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Clay-mineral record in Lake Baikal sediments: The Fblocene and Late
Glacial transition
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Abstract: We analyse the clay-mineralogical compositiorvad fL-m long cores from elevated plateaus in the
southern and northern basins of Lake Baikal. Ouwriaito test the limits of classically used clagxes for
climate reconstructions. Mineralogical signaturdesermined by X-ray diffraction on oriented aggres from
Holocene and Late Glacial sediments. Mineralogieallts are presented on a palaeomagnetic-defived t
scale. Sampling at a centimeter resolution allawsafsub-millenial order reconstruction. The evioliof clay-
derived climate proxies (smectite/illite peak irg#yratio, S/l) is compared between the two lamadi with
respect to other climate reconstructions for thieelBaikal area and Siberia. During the Late Glagiaictual
increases of S/l are related to changes of pagmliece rather than any climate change. At bods $ite most
intense chemical weathering conditions occuredndufie Subboreal, lagging the Eurasian middle Aitan
climate optimum. S/l follows a gradual but irregulacrease through the Holocene, probably relatesldw
warming favourable to the development of the Séesoils. The different sensitivity to hydrolysiognditions
in northern and southern sites can be explainea diymbination of local lithological and topogragic
parameters.
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1. Introduction — clays as palaeoclimate proxy: thease study of Lake Baikal

Clay minerals have been widely used as proxiesliorate reconstruction in marine and lacustrineimments
(e.g., Chamley, 1989). Clays are eitpemary mineralsnherited from parental rocks by physical erosion o
secondary mineralproduced by chemical weathering. In soils, the gpe composition of secondary clay
minerals mainly mirror the intensity of hydrolygieevailing within the catchment. This chemical viresing
stage is a combination of climate conditions (terapge, precipitation), topography and tectonibits
(drainage conditions), and parental rocks (Weal@89; Velde, 1995).

In the case of Lake Baikal, only a few studies a#i the Late Quaternary clay record. Most autl{Mslles et
al., 1995; Yuretich et al., 1999; Horiuchi et 2000; Muller et al., 2000; Solotchina et al., 200204)
evidenced a change in clay-assemblage composigitwelen glacial and interglacial samples. The ckmat
interpretation of clay assemblages is based opvbkition of the smectite/illite ratio (Horiuchi at, 2000) or
of the smectite abundance (Yuretich et al., 1988)and/or smectite abundance is used as a proxy fo
hydrolysing conditions around the lake assumingjaliamectites result from transformation procesaghe
soils from the catchment. Weathering conditionsdifferent under warm versus cold conditions: tigly
influence the relative abundance of the main clayenals driven to the lake. Warmer conditions fastoong
hydrolysis of aluminosilicates in the Baikal catawmt and produce, for instance, random illite-site¢te.,
smectites s.l.) in soils at the expense of illitergetich et al., 1999). In Baikal sediments, thenake sensitivity
of clay minerals was further confirmed by the limdétween biogenic-rich sediments settled duringghéeials
and their clay assemblages, i.e., systematicaligleed in smectites (Melles et al., 1995; Khasik Muazilov,
1997; Yuretich et al., 1999; Horiuchi et al., 200Bgsides changes in relative abundance of smextidllite,
other differences in the structures of layered mailse probably related to weathering process, wbeerved in
Baikal sediments. For instance Solotchina et #1022 observed a change from chlorite during gladial
random chlorite-smectite during interglacials. Hagel. (2003) rather noticed an opening of illiteerlayers
and a partial vermiculitization of chlorites inénglacial samples. In the present study of Laké&®aie test the
climate significance of the S/l ratio for the pefrigpanning the transition of the Late Glacial t® ittolocene in
two clay records from the southern and northerinisasf Lake Baikal.

2. Weathering conditions in the catchment of Lake Bikal

According to the global latitudinal pattern of wieetting, Lake Baikal is at present located in a zofn@oderate
chemical weathering characterized by illites anéatites (Allen, 1997). In the catchment of Lakel®@iillite
is a dominant parental mineral located in Proteimaad Archean granites (Galazy et al., 1993; US@8tral
Energy Data Management, 2001). lllite weatheriagtstwith an opening of the clay sheets and loss of
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interfoliar K" by leaching (i.e., degradation process; Chanil®§9; Thorez, 1989).

Fig. 1: Location map.

