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Abstract: High- and very-high-resolution seismic data, ssdan sonar mosaics and piston cores from three
isolated highs in Lake Baikal (Vydrino ShouldersBisky Bank, Continent Ridge) have allowed to doentin
unprecedented detail the depositional, re-depwositiand tectonic processes and to characteriseovheal
sedimentary environment on such isolated highs. dada show that Vydrino Shoulder actually represent
turbidity- or underflow-sourced slope fan, with stihct channel-levee morphology, and affected dxtdnics
and stratigraphic unconformities. Sediment coregain up to 90% of terrigenous material. PosolskynBis a
major tilted fault block, clearly affected by teoio activity, by stratigraphic unconformities ang mass
wasting along its margins. Sedimentation on itstaeundisturbed, but average sedimentation eatefigh due
to the influence of the nearby Selenga River. Gamti Ridge is also affected by active faultingatsgraphie
unconformities and by mass-wasting along its flafike area receives only 30% of terrigenous inphére are
no signs of sediment reworking due to bottom-cuse@ur study thus shows that in comparison witheot
environments in Lake Baikal, the isolated highsbatdy hold the best potential to contain a highhtya
continuous, undisturbed and undiluted sedimentaegnd suitable for paleoclimate research.
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1. Introduction

Lakes are excellent sensors of environmental amchatt change, and sedimentary lake records are
exceptionally well suited for high-resolution, mgtoxy paleoclimate studies (e.g. Battarbee, 20@) the
scale of their catchment, lakes record regionapamses to changes in the global climate system, and
combination of such records from multiple sites cantribute to a better understanding of climatecpsses and
of interactions between different climate systemd between different regions, and their variationsr time.
The lacustrine records most suitable for paleodinmasearch are those that result from the graahisteady
accumulation of ideally mostly biogenic sedimemuieferably in small lakes with minimal riverine aglal or
tectonic influences. Such records, however, arallysguite limited in time (typically up to a fewens of
thousands of years). Records covering longer tipams (up to hundreds of thousands or millions afrgkeare
usually only contained in large lakes, which arestiyoof tectonic origin. The larger the lake, howevthe
higher is the risk of influences that may compkcaibscure or destroy the paleoclimate record asaturrents,
turbidites, mass-wasting, and tectonics. In sudtings, utmost attention should therefore be paidtlearly
understand the depositional environment prior ¢ostblection of coring or drilling locations.

Lake Baikal in Siberia is among the best exampfesuoh a large, tectonic lake with a very long seatitary
record. It is the largest (23,000 Rnand deepest (1642 m) lake on Earth (Galazy, 199BAS Project 99-1669
Team, 2002), and its sedimentary infill of nearly Km thick represents a history of probably morantt25
million years (Zorin, 1971; Nikolayev et al., 198%utchinson et al., 1992; Mats et al., 2000). Tdleloccupies
the central part of the presently still active BaiRift Zone. Morphologically, it can be sub-diviiento three
deep basins (the South, Central and North BaikalrBy which are separated by inter-basin highs Slenga
Delta accommodation zone, or Buguldeika Saddle ta@d\cademician Ridge accommodation zone).

Sediments retrieved from various locations withimké Baikal have been studied extensively sinceetréy
1990s in the framework of the international BaiRailling Project (BDP), but also by several othelgoclimate
investigations (a.0. Colman et al., 1995; Gracheale 1998; Kashiwaya et al., 2003; Kuzmin et aDQ0;
Williams et al., 1997; 2001).

Unfortunately, not all locations and depositionavieonments from which these sediment cores welleated
proved suitable for paleoclimate analyses:
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- Sediments from the North Basin, the one mostnisitvely affected by the Quaternary glaciationsysh clear
overprint of the glacial processes and associatgdfluxes of glacigenic clastics (Back et al., 892999).

- The deep basin floors of the South and CentrairBaare generally dominated by turbidite systelelqon et
al., 1995, 1999; Colman et al., 2003). These titdsgd which occur frequently in this tectonicallpda
seismically highly active rift basin, tend to dduthe lacustrine background sedimentation and soupii the
continuity of the sedimentary record.

- Major river deltas (Upper Angara, Barguzin or é3gJa River deltas) are characterised by very high
sedimentation rates and have a strong overprimivefine processes, for the terrigenous as welfoaghe
biogenic fraction.

