 121.5 kyr BP (Fig. 3). The PCA-axis-1 scorexe@se from +2 to -1 (Fig. 7). This improvementlimemical
weathering conditions is not sustained by warmeallconditions: the relative temperature index eurv
decreases in value by ca. 123 kyr (GranoszewsHki,e2005); the mean reconstructed temperatureugtisd
shifts to cooler values after ca. 121 kyr BP (Tavest al., 2005). However, the reconstructed mogstu
availability remains high until 117.4 kyr BP. Theeieasing but irregular trend starts after the ateroptimum
(i.e., DAZ4 characterized by maximum diatom prodiitt between ¢.124-120.4 kyr BP; Fig. 7). Moregwie
trend persists after the transition from the Kagawo interglacial to the Zyryanka glacial (untiblkyr BP): the
optimum chemical weathering inferred by clay chaniggs by at least 2 kyr the interglacial/gladgiahsition at
Continent Ridge. Those 2 kyr could reflect the timeeded for re-equilibration of weathering processesoils
due to new glacial conditions, e.g., permafrosteflgyment. This suggests that pedogenesis remdins after
the interval of surface stabilization. Indeed, shedy of landscape development indicated a magiodion of
last interglacial palaeosol documented over Sitduiang the following major cooling at ca. 111 IBfP
(Chlachula et al., 2004). In the Lake Baikal aresoil stratigraphy consists in a cryoturiateit
corresponding to the interglacial maximum. The eixtd cryoturbation indicates a rapid permafrost
development "soon after” the interglacial (Vorobgp¥990). The onset of the late Pleistocene glaciatlitions
(zZyryanka stage) occurred between ca. 117.5 and@ ¥4 BP as indicated by cool, steppe-dominatdi&po
assemblages and climate reconstruction (Tarasalv, &005). The pronounced decrease in hydrolysiex
after 115 kyr BP is therefore likely to be indie&tiof major changes in conditions of pedogenesis.
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Fig. 7: Comparison of CON01-603-2 clay data with diatonad&n the left: Continent Ridge diatom zonation

(DAZ) and curve of biovolume accumulation rate (BRYRioual and Mackay, 2005)n the right: a summary of the
clay data represented by PCA-axis-1 sample scardscky zonation. The black bold line corresporaithe 5-point running average of the
clay data points (diamonds). The grey bold lineresponds to the 5-point running average of thealiiatlata points (circles).
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Finally, within the increasing hydrolyzing trendnagative excursion occurs at ca. 120 kyr BP in €aiiples.
Characterized by the lowest S/I and HI values efdhtire interglacial interval (Fig. 6), this chargupports a
punctual physical reworking occurring within thetershed. Our clay data on Continent Ridge recdrels the
intra-Eemian cooling event, which has also beentitied at ca. 121-120 kyr BP in other Lake Baikatiments
(Karabanov et al., 2000; Prokopenko et al., 20829, in other regions from around the world, inchggdihe
Chinese loess (An and Porter, 1997), European Igescko et al., 2005) and the sub-polar NorttaAtic
Ocean (e.g., McManus et al., 2002). The interpiciaif the pollen profile in the Continent Ridgere@lso
indicates a brief cooling at ca. 120 kyr BP (i@ 5B-II) confirmed by the pollen-inferred quantitee
reconstruction after 121 kyr BP (Tarasov et al)3)0The diatom-accumulation rate is also marked by
pronounced drop in biovolume accumulation ratdhaén@ontinent Ridge core. However, the biotic sigaalot
perfectly synchronous with the clay change highligidifferences between allochthonous and autactths
processes in and around Lake Baikal and its waadr@Rig- 7).

5. Conclusion

Our clay record from northern Lake Baikal (at then@nent Ridge site, a northern extension of Acad&m
Ridge) allows one to follow the evolution of theatigering conditions through the Kazantsevo int&igla
within the Baikal watershed. In contrast to thékalimate conditions inferred from quantitativalpn
reconstructions, sub-millennium-scale clay recdods every 500 yr) suggest rather more variablehezing
conditions throughout the interglacial.
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Clay-assemblage composition is mainly controllegbysical weathering processes (supplying primé&y c
minerals) during three time-periods (ca. 125-122 and 120 kyr BP). These three periods correspmtite
three cooling events recorded in the pollen prsfitem the same sediment core. They are also sgtitatty
marked by drops in lake productivity, inferred frallatom biovolume accumulation rates. The younglest
change ca. 120 kyr BP is coincident with the stedainid-Eemian cooling previously observed in other
sediment profiles from nearby Lake Baikal. Accoglin the measured (S/I ratio) or calculated (hygisl
index) clay proxies, the chemical weathering caadg depict an irregular two-step increasing trémdugh the
interglacial. The highest chemical weathering ctods lags by ca. 2 kyr the interglacial/glacialrtsition. Such
a delay may be due to the time needed for re-égailon of weathering processes in watershed daisto new
glacial conditions.
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