Continent Ridge
CONO01-603-2a ..
water dept{] 386m
54 N
- 53N
Posolsky Bank Buguldeika
CONO1-604-2a Saddle
water depth 133m £)
52N

108 E 110 E
Under regional continental dry climate conditioltitei transforms by successive degradation stdpsiigh
various intermediate mixed-layer minerals) into stites or Al-smectites under moderate hydrolysisdiions.
Mainly inherited from basic intrusive rocks and amabrphic rocks, chlorite is the second primary mahan the
catchment of Lake Baikal (Galazy et al., 1993; USt&atral Energy Data Management, 2001). Chlorite is
easily degraded into chlorite-vermiculite and vemfite by loss of Mg’ cations (Thorez, 1989). Recently, Sakai
et al. (2005) have analysed the weathering ofthiati a soil of the Selenga River delta. Appareritig biotite
changes into smectite through illite and vermieulit

In Southern Siberia, three main groups of soileHaaen defined in Late Quaternary sections: chemblize
steppe soils, brunisol-like boreal forest soils aegbsol-like soils of the periglacial tundra (Gitlala, 2003).
Chernozems are characteristic of open steppe ainchiive of pronounced continentality; they are ithast
widely distributed soils in southern Siberia tod@ynectite, illite, vermiculite and chlorite are ttheminant clay
minerals in chernozems around the world (WeaveB91.9The brunisols represent an intermediate stgeil
development between the initial regosols and thedexeloped chernozems, indicative of cooler cliesa
They are made of micas and interstratified mingf@&eaver, 1989). In the Transbaikalia Mountainsimithe
Selenga catchment, Vogt and Larqué (1998) suggespedsible neoformation of smectites in a weakly
developed grey soil profile over syenite. Vogt amdqué (1998) suggested the formation of small well
crystallized smectites by weathering of chloritel anpossible recombination into a new mineral. péeglacial
conditions with freezing soil constitute an ideahfined environment for such a process (Vogt andlé,
2002). Indeed smectite has been obtained experathefrom chlorite by repeated freezing and thawiygles
(Koninshchev and Rogov, 1993).
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3. Material
3.1. Location and lithology of sediment cores

Within the framework of the EIQONTINENT project, three elevated plateaus characterizedragified
sedimentation were selected for coring after arsieiseconnaissance survey in summer 2001 (Charbdt,e
2005). The mineralogical signature of the claytiat(<2 pm) was determined with a 1-cm samplirtgrival in
two pilot cores recovered in the southern and mortivasins of Lake Baikal (Fig. 1). Pilot core CANgD4-2a
(52.08° N, 105.86° E, 624.5 cm long) was retriesadhe Posolsky Bank in the vicinity of the Seleigdta, at
a water depth of 133 m. Pilot core COM) 1 -6032296° N, 108.91° E, 1,127.5 cm long) was drilledrie
northern basin of Lake Baikal at a water depth&# &, on the northern extension of the AcademiBiaige,
called "Continent Ridge".

At both sites, the sediments are composed of fliredogical units (Fig. 2A,B) identified from maascopic and
smear-slide observations (F. Hauregard, unpubligla¢at Charlet et al., 2005): clayey sediments et to
rare diatoms (unit 3), clayey silt with diatoms i), and diatom-rich mud (unit 1).

In core CONO01-604-2a (Fig. 2A), unit 3 (105-188 ésMhomogeneous, mainly composed of terrigenous
particles. There is a gradual transition to ur@22-105 cm). The sediment is coarsely laminatedw&2 cm,
then homogeneous to thinly laminated. Three grédgnlayers are observed between 80 and 84 cm. U(:25
cm) is again homogeneous with a thin 5-mm-thicldisad layer at the top.

In the pilot core CONO01-603-2a (Fig. 2B), the beddof unit 3 (128-189.5 cm) is homogeneous with&som
marked silty laminae. Within unit 2 (9.5-128 cmg tindistinct to thin laminae are replaced by thideeinae
below 110 cm, due to the occurrence of centimdtiektgreen silty layers. The upper unit (0-9.5 dsrthinly to
thickly laminated. The oxidised layer covers theolehunit 1 (0-11.5 cm). Post depositional sedinteniorking
is limited in the studied sediment core intervathvanly one slump at 130 cm in the Continent Ridgee (Fig.
2B).

3.2. Chronostratigraphy

The age models were derived from magnetic susdkfytidind anhysteretic remanent magnetisation messu
on the Continent Ridge and Posolsky Bank pilot e§Bemory et al., 2005). Geomagnetic palaeointiessitf
Lake Baikal sediments were tuned to the ODP 98#eete site (Channell, 1999). The palaeomagnaticall
derived age models were constrained by seven atioelpoints between 9 and 130 cm for CON01-604+#h
by thirteen correlation points between 10.5 and84in for CON01-603-2a.

On Posolsky Bank, the sedimentation rate is caiedlhy linear interpolation between two adjacemtelation
points in core CONO01-604-2a. It ranges betweeraicb9.2 cm/kyr in unit 2, and increases in bothatberlying
and underlying lithological units (11 cm/kyr in tidi 16 cm/kyr in unit 3). The Late Glacial/Holoee¢Younger
Dryas/Preboreal) transition is fixed at 75/76 cnthia pilot core, in agreement with the sharp dexréathe
diatom abundance observed in smear-slides. Theflstudied interval covers the last ~14 kyr (Fi§. Zhe
Younger Dryas/Preboreal transition derived frorhaitthe palynological zonation (Demske et al., 3@33%he
14C age model (Piotrowska et al., 2004) are quitesistent with the geomagnetic age model (Fig. 24k fige
of surface sediments is estimated at 2.4 kyr BBxtsapolation of the youngest sedimentation rate.