- The crests of the inter-basin highs separatirgg Bhikal sub-basins (e.g. Academician Ridge, Bugjltd
Saddle) have long been regarded as the ideal emvént for paleoclimate studies, as they are pretefrom
turbidite activity and accumulate only hemipelagediments. Recent studies, however, have shownttibat
sedimentary record on these ridges may locallyffeeted by tectonic disruptions (Mats et al., 2086y by the
action of bottom-water currents (Ceramicola et20Q1) and may thus be less continuous and unimted than
previously thought.

For this study, carried out in the framework of tB€-funded CONTINENT project, we therefore targeted
another type of environment: the isolated highesEhhighs are high enough above the basin flodre foee of
turbidites (to insure a good, continuous, undistdriand undiluted climate record), far enough frawerr
inflows, isolated and small enough to be unaffedigcbottom-water currents. In this paper, we wikkgent a
complete suite of geophysical site-survey data eor@ descriptions from three such isolated high&ake
Baikal, use these data to characterise the pragafiedimentation processes on these highs anduateahe
potential of these environments for yielding a palienatically valuable sediment record.

2. Study areas

Three isolated highs were selected for this stibsolsky Bank, Vydrino Shoulder and Continent Ridgig.
1).

Vydrino Shoulder is located at the southeasterngmaof the South Baikal Basin, off the Hamar-Daban
Mountain Range and opposite the Angara River outfloforms an upper- to mid-slope terrace, at 80800 m
water depth, affected by active faults and cutdaesal canyons.

Posolsky Bank, located in the eastern part of thatt#rn Baikal Basin, is a tilted fault block withthe Selenga
Delta Accommodation Zone (Hutchinson et al., 198@penshain et al., 1992; Scholz et al., 1993; Schat

Hutchinson, 2000). This area is part of the stmadtyi complex boundary system between the SouthGemdral

Baikal Basins. Its crest reaches water depthsssf fkan 50 m. The southern slope is very steepaimdides

with the Posolsky border fault, i.e. the northeoufidary fault of the South Baikal Basin, whilst therthern

slope is more gradual.

Continent Ridge is a more or less isolated stratthigh North of the Svyatoi Nos Peninsula, aloing ¢astern
coast of the North Baikal Basin. It is structuradlynnected to Academician Ridge, but morphologjdalblated
from it. Its crest reaches a water depth of leas tt00 m.

3. Material and methods

The CONTINENT geophysical site-survey data and reedt cores were collected in July 2001 from R/V
Vereshchagin (Limnological Institute, Irkutsk, Riags

3.1. Geophysical data

Two different types of reflection seismic data werdlected in each of the study areas: a first gifichigh-
resolution sparker profiles and a second, densérodivery-high-resolution pinger profiles. The higesolution
profiles were shot using RCMG's multi-electroderkpa (energy: 500 J) as seismic source and a Biges
channel streamer as receiver. The signal was basdii@red between 400 and 2000 Hz in order tmiakte
electric and ship's noise. The very-high-resolutimofiles were acquired with a GeoAcoustics 3.5 kHz
subbottom profiler and bandpass-filtered over aavaifrequency band centred around 3500 Hz. Nawgaind
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positioning was done by GPS. Both types of seigstata were recorded digitally with an ELICS-Delplytem.
In total, 240 km of sparker profiles (Continent §éd 49 km; Posolsky Bank: 101 km; Vydrino Should#y:km)
and 87 km of pinger profiles (Continent Ridge: 37; Posolsky Bank: 29 km; Vydrino Shoulder: 21 kmgrev
acquired.

Post-acquisition data processing was carried dheebn a Landmark ProMax system or on a SMT Kimgdo
Suite system. Applied processing routines inclufilequency filtering, spiking deconvolution and $eg) with
main purpose to increase resolution and image tyudlhe processed sparker data show on averag@@Doas
TWT penetration and a theoretical resolution of/30ecm; the pinger profiles have a lower penetrafignto 50-
60 ms TWT) and a higher resolution (25-30 cm).

Side-scan sonar data were recorded with the 303®MdIC-3 system. It was towed at 100-200 m abovdatke
floor and imaged about 0.8 km at each side of thektline. The across-track footprint of the acmubeam
ranged from 0.75 to 3.8 m. The data were post-gsEnk using in-house developed software in ordeedace
noise, increase data quality and clarity, to gewesfce and correct the records and to produceitivpgsolarity
(i.e. light color corresponds to high backscattagsaic image of the surveyed sites. The SONIC-8gyslso
carries a 5 kHz subbottom profiler, which recordettlitional very-high-resolution seismic profileomgd the
surveyed tracks. The penetration of these pinger idaup to 30-40 m, and the vertical resolutionwll0 cm.
In total, about 260 km of side-scan sonar and pitgeks were collected (Continent Ridge: 55 kmsdteky
Bank: 125 km; Vydrino Shoulder: 80 km).

For interpretation, the geophysical site-surveyadafere combined with updated bathymetry information
(INTAS Project 99-1669 Team, 2002), which turned especially useful for the interpretation of maojuyies
and lake-floor sediment texture from the side-ss@mar mosaics.

Fig. 1: Location map of the three study areas in Lake #ailndication of seismic track lines (and of the
profiles shown in this article), of the area cowti®y side-scan sonar mosaic, of the location ofGRNTINENT
piston cores and of bathymetry (INTAS 99-1669 otp002).

v/gr

LAKE BAIKAL

[J Side scan sonar mosaic
~ . Sparker seismic line

. High-resolution seismic line

O Core position




Published in: Global and Planetary Change (200%),46, iss.1-4, pp.125-144
Status: Postprint (Author’s version)

3.2. Sediment cores

Several piston cores were taken in each of theysivelas, using 120/110 mm diameter aluminium careeks
without liners on a Goéttigen-type piston corer (kg 1963; Meischner and Rumohr, 1974). Three ebt¢h
cores were selected for this study (Fig. 1): COM03-2 (Continent Ridge; 53.9633°N 108.9130°E; 13Zm
long); CONO01-604-2 (Pos-olsky Bank; 52.0795°N 1683%’E; 624.5 cm long) and CONO01-605-3 (Vydrino
Shoulder; 51.5849°N 104.8548°E; 1051.5 cm long).

After opening and splitting of the cores, the sestiinlogical characteristcs were described and sadicolors
were estimated using the Geological Society of AcaeRock Color Chart (Goddard et al., 1948). Theeagas
then sub-sampled each 10 cm for smear slides, witoided a semi-quantitative estimation of thegeioic
and detrital components. X-ray radiographs werearafdhe entire core on 1-cm-thick slices of sedithand
this yielded information on the characteristicsseflimentary and tectonic features (e.g. the tygarmination,
slumps, faults or burrows). All lithological and démentological information was then combined into a
lithological log for each of the cores.

4. Vydrino Shoulder
4.1. Side-scan sonar mosaics

In combination with the new bathymetric data, thd@esscan sonar mosaic reveals the morphology of the
Vydrino Shoulder area as highly complex (Fig. 2ycam more than expected from the previously avaslabl
bathymetric data (USSR Ministry of Defence, 1992)e morphology is one of a series of elevated sdg®re

or less perpendicular to the coast, separated &pglylencised canyons or channels. The relief istroatrasted
and complicated in the mid-slope section, with aimam bathymetric difference of around 300 m, frdm
summit of the ridges to the deepest channels. Towpimology gets more subdued towards the deep [flasin

and towards the shore (i.e. the canyons do nohdxtethe shoreline).

The ridges are characterised by a homogeneous doksbatter sonar facies, suggesting a predominafice
medium- to fine-grained sediments. This is in agreet with the relatively high penetration of th&Hz pinger
profiles on the ridges (up to 20-30 m) and is aondid by a series of short sediment cores (SturmBaster,
personal communication). Piston core CON01-605-8 gadlected on the crest of such a ridge. The s&sthe
ridges are quite flat. The flanks are incised byalsngullies, with slopes of 10° to 12°, and sediten
destabilisations indicating mass-transport fromrttiges into the channels.

The channels are mostly flat-floored and show \&rgng, high-amplitude sonar returns, suggestiag the
channel fill is mainly composed of coarse, sandyeni@. Pinger profiles across the channels shory tegh-
amplitude reflections and almost no penetratioror&gic sediment waves in the channels are illuseaif the
coarser nature of the sediment and of the highggnemnditions (most likely involving turbidite oryperpicnal
flows). The sediment waves also indicate the diveabf net sediment transport.

4.2. Pinger and sparker seismic data

The high-resolution pinger profiles confirm theosty contrast between the ridge crests with relgtigeod
acoustic penetration, and the channels with viigualo penetration (Fig. 3). The flanks of the ridge
characterised by steep and often fault-controllieghes, present many slumps and sediment destdtutiza
features.

Sparker profile Cont47 shows that the upper 250880r'WT (about 200-240 m) of the sedimentary saabio
the coring site (i.e. on a ridge crest) can be diulmled into three main unconformity-bound seismic-
stratigraphic units: Units 1, 2 and 3 from top &sé (Fig. 4).