On Continent Ridge the sedimentation rate in cdd®Q1 -603-2a averages 10 cm/kyr in unit 2, excepaf
20-cm thick interval around 75 cm (3.9 cm/kyr beawé6 and 89 cm). Unit 3 starts with the lowest
sedimentation rate for the studied sediment se¢8d@hcm/kyr). According to the palaeomagneticagrived
time scale the Late Glacial/Holocene transitionuos@t 76 cm (Fig. 2B). This limit encompassesititerval
characterized by the pronounced variation in sediat®n rate and by a significant decrease in biagsilica
measured by ICP-OES with a 2.5 cm sampling intei@blkerhaensli, unpublished data) between 70 arah84
Note that the limit fits within a few centimeterstvthe palynological observation aHt€ stratigraphy

(Fig. 2B). The 140-cm core section covers the2&styr. No control point was available for unitthe age of
surface sediments is estimated at 2.8 kyr BP mapatation of the youngest sedimentation rate.

According to the mean sedimentation rates, tharmeter-scale sampling step allows for a temporsdligion
of the order of 100 years: the average time spamdas two consecutive samples is ~ 60 to 250 yr.
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Fig. 2: Statigraphy, lithology and clay mineralogy of th2 gm fraction:(A) pilot core CON01-604-2a (southern basin);
(B) pilot core CON01-603-2a (northern basin). Theanostratigraphic zonation is from Khotinsky (1834ased on radiocarbon dates (in
ka) converted to calendar ages (in kyr) using avension table in Roberts (2002) or Oxcal. The ni@mnondaries are: the Late
Glacial/Holocene or Younger Dryas/Preboreal traigit(YD/PB: 10.3 ka=~12.2 kyr BP), the Preboreal@&al transition (PB/B: 9.2
ka=~10.3 kyr BP), the Boreal/Atlantic transition@QBAT: 8 ka= ~ 8 kyr BP), the Atlantic/Subborealrisition (AT/SB: 5 ka = ~ 5.7 kyr BP)
and the Subboreal/Subatlantic transition (SB/SA:Ka= ~ 2.6 kyr BP). On the left: the stratigraphlicolumns derived from palynological
zonation (Demske et al., 2005) and radiocarbon mgeel (Piotrowska et al., 2004) established fomadpt cores: (A) CONOI-606-3
(southern basin); (B) CONO0I-603-5 (northern basiipte the consistency between the palynologicatamm the radiocarbon and
palaeomagnetic (Demory et al., 2005) age modelthotate Glacial/Holocene transition. OstD = Oltl€syas. B6=Bdlling. OD = Older
Dryas. AL=Aller6d.
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Fig. 2: (continued).
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4. Method
4.1. Sample preparation

Qualitative and semi-quantitative estimations afyeiineral assemblages are based on peak-intensity
measurements on X-ray patterns running on orieagggegates (Moore and Reynolds, 1989). A suspeirsion
distilled water of 1 -2 g of dried bulk sedimensieved at 63 pm and then at 30 pm. Successivmggresult
in a reduction of the amount of diatoms within they aggregates. The <2 um fraction is taken frioen t
suspension after a settling time calculated acogrth Stake's law. The suspension is placed oass glide and
dried overnight at room temperature. Routine Xd#fraction (XRD) clay analyses included the sedian
record of three X-ray patterns under air-dried atural condition (N), after solvatation with ethyéeglycol for
24 h (EG), and heating to 500 °C for 4 h (H).

4.2. Qualitative identification of clay assemblages

Qualitative identification of the clay species &sbd on the relative position and intensity of gjpeeflections
between the three X-ray patterns (Fig. 3). Semitjizdive estimation is based on the height of djeci
reflections measured in general in the EG rurige ontent is identified by the peak intensityl&tA on EG.
The occurrence of kaolinite is deduced from a deylslak around 3.5 A, resulting from the partialragping
of the (004) chlorite reflection at 3.54 A and (862) kaolinite reflection at 3.57 A under eitheoNEG
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conditions. The chlorite/kaolinite peak intensiéyio measured at 3.54-3.57 A is then applied tarttensity of
the 7 A (EG) peak to estimate the contribution adlinite.