They are each about 100 ms TWT (~80 m) in thick@esk characterised by different combinations ofreé
facies:

- Unit 1 is characterised by a more or less homeges high-amplitude and stratified seismic facidw facies
suggests a rather stable depositional environnidrd. CON01-605-3 piston core did not penetrate tee of
this unit (Fig. 4).

- Units 2 and 3 show an alternation of low- andhkignplitude facies, chaotic and stratified, respebt. These
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different facies could be interpreted as disorgahimass-wasting deposits (chaotic facies) andvelgtcoarse-
grained stratified deposits, possibly turbiditasatified facies). The stratified facies shows saememblance to
that of the overlying unit.

Fig. 2: Side-scan sonar mosaic of Vydrino Shoulder andnitsrpretation. Indicated are bathymetry and
location of core CONOI-605-3.
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The sparker profiles also show that the area hes bffected—to a variable degree—by tectoniovegtiThe

tectonic deformations, consisting of normal fawith regionally or counter-regionally dipping fagltanes and
variable offsets, affect all units, but they arerenpronounced in the lower Units 2 and 3. This datBs a
decrease of the tectonic activity through time. &tter, some faults also seem to affect only theuppits and
disappear at depth (Fig. 4). This is probably duthe relative orientation of the seismic profilgharespect to
the dipping fault plane, causing the upper patheffault to be imaged by the profile and the lop@rt not. The
tectonic influence is also more outspoken in thethesn part of the profile, whilst the southern tpar

characterised by a much more undisturbed strdiifica

Fig. 4: Sparker profile Cont47 across the CONOI-605-3 rgrsite on one of the ridges of Vydrino Shoulder,
and its interpretation. For location see Fig. 1.
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4.3. Sedimentological data

The lithology of core CON01-605-3, correspondinghe upper part of seismic Unit 1, is dominateddbyrital
muds with only 1-m-scale diatom-rich interval irethpper part of the core (Fig. 5). The sedimentwshonly a
few remarkable sedimentary structures, such ailgat bedding, cross stratification and erosiveusing. The
core shows little influence of tectonics: one sluamgl two small faults are observed. Bioturbatioresricted to
a few centimeter-scale burrows. The sedimentatytexextremely variable, is nebulous to coarsatyihated.

The core can be sub-divided into three main litial units (Fig. 5):

(1) The upper part of the core (0-107 cm) displgigs/ silty clay to clayey silt. Diatoms amemmon in the
upper 10 cm and decrease gradually between 10 3eth7Below 75 cm, only a few diatoms are obseased!
the sediment color gradually shifts from gray tokdalive gray. The sediment texture is diffuse wibme
discontinuous and irregular dark (grayish blackiaok gray) laminations, streaks and lenses of rakesiron
sulphides (probably mackinawite).

(2) Between 107 and 610.5 cm, the sedimentationaigly detrital with dark gray silty clay and claysilt. In
addition, eight homogenous dark gray to mediumtlgrhy sandy layers occur between 170 and 371 ame ®
very few diatoms are observed until 160 cm deptie Texture is mainly diffuse, but the sedimentimely
laminated in two pluridecimetric intervals (135-1@0d 569-610.5 cm) and coarsely laminated in twerst
(170-342 and 499-569 cm). The laminations are lsudgfined by micaceous silty layers. Numerous apiar
little black concretions of metastable iron sulghate observed throughout this unit.

(3) Below 610.5 cm, the sediment is clayey, homeges without any internal texture (except one fauthe
lower part). Some dropstones are scattered throhighinterval. In our interpretation, this sedimeekture
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represents the true, original texture of the ddpaai that depth. It can, however, not be exclutied it could
also be due to a coring artefact.

Fig. 5. Lithologs of the three piston cores from Vydrinbo@der (CONO01-605-3), Posolsky Bank
(CONO0I-604-2) and Continent Ridge (CON01-603-2) Femsons of conformity, symbols are similar toesth
published logs from Lake Baikal (Fagel et al., 2003
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Fig. 6: Side-scan sonar mosaic of Posolsky Bank andtisgretation. Indicated are bathymetry and locatafn
core CON01-604-2.
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5. Posolsky Bank
5.1. Side-scan sonar mosaics

The side-scan sonar mosaic from Posolsky Bank @ighows the morphological characteristics of giallow
high. The central part of the Bank (east-centrd sif the mosaic) is characterised by a flat, smowrphology
interpreted to represent an environment of undistdy quiet sedimentation. The average backscatienge
indicates a predominance of relatively fine-graisediments. This is confirmed by short sedimenes¢Bturm
and Baster, personal communication).