Fig. 3: Interpretation of Lake Baikal X-ray diffraction djeams derived from the three classical runs, ire.,

natural conditions (N), after ethylene-glycol sdlea (EG) and after 500 °C heating (Hhe presented X-ray
diagram corresponds to one sample collected betdw@8rand 122.5 cm (122.25 sample depth, 17.5 kyfBm the Continent Ridge pilot
core (CON01-603-2a). The different identified cigecies are semi-quantified from peak-height intei( as follows: illite =

I(10A{)Eex 1; random 10-14 mixed-layers = 1(#3:cx2.5; Al-smectites = I(1Z)wx 5; swelling clays or smectites s.I. = 1(10:4)(10

Aeex 1; kaolinite = 1(7 Ayex [1(3.57 AN[1(3.54 Al + 1(3.57 A\]] x 1.4; chlorites s.l. = (14 Ayex2.5; chlorite freshe % chlorites x 1(14
A)/l(14 Axe; weathered chlorites or vermiculites sx11 - % chlorite fresh. See Method section for exglin.
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Swelling clays are evidenced by expansion aftersBi@atation but in most of the samples there isval-
defined peak, rather a shoulder of the 14 A rafdecthat expands towards the lower angles. Thiseh
indicates the occurrence of illite within swellirndom smectite-illite mixed layers (Thorez, 197@)erefore
the abundance of swelling minerals or smectitesssdstimated by the difference between the 16flection
before and after heating as follows: 1(1QA(10 A)ec- According to J. Thorez (pers. comm.), this method
"permitted a better estimation of smectite thanntieasurement of the sole 17 A (EG) intensity" (osH et al.,
1998). In addition, the smectite group also congsr fraction already expanded at 17 A in the agddsample.
This behavior is common in many soils, related kdydroxides in distended interlayers (Thorez, 200bie
relative contribution of those peculiar smectiteferred here as "Al-smectites”, is based on ttengity of the
17 A reflection on the natural run.

The X-ray behavior of Lake Baikal chlorites is alsmsual: the 14 reflection is variably and sensitively
reduced in intensity after heating at 500 °C. Werjret the sensitivity of chlorites upon heatisgradicative of
some primary clay degradation. A part of the chéofiresh chlorite) has its 14 reflection preserved after
heating at 500 °C. On the other hand, when chigiteore or less degraded, itsAApeak is replaced by a
diffraction band between 10 and A4 Such behavior points to a partial vermiculitinatof the chlorite (Thorez,
2000). Further, the height of the residualAldeflection is used to estimate the relative cowtion of fresh and
degraded chlorite within the complex chlorite grotipe relative contribution of all the chloriteg(i. fresh
chlorite and vermiculitized chlorite) called hewhlorites” s.l. is based on the intensity of theAleeflection on
the EG run.

Finally, some undifferentiated irregular 10-14 nuXayers were identified by the height of the difftion band
centered on 14 on the EG pattern. It was not possible to decijpledwveen random illite-chlorite and/ or illite-
vermiculite mixed layers after 500 °C heating du¢he partial collapse of degraded chlorites.
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4.3. Semi-quantitative estimate of clay assemblages

Taking into account the complex clay assembladea&é Baikal, we do not apply any automatic procedar
semi-quantitative estimations. Measurement of prakace areas remains tricky due to overlappingden
individual clay reflections (Thorez, 1985). We base quantitative approach on systematic peak-teigh
measurements at the specific reflections listedr@b®he intensity of the 10 A peak is taken asfereace, the
other intensities are divided by a weight factob(@r 10-14 and chlorites, 1.4 for kaolinite, 5 fd-smectite)
and all identified clay species values are sumneeth1i00%. Corrective factors were determined bpigoal
experiments at University of Liége (J. Thorez, pecsnm.). No correction was applied to the smecéfkection
since the measurement is made at 10 A like faeilli

4.4. Definition of smectite/illite ratio

In the clay-derived palaeoclimate approach for LBk&al, the smectite/illite peak-intensity ratf®/l) has been
used in Academician Ridge sediments (Fig. 1) a®aypfor chemical weathering in the catchment (ldohi et
al., 2000). S/l is directly measured on the diffoacams, defined by the peak-height ratio (12410 A)ec.
The S/l ratio reflects the abundance of all swgllitays (smectite, random illite-smectite mixeddesy Al-
smectite) versus illite. Assuming that all thoseliwg clays are secondary minerals formed by fiansation
process during pedogenesis, this ratio then becamesxy for the hydrolysing conditions in the datent
(high S/I ratio during interglacials, low S/ | mfiluring glacials).

5. Results: clay-mineral assemblage in pilot cores

The evolution of the clay-mineral assemblages éRbsolsky Bank (CON01-604-2a) and Continent Ridge
(CONO01-603-2a) pilot cores are plotted by core dept Fig. 2A and B, respectively (data availablerup
request). The clay-mineral assemblages of both pidoes comprise illite, fresh and degraded partly
vermiculized chlorites ("chlorites"), random illitshlorite and/or illite-vermiculite mixed layersl0-14"),
swelling clays made by random illite-smectite witiriable amounts of smectite layers (smectite s.1.)
"Al-smectite" and kaolinite.

5.1. Clay-mineral assemblage in the southern bakirake Baikal, Posolsky Bank (CON01-604-2a)

The Posolsky Bank record is dominated by illitehvatmean value of 47%z+6s(ktandard deviation), followed
by 27% of smectites. We observe a slightly higle¢ative amounts of illite (53%) in lithological ur8 (Fig. 2A)
counterbalanced by a decrease in smectites (me&ah Zhe mean clay assemblage (Table 1) is clofigeto
representative signature of Selenga River surfadarents, i.e., characterized by a high illite eont(54% +7)
associated with 20% of smectites, and 13% of delefidata from Fagel et al., 2007). Most of thg-cla
assemblage changes are controlled by the oppasitetion between smectites and illiuéi.ﬁte_smecmes: 069). A
decrease in illite is counterbalanced by an ine@asmectites, the changes in the other clay spdwing
minor (Fig. 4A).