The margins and slopes of the bank (~7° and ~2@%pston the eastern and western slopes, respgtsreiw
evidence of slumping and faulting (Fig. 6). Esplgithe southwestern part of the mosaic shows aemor
irregular morphology and a higher-energy sedimentarvironment with a major, possibly fault-conteal]
incised channel that appears to direct sedimemtartts the South Baikal Basin. The high-amplitudmomse of
the sonograms and the 5 kHz pinger profiles sugtpastthe channel fill is mainly composed of coasndy
material.

5.2. Sparker and pinger seismic data

According to sparker profile Cont31, the upper 300 ms TWT (about 160-240 m) of the sedimentaryecov
on Posolsky Bank can be subdivided into five ma&iisraic-stratigraphic units (Units 1 to 5 from taphase),
separated by distinct angular unconformities (FjgThese sedimentary units have variable thiclesess

- Unit 1 is only a few meters thick. It covers abhthe whole area and drapes the pre-existing notoght (even
on the slopes). This unit is only slightly affectegifaulting. The CON01-604-2 piston core did nehetrate the
base of this unit (Fig. 7).

- Units 2, 3 and 4 all display a more or less ragalternation of low- and medium-amplitude paclsageach
typically a few meters to 10 m thick. They indic#itat the dominant depositional process has vaggdlarly
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during the formation of these three units. The khéss of these units varies laterally, and is erfeed by
faulting at the margins of the bank. The influenfdaulting becomes gradually less pronounced @ythunger
units.

- Unit 5 shows a weak stratification and is mostharacterised by low reflection amplitudes. Therevidence
for a few higher-amplitude reflections deeper iis tmit.

The channel in the southwestern part of the studg & characterised by common slumps and othes-mas
wasting features, chaotic facies, etc. This is pbbp due to the influence of tectonics, as suggebte the
observation of faults on side-scan sonar imagesaistnic profiles.

5.3. Sedimentological data

Core CONO01-604-2 from Posolsky Bank, correspondimgalmost the entire seismic-stratigraphic Unit 1,
comprises three main lithologies, present in simpaoportions: biogenic diatom-bearing material xeai
biogenic/detrital material and pure clayey matefidy. 5). Two diatom-rich intervals can easily discerned.
The core presents different textures (mainly nelmlor finely laminated) and bedding types (pardikdiding,
cross stratification, erosive contact). The sedineonly slightly influenced by tectonics sinceya few faults
and slumps can be observed. Bioturbation is relbtiwidespread and expressed as isolated, narrowvesi (2-

4 cm long, 3 mm wide) that affect the biogenic dettital intervals indifferently.

The core can be sub-divided into six lithologicaitsi (Fig. 5):
(1) The upper part of the core (0-47.5 cm)inelf laminated, and consists of olive-gray to niedidark gray
clayey silt to silty clay with common diatoms. Tdiiatom abundance is high in the upper 20 cm anckdses to

a few (20-40 cm) or very few specimens (40-47.5.cm)

(2) Between 47.5 and 205 cm, the material is ngadetrital. It comprises olive-gray to dark greénggay clay
and clayey sediment with silt. No or very rare dim$ are observed in this interval.

(3) Between 205 and 236 cm, the core is charaeitby dark greenish gray clayey muds with fewoahiest
(4) From 236 cm, the diatom abundance increassugtly and then fluctuates down to 395 cm. Thénsexat
consists of olive-gray to dark greenish gray clagd silty clays. Numerous burrows filled by yellgvibrown

material are concentrated in this interval. Altloé observed faults occur in this interval.

(5) Between 395 and 447.5 cm, the sediment insladfew diatoms. The detrital components are gnaylise
to dark olive gray silty clays.

(6) From 447.5 cm to the base of the core (62} the material is purely clayey, olive gray taldgreenish
gray in color. Some burrows are scattered in ttiislbgical unit.
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Fig. 7. Sparker profile Cont31 across the CONO01-604-2 rgprsite on Posolsky Bank, and its interpretation.
For location see Fig. 1.
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Fig. 8: Side-scan sonar mosaic of Continent Ridge andtiéspretation. Indicated are bathymetry and locati
of core CON01-603-2.
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6. Continent Ridge
6.1. Side-scan sonar mosaics

The side-scan sonar mosaic of Continent Ridge @iglustrates the general morphology of the afida crest

of the ridge is characterised by a relatively flahooth morphology interpreted to represent a qngironment

of undisturbed sedimentation. The low average lmtier energy indicates a predominance of homogeneo
fine-grained sediments. The margins and slopes@®fitge display destabilization features, suclslasiping

and creeping, which have been confirmed by a sereshort sediment cores (Sturm and Baster, pefsona
communication). These, however, do not affect tiestof the ridge on its eastern part.

6.2. Sparker and pinger seismic data

The sparker profiles show that the upper 200-250TWg (about 160-200 m) of the sedimentary covethat
piston coring site on Continent Ridge can be swiddd into five main lithological units: Units 1 tfrom top
to base (Fig. 9). These units are typically abdun®s TWT thick (~40 m), except for Unit 1, whichdsly 20
ms TWT thick (~16 m).

- Units 1 and 2 are characterised by continuough-aimplitude reflections. The boundary betweenehe
units is a (correlative) conformity, although Idgaminor onlaps can be observed in the vicinityfailts. The
CONO01-603-2 piston core only sampled the uppergfddnit 1 (Fig. 9).

- Units 3, 4 and 5 consist of an alternation ofamd high-amplitude reflections, indicating a distivariability

in time of the dominant depositional processes. Atwndaries between these different units are tsighular

unconformities, and there are indications of sytireentary tectonic activity or of short interrupi®(hiatuses)
in the sedimentation.

Like the coring sites on Posolsky Bank and Vydi8twulder, the sedimentary units of Continent Ridigealso
influenced by tectonics and affected by faultingeTmostly normal faults can have a displacemenipatfo 50
ms TWT (~40 m), but most are much smaller and oftecur in clusters. Such micro-faulting clustersintya
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affect Units 1 to 3 (Fig. 9) and appear to be tlearrsurface expression of a deeper single fauleyTh
significantly influence the continuity of the sedintary cover. Some of the observed faults alsaffe lake

floor morphology, as observed on the side-scanrsmosaic (Fig. 8).

Fig. 9: Sparker profile Cont05 across the CON01-603-2rapsite on Continent Ridge, and its interpretation.
For location see Fig. 1.
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6.3. Sedimentological data

The lithology of the CONO01-603-2 core, correspogdim the upper part of Unit 1 on Continent Ridgehighly
diverse, ranging from pure diatom-rich layers toepdetrital clayey layers, with transitional biogeand detrital
lithologies. At least five decimeter- to meter-gcdlatom-rich intervals occur: i.e. at 0-7, 70-1880-540, 590-
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930, 1060-1127.5 cm (Fig. 5). The detrital compaseapresent around 25% of the cumulated thickoésise

sediment core and are dominated by clays to gilésan exception, two millimetric sandy layers witparse
gravels occur near the base of the core (i.e. 41095 and 1097.5-1098 cm). The texture of the dsr
variable: homogeneous (mainly in the clayey intEvadiffuse, finely laminated (especially in théayey

diatom-rich intervals) or in places coarsely lanoh(in the pure diatom layers). The core presemsy
sedimentary structures (plan parallel or lentichladding, cross stratification, erosive scouringg & strongly
affected by many tectonic features, especiallydult$ in the upper 2 m and between ~680 and 102@eapth
(Fig. 5). Some slumps occur at around 400, 550, 8@0, 850 and 1060 cm depth. Diffuse bioturbatou

burrows affect biogenic and detrital layers at éqotensity. However, the biggest burrows mostiycurcin

diatom-rich layers. Small lenses of diatoms andsflare present in the lowest diatom-rich interval.

7. Discussion
7.1. Main sources of terrigenous supply to theisolated highs

The sediment cores from two of the three studysa(€antinent Ridge and Posolsky Bank) show a heamjpe
lithological succession typical of elevated aregakake Baikal, and similar to what has previousbgih reported
from the Academician Ridge area (e.g. BDP-96 memb#997; Grachev et al., 1998; Antipin et al., 2001
Prokopenko et al., 2001; Fagel et al., 2003). Té¢mysist of an alternation of greenish clayey muut$ alive-
colored biogenic diatom-bearing intervals. This releteristic alternation of predominantly biogenignad
terrigenous-dominated intervals is interpreted a&dlecting warm (interglacial/interstadial) and cold
(glacial/stadial) periods, respectively.