The S/l ratio ranges between 0.10 and 1.15 (exdpt the top) with a low mean value of 0.4+ 053 for the
studied interval (Table 1 ; Fig. 5). After a relally high value (~ 7) at the limit Aller6d/YoungPBryas, the
4-point-averaged S/I curve slightly oscillates,wh@ minimum during the Boreal and then increayes factor
of two during the Subboreal (Fig. 5).

5.2. Clay-mineral assemblage in the northern badihake Baikal, Continent Ridge (CON01-603-2a)

The Continent Ridge clay record is highly varialilés composed for 37%z=7 of illite, 33%+8 of sm&e$ and
18%:x+ 5 of chlorites on average (Table 1). Themoi®bvious change between the clay-assemblage itopo
and the Late Glacial/Holocene transition. Moreotee, variation of smectites does not perfectly arithe illite
evolution fznme-smecmes: 035; Fig. 4B). In contrast to the Posolsky Bank ctine chlorites constitute a third
significant clay component, especially in the Heloe (Fig. 4B).

The S/l ratio is more variable and usually higlamtin the Posolsky Bank core (Table 1): it rarfgstsveen 0.1
and 2.7, with a mean value of 0.8 +0.§)(IMean S/l values are relatively low in the Latiacial interval (Fig.
5). As an exception, the S/l ratio reaches a vafue7 in the lower part of the pilot core (at 1&8, 18.3 kyr
BP). After a minimum at the Preboreal/Boreal traosj the 4-point-averaged S/I curve depicts angasing
trend but punctuated by several negative excursibims maximum S/l ratio is finally reached durihg t
Subboreal at 19 cm (~4.6 kyr BP). The evolutioishfmeasured in nearby sediments from the Acadamici
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Ridge (Fig. 1) is plotted for comparison on Figdata from Horiuchi et al., 2000). The reportedodap
averaged S/l curve gives a temporal resolutiohénarder of 600 years on core CON01-603-2a, il@sedo the
sampling resolution of Horiuchi et al.'s data (inpée ~ 700 yr). Note the parallel trend in the @/bcurves,
i.e., a pronounced increase at ca. 18.5 kyr BRehniglolocene values, maximum values during the Stdath.

Table 1: Mean mineralogical data for Baikal cores and Sekenger sediments

Relative clay mineral S/ Chlorite group
abundance
Core No. of I C 10-14 S S-AL K 17g/10¢ Verm. Fresh
sample % % % % % % % chl.
%
CONO01-604-2a
Unit 1 26 Mean 45 13 3 29 2 7 07 8 6
Standard 6 2 1 5 1 2 06 3 1
deviation
Min 33 10 1 20 1 4 0.2 3 3
Max 54 17 6 39 5 12 3.4 13 10
Unit 2 78 Mean 47 15 2 27 2 8 0.3 8 7
Standard 6 3 1 6 1 1 0 4 2
deviation
Min 29 9 1 0 O 5 0 0 4
Max 66 24 6 40 5 13 1 19 18
Unit 3 6 Mean 53 13 2 21 1 10 0.3 3 11
Standard 5 2 0 7 0 1 01 3 3
deviation
Min 49 10 1 9 1 9 0.2 0 8
Max 62 16 2 27 2 12 05 6 16
Core mean 110 Mean 47 14 2 27 2 8 04 8 7
Standard 6 3 1 6 1 2 04 4 2
deviation
Min 29 9 1 0 O 4 041 0 3
Max 66 24 6 40 5 13 3.4 19 18
CONO01-603-2a
Unit 1 10 Mean 43 13 4 30 3 7 05 8 5
Standard 4 2 1 5 2 1 01 2 2
deviation
Min 36 10 2 22 0 5 03 4 3
Max 49 16 6 39 5 9 0.6 12 9
Unit 2 118 Mean 36 18 3 33 3 7 09 10 9
Standard 7 3 1 8 1 2 04 5 3
deviation
Min 25 4 1 1 1 4 01 0 3
Max 55 25 7 49 5 13 2.7 21 15
Unit 3 13 Mean 38 15 3 38 2 5 0.6 7 7
Standard 4 4 1 5 0 1 01 3 2
deviation
Min 28 11 1 32 1 5 03 4 4
Max 43 22 4 46 3 8 0.8 14 10
Core mean 141 Mean 37 18 3 33 3 7 0.8 9 8
Standard 7 5 1 8 2 1 05 6 3
deviation
Min 21 4 1 1 0 4 041 0 3
Max 55 36 8 52 9 13 2.7 29 32
Selenga river
sediments
22 Mean 54 13 3 20 2 7 0.2 10 3
Min 383 9 1 9 1 5 0.1 4 5
Max 65 18 7 34 5 11 0.4 16 2