The relatively strong abundance of the detritattiom reflects the influence of the fluviatile inpuand the
proximity of the main local tributaries:

- The Vydrino Shoulder core (CONO01-605-8nprises 90% of detrital material, and represantsn-
hemipelagic setting. The side-scan sonar datalgle@aticate that sediment transport in the VydriBboulder
area occurs mainly via a system of canyons or geepised channels. The presence of bedforms icchiagnel
floor suggests active sediment transport undeiirtfieence of mass flows, turbidites or hyperpicflalvs. In
such a context, the ridges between the channels kel represent levee environments and the damtin
sedimentary process would be overbank depositianobuurbid plumes. The core is characterised by th
occurrence of repeated decimetric yellowish samageis (such layers do not occur in the other twdngo
locations). The internal structure of those coalagers cannot be detailed (due to the low cont@stX-ray
radiographs. They are in agreement with a turlsiditigin of these deposits. In addition, the honmageis
plurimetric clayey interval at the base of the ¢@ned also visible on the pinger profiles, coulgresent a major
mass-wasting event. The source of the terrigenopplg to Vydrino Shoulder would be either the upplepe
of the area (turbidites and mass flows, generateddstabilized upper-slope deposits), or drainagen fthe
Hamar-Daban Mountain Range by the Snezhnaya anchKiarin Rivers (hyperpicnal flows due to floods).

- The Posolsky Bank core (CON01-604-2) consists #0% of detrital material. Posolsky Bank is in the
immediate vicinity of the Selenga River delta (l#ssn 35 km). The Selenga River is the main trigutd Lake
Baikal (actual discharge: 31 Rhyear), and its delta is one of the largest frestter river deltas in the World.
The sedimentary environment on top of Posolsky Biantherefore very likely intimately linked to seu@nt
input of the Selenga River, possibly via settlingt of interflows or turbid plumes. The thicknessdsthe
seismic units in the area appear to be stronghtedlto the water depth. This can also indicatersattation out
of interflows injected from a local point source.

- In the Continent Ridge core, the detrital compunepresents 30% of the thickness. The side-soaars
mosaic does not show any sediment transport fesatheg would indicate bottom-current influence. Tedrital
sedimentation seems to be mainly controlled byrfilote supplies. The coarser silt fraction and, articular, the
sandy layers at the base of the core neverthetdsstp a relatively proximal source: i.e. BarguRiver and/or
local rivers along the southeastern coast of thetNB®aikal Basin. For comparison, the core locaf®A10 km
from the Selenga River delta, 100 km from the BangRiver delta and 25 km from the coastal rivers.

7.2. Stratigraphic continuity on the elevated platforms
The seismic sparker profiles show that the sediargrtover of each of the elevated platforms is att@rised

by a succession of several seismic-stratigraphits,useparated by unconformities. These unconfiemitvhich
are sometimes erosional in nature (Continent Risfgdrino Shoulder) and sometimes angular (PosoBskyk),
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provide clear evidence of the presence of discaittes or hiatuses in the sedimentary record. Nohéhe
piston cores, however, penetrated the base of gpermost seismic-stratigraphic unit in their stuga, and
therefore they can all be regarded as having samaleontinuous and uninterrupted sedimentary sectio
(i.e. within the limits of the seismic resolutiorffomparison of the seismic units with the core dpsons
indicates that most of the cores comprise more thae of the climatically conditioned alternations o
terrigenous muds and biogenic diatom-bearing imtisrvT his indicates that climate, at least withia tange of
glacial-interglacial cycles, is not the cause & tibserved unconformities. All observed seismit¢surgpresent
time intervals that are significantly longer thdiose of the glacial-interglacial cycles. The obsdrv
unconformities are therefore most likely to beibttied to tectonic activity, which is obvious foo$dlsky Bank
and, to a certain extent, for Continent Ridge, osgibly to tectonically controlled large-scale atijnents in
basin dynamics, such as water circulation pattennsents, etc.

The side-scan sonar records show that the mardgimost of the investigated highs are characterisedhass-
wasting features (creeping, slumping, channels),ddat that the crests represent areas of untstusediment
accumulation. This is particularly evident on Caetit Ridge (Fig. 8). The process of sediment relisation
on the steep slopes of the ridge (~7-8°) is cordinby a dense grid of short sediment cores, whisleal
significant differences in thickness of the Holoeateposits between the crest of the ridge andah&d.

7.3. Influence of tectonicson the elevated platforms
The seismic, side-scan sonar and core data alsalrawdistinct overprint of tectonics on all of #iady areas:

- The seismic profiles show that the channel-lessgstems of Vydrino Shoulder are intersected—tagali
variable degree—by several regional and countdoned)normal faults. Fault activity seems to haeerdased
through time.