Mean mineralogical data for CON01-604-2a pilot ¢étesolsky Bank in the southern basin of Lake BalR®N01-603-2a pilot core,
Continent Ridge in the northern basin of Lake Bhiktineralogical data from Selenga River (Fagedlet2007). Sediments were collected
within the Selenga River catchment (i.e., the modeain tributary to the lake located along the kaasstern flank of Lake Baikal) during
fieldtrip (EU CONTINENT project) in summer 2001.
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Fig. 4: Clay-mineralogical results plotted against the pateagnetically-derived age model for: (A) pilot core
CONO01-604-2a (southern basin); (B) pilot core COMNIIB-2a (northern basin). An age has been estimited
each sample depth using the age model presentedjo8A and B. respectively. The thicker curvesespnt
the 4-point running average. The dashed line ingisahe Late Glacial/Holocene transition. The stthdeea
underlines peculiar lithological horizons with gillayers.
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6. Discussion
6.1. Origin of clay variability through the Late &lial/ Holocene transition

The clay-mineral record is highly variable (Fig.,BA Such intra-sampling variability partly refledhe
accuracy of the XRD method. Even when the sedinteais been sieved at 30 um, the number of countiseon
XRD runs is limited by their diatom-rich matrix. ldg the S/I ratio rather than individual relatidayemineral
abundance limits this method artefact. In addit@ay variability could be related to the centehsampling
resolution. This time could be less than the tieguired for mineral re-equilibrium in soils aftdintate change
and/or than the horizontal mixing of the water reassithin the lake. For instance, on AcademiciathgRj
millennial-order resolution sampling gave a mor@sthed clay-mineralogical trend over the same fimerval
(Horiuchi et al., 2000). To avoid over-interpretatiof the data, we will discuss averaged minerakigiurves
rather than individual sample data.

Besides the intra-sampling variability, we noteystematic opposite behavior between smectites|biedin the
core of the southern basin (CON01-604-2a; Fig. 4/9ould simply reflect a mixing of illite-rich ahsmectite-
rich sources but this source-control hypothesimissustained by any lithological changes in thdirsents.
Even the mineralogical data remain relative, sutrlerad rather favors a genetic link between thesedays. In
accordance with mineral transformation observesbils of the Selenga River delta (Sakai et al. 5200
smectites could be formed in the adjacent Seleatglment by pedogenesis from primary granitoidvaeti
mica (biotite). Posolsky Bank is under the closetiam of the Selenga River input and the chemioahthiering
is mainly controlled by the smectitization procesda the northern basin (Fig. 4B), the clay asdaegé¥s in
CONO01-603-2a are more complex. The site is locat@dmore distal position with respect to the ntaioutary.
Besides illite and smectite, other clays, chloriteparticular, influence the mineral assemblagtheflake
sediments. At Continent Ridge the weathering pagisvilaclude significant vermiculitization-like progges in
addition to smectitization.

6.2. Palaeoclimate significance of clay changes

Climate reconstruction is mainly based on vegetahistory deduced from pollen analyses. Over Eardke
Late Glacial and Holocene records contain seveoattatigraphic boundaries that reflect synchronous
vegetational and climate change (Khotinsky, 1984#talaible Eurasian palynological data have been
collected by Velichko et al. (2002) to reconstrilet main features of climate changes since the Gégeial.
The main warm and cold phases have been recogimzmdynological (Bezrukova et al., 1996) and pedaal
(Vorobyova, 1994) studies in the catchment of LBké&al but the comparison with Lake Baikal sedinaent
records was limited by sampling resolution (Karahaet al., 2000).

Our goal is to comment on the evolution of clayqies from Lake Baikal sediments in regard to tlaesbf-
the-art of regional climate reconstructions throtiid Late Glacial/Holocene transition. On a localls we will
compare our clay results with biological proxies:,ithe palynological reconstructions establishreddjacent
box cores in the southern and northern basins (Rewrisal., 2005; cfr. Fig. 2A,B), and diatom-dedve
palaeoproductivity curves from Lake Baikal sedinagptrecords (e.g., Karabanov et al., 2000; Chebgka.,
2002; Karabanov et al., 2004). In the followingadission we will focus on the common time intenesdarded
in both pilot cores, i.e., the last 14 kyr.

6.3.Late Glacial

In Siberia, the Late Glacial is marked by a prormaghcontinental climate (short and warm summerg kmd
cold winter, large temperature differences, lifttecipitation) with a mixed vegetation of foresindra and
steppe. Pollen data indicate several climate fataias with three cold periods, separated by themaBoiling
and Allerdd interstadials (e.g., Khotinsky, 1984hjithin soils the permafrost was more widespreathduhe
Allerdd than at present (Velichko et al., 2002).

In both cores there is no overall obvious and syate contrast between warm and cold intervalsv8llies
remain low (mean ~0.6 in CON01-603-2a;<0.4 in COM0%-2a) during most of the Late Glacial intervaig(
5). As an exception, S/l display peculiar high esl{S/I~ 1.8) at ca. 18-19 kyr BP in CON01-603Tas
change occurs before the inception of warming esrded in vegetation and fauna (ca. 18 cal. yrBRsstrom
and Greve, 2004) or as suggested by ice-volumelafions (Hubberten et al., 2004). Such S/l increase
coincide with punctual 10-%-decreases in illiteg(F2B). Going back to the lithological column, thiserval
coincides with the lower part of unit 2 and it lsacacterized by repeated silty layers (Fig. 2Bkelaise, in
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CONO01-604-2a an increase of S/l is also observekerower part of lithological unit 2 (Fig. 5). A it
corresponds to a drop in illite content (minus %616r more) and appears in coarser silty-rich layeig. 2A).
Therefore, we emphasize that the punctual increafsg8 occurring in both cores during the Late ¢&hcannot
be interpreted as an increase in hydrolysing canditin the catchment of Lake Baikal. Since thengmst
mineralogical change (ca. 13 kyr BP at the AL/Y@rition) is only recorded in the southern basie,ltate
Glacial mineralogical changes probably record allcbange in the provenance of the particles segb the
lake. Previously, Yuretich et al. (1999) also oledrunusual high smectite abundance within an older
interglacial (age interval ~ 200-240 kyr BP) in 8wuthern basin (core BDP93, Buguldeika Saddle; BigThis
mineralogical change, synchronous with a majooldbical change, was interpreted as the onset @rma
sediment supplies from the Selenga River. On theddmician Ridge (northern basin; Fig. 1) Horiudhale
(2000) also observed a slight increase in thedih (from 1.1 to 1.5) in Late Glacial sedimentst8-18.5 kyr
BP (Fig. 5). Again we note this mineralogical chaigassociated with the highest contribution bf{s2%) for
the last 23 kyr BP. Another lithologically-depentatrease in S/I occurred between 14 and 13 ky(f&Pn
1.3 to 2.8) in the Academician Ridge sediments ilitdii et al., 2000; Fig. 5).

Fig. 5: Variation with age of smectite/illite ratio (S/h) core CON01-603-2a (northern basin) and in core

CONO01-604-2a (southern basirmhe dashed line indicates the mean S/l value ofdhes. The chronostratigraphical column is
from Khotinsky (1984a) with the warm intervals utided by grey color. The unit refers to the litbgical zones defined in the material
section (see also Fig. 2A,B). The bold line undedithe Late Glacial/ Holocene transition. S/ dfitan Horiuchi et al. (2000) have been
added for comparison. We present a 4-point runaiverage of our data to get closer to the samplesptution of the study by Horiuchi et
al. (2000).
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6.4. Late Glacial/Holocene transition

The transition to the Holocene (i.e., Younger DARx®boreal) involves a rapid restructuring of lcapes and
separates glacial treeless environments from Habderest-dominated landscapes (Khotinsky, 198Wzg.
Younger Dryas is marked by a pronounced coolingwvaamy dry conditions (Velichko et al., 2002). Ireth
northern basin, palynological zone C-3b is markgadib arboreal pollen assemblage without dark tajpgeies
but abundant sub-alpine shrubs: C-3b reflects é dohate related to the Younger Dryas period (Diearet al.,
2005). Similar but less pronounced palynologicakashlage changes are also recorded in the souiheim
(P4a, Fig. 2A; Demske et al., 2005). The signiftaaoling during the Younger Dryas is also recoriedest
Siberian palynological records (Khotinsky, 1984ajivhko et al., 2002). In Lake Baikal sedimentsnéitic
deterioration during the Younger Dryas depressaditbnic diatoms. For instance, on Buguldeika Saddthe
southern basin (Fig. 1) the diatom population aedialmost to full glacial levels and was replabgd
chrysophyte algae (Karabanov et al., 2004). Likew@hebykin et al. (2002) evidenced on PosolskykEan
decrease of nutrient flux which resulted in a dexin diatom abundance during the Younger Dryas.

The Late Glacial/Holocene transition is not undexti by any sharp changes in the relative clay-ralner
abundance (Fig. 3A,B). In the Posolsky Bank pilmteg the S/I ratio increases after the Younger Birya
Preboreal transition (Fig. 5). In the Continentd&icilot core, the S/l ratio displays the lowedtiea from the
Allerdd until the end of the Preboreal. The YD @i event, although severe, appears to be tootshort
influence the clay-mineral record in lacustrineiseghts; the time is probably insufficient to reachew
equilibrium in soils producing different secondaminerals.