- Posolsky Bank, a major tilted fault-block, ideted by a series of second-order internal faditane of the
faults extend up to lake floor and affect the réw®st seismic-stratigraphic units (Units 2 to 4}ilet others
only influence the older units (Units 3 and 4). idéé&ements along the fault generally decrease usniarthe
section, suggesting a gradual decrease in tectaofivity through time and/or an effect of increased
sedimentation rates through time.

- Also Continent Ridge is intersected by a numbddaige faults. Some of these reach up to the flakg, whilst
others essentially affect the lower seismic-strapipic units and appear to splice up into a clustenicrofaults
towards younger strata, dying out before reachiegsurface (Fig. 9). The tectonic influence on @it Ridge

is also evident in the sediment core, which conagriseveral unconformities and numerous millimeter-
decimeter-scale faults and slumps. Seismic profiteswn the presence of certain intervals with a nmréess
chaotic seismic facies. These intervals seem tatpate unconformities and appear to be relatedctivity
along nearby faults. The sparker profile Cont05y(M), across the coring site, shows one of suclzdms at
about 7 mblf. This horizon correlates with a settmf core CON01-603-2, which is characterised by th
presence of several small faults and slumps isé¢idémentary record.

8. Conclusions

High-resolution sparker and very-high-resolutiomg@r data, side-scan sonar mosaics and piston frones

three isolated highs in Lake Baikal (Vydrino ShauldPosolsky Bank, Continent Ridge) have allowedaus
document, in unprecedented detail, the depositioradlepositional and tectonic processes and teactexise

the overal sedimentary environment on such highs.

New bathymetric data as well as the geophysicetssitvey data indicate that Vydrino Shoulder dossreally

represent an “isolated high". With a distinct cheldavee morphology and up to 90% of terrigenousenia in

the core, it forms the main depocentre of a langbidite system (slope fan). The lacustrine backgd
sedimentation is therefore highly diluted by clagtiput, and regularly eroded by turbiditic actviT he system
is either sourced by underflows during floods ie #ujacent Hamar-Daban Mountain Range (in whick tasy
could hold a valuable and unique record of preaffmt in the area), or by turbidites generated lgsawvasting
on the upper slope (in which case they could hotécrd of seismicity). The channels are condwtstiie

transfer of coarsegrained sediment towards the deen floor, whilst the adjacent levees are fornbgd
overbank deposition out of turbid plumes. Channellsvand levee margins are affected by mass-wasiing
the whole area is affected by faults that showewvie of recent activity.
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Posolsky Bank is a major tilted fault block, cleaffected by tectonic activity and by mass wastihang its
margins. The crest of the bank is characterisedelstively undisturbed sedimentation, although aeseof
distinct angular unconformities indicate the preseof hiatuses. They are probably related to téctpulses,
the activity of which seems to decrease througletiirhe bank receives large amounts of clastic ifpptto
70% of the core) from the nearby Selenga River—buatcontrast to Vydrino Shoulder—essentially thrbug
hemipelagic settling. This results in littleor no erosion of the background sedimentatiwt,also in
relatively high sedimentation rates, particularydieeper water.

Only 30% of the total sediment accumulation on @@t Ridge is of terrigenous origin. Some leveithw
coarser detrital fraction point to an influencetwd relatively nearby Barguzin River and/or lodaeérs along the
southeastern coast of the North Baikal Basin. @enti Ridge is also affected by active faulting #ydmass-
wasting (creeping, slumping) along its flanks amdreon part of its crest. The sedimentary covémterrupted

by some minor unconformities that appear to be cgatad with fault activity. These unconformitieselally

correlate to sediment packages affected by miantisfan the piston core. There are no signs of rmedt

reworking due to bottom-currents, as is often oles@ion the nearby Academician Ridge.

The isolated highs in Lake Baikal (Posolsky Bankl &ontinent Ridge) are areas of relatively calm and
undisturbed sediment accumulation in this largetotgically active rift lake. Especially the crestisthe highs
are not affected by turbidite erosion, by sedimemtorking, by bottom-currents or by mass-wastingi¢l is
restricted to the slopes of the highs) and thegditg accumulate hemipelagic sedimentation withasiable
terrigenous component, depending on their disténoee the main tributaries. However, all highs aretcertain
extent affected by tectonics. Nevertheless, in aomapn with other environments in Lake Baikal, tbelated
highs probably hold the best potential to contairhigh-quality, continuous, undisturbed and unddute
sedimentary record for paleoclimate research ont shiat also long time scales.

This study also illustrates the importance of a@ggfi.e. high- to very-high-resolution) site-suyivey prior to
selecting coring locations.
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