6.5. Holocene interval

The mean temperature and precipitation were clofeet present-day values during the Preboreal ¢kfiedi et
al., 2002), but the lake is characterized by amsduth gradient: the southern part is colder aiet than the
northern part (Velichko et al., 2002; Demske et2005). The Boreal is characterized by the disappee of
Late Glacial vegetation. Simulations suggest tftat 40 kyr the Eurasian ice sheets had melteds@dm and
Greve, 2004). The period ended with a brief coofimayked in Siberia by a degradation of the taide T
Atlantic period is characterized by an expansiofoodst with a marked optimum in its upper part ghsky,
1984a). The Atlantic/Subboreal transition encomeasscooling stage followed by a complex Subbgredbd.
In Siberia, the Subboreal and Subatlantic periadsespond to a unique stage of vegetational devedoyp,
marked by increased aridity and continentality ir3férn Siberia (Khotinsky, 1984a,b).

At both sites, S/l values increase by a factooof through the Holocene reaching their maximaén t
Subboreal (Fig. 5). The highest S/I values are misasured during the same period in the AcademRidge
sediments (data from Horiuchi et al., 2000; Fig.T3)e mineralogical change lags by ~ 2 kyr theroati
climatic period (i.e., Atlantic), identified locglin soils from the Lake Baikal area (Vorobyova94y but also
regionally in palaeoenvironmental indicators in taiSchirrmeister et al., 2002) and West Siberiagfisky,
1984a). Moreover, the clay-mineral curve also lgsmain palynological change recorded in the faies
sediments (Fig. 5). Defined by a drop in arboreal mon-arboreal steppe vegetation counterbalangaa b
extension of light taiga pollen taxa, the transitid®>-5b/P-6a in the southern basin (Fig. 2A) arkb(G-6a in
the northern basin (Fig. 2B) correspond to thestrand highest temperature increase for the wiadlen
sequences (Demske et al., 2005).

A slow and irregular increase in diatom abundanae @bserved in Lake Baikal sediments since the Late
Glacial/Holocene transition (Karabanov et al., 200Bebykin et al., 2002). The highest diatom cointeas
observed locally during the Subboreal period (Karaty et al., 2000). The high-frequency fluctuationghe
diatom curve indicate instability in diatom prodoat, related to climate instability according toribanov et al.
(2000). Chebykin et al. (2002) suggested thatrtegular rate of diatom production was rather aullgd by the
slow process of formation of new soils and weattgedf rocks in the catchment. The slow diatom recgwnay
be a consequence of the gradual weathering of ldomeoils. The gradual increase in the S/I ratioesthe Late
Glacial/Holocene transition, especially markedhe €ontinent Ridge pilot core, is more consisteith this
hypothesis. Even though a climate deterioratie@videnced since the early Subboreal in Siberia, the
Atlantic/Subboreal transition corresponds to a maf@nge in soil conditions from cold and humidvarm and
humid (Schirrmeister et al., 2002). In late Quaaeyrprofiles surrounding Lake Baikal, geochemistng soil
development indicate two warm and humid intervatbiw the Subboreal (Vorobyova, 1994) that are not
recorded in the general reconstruction of Khotingll§89). Both conditions favor active pedogenesagling to
the observed high chemical-weathering indexes,céalhein the northern site.
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6.6. Comparison of clay proxy records in the nomthend southern basins of Lake Baikal

Clay-mineral ratios follow parallel evolutions aettwo studied locations, in the southern and mortivasins of
Lake Baikal. However, S/l values are systematidalyer at Posolsky Bank than at Continent Ridgeror
Academician Ridge (Fig. 5). This suggests a low@sgivity of the catchment environment close tedtsky
Bank than at Continent Ridge. It could result framombination of several local parameters in theten and
northern basin catchments, respectively. The \icioi the Selenga River, the present main tribytesry
probably important. Like at Buguldeika Saddle (Migte et al., 1999; Fig. 1), sediment delivery aséleky
Bank is under the direct control of one single riftee Selenga River) that homogenizes the ergwioducts
from the catchment. A more complex mixing of sosriseprobable in the northern basin. Moreover e
sites lie close to highly differentiated relief ase Continent Ridge is close to the Barguzin mdam&nge,
whereas Posolsky Bank is part of the low-altitudéeBga River delta. As topography is a key faatahe
drainage conditions, it also influences secondanenal formation: hydrolysis conditions could bedentense
in the southern Lake Baikal catchment than in thethndue to limited runoff.

7. Conclusion

We test the application of sedimentary clay mireea abiotic climate proxies in two cores fromrnbethern
and southern basins of Lake Baikal. Assuming thati@ys are detrital, the evolution of clay asséages
contain a fingerprint of the weathering conditiavithin the catchment, further related to the clienaggime. For
Lake Baikal sediments we conclude that the S/briatusually an indirect climate-relevant proxy biktological
information is essential to avoid any change ofseaffecting the composition of the mineral assegds.
Moreover, the S/l ratio is especially sensitivesod conditions. Its evolution lags the Siberiatadtic climate
optimum, as recorded in sedimentary palynologisakablages. This lag probably takes into accoent th
response time for soil re-equilibrium. Besides syntra-sampling variability, the submilleniabgtmineral
evolution in both the southern and northern baisie®nsistent with other records from Academiciatge.
Finally, site location controls the sensitivitytbe clay records due to local parameters.
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