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AEOLIAN SANDS ON YARKI ISLAND IN NORTHERN BAIKAL

Kozyriewa E. A., Szczypek T., Trzcinskij Ju. B. Piaski eoliczne na wyspie Jarki na pélnocnym Bajkale. Wyspa Jarki
stanowi bardzo waska (50-100 m) kosg¢ lub mierzejg, oddzielajaca pdocny kraniec Bajkatu od Angarskiego soru. Jest efektem
akumulacji osadow przynoszonych przez Kiczerg i Wierchnia Angare, a takze oddziatywania fal bajkalskich. Jest wige forma ho-
locenska, zbudowang z piaszczystych osadow rzecznych i jeziornych, ktére po wynurzeniu si¢ nad poziom wody zaczgly by¢
modelowane przez wiatr. Rozwingly sig tu liczne formy wydmowe o wysokosci niegdys siggajacej do 10-12 m, ktorych podsta-
we stanowia dawne waly brzegowe. Praca przedstawia charakterystyke wspolczesnej rzezby eolicznej tego obszaru, a przede
wszystkim zwraca uwagg na mechaniczne cechy piaskow przewianych na tle utworéw podltoza.

Ko3ssipesa E. A., lllunek T., Tpxxmuacknit 0. b. JosoBbie neckn ocrposa SIpku Ha ceBepHom Baiikane. OctpoB Spku —
ouenb y3kuit (50-100 m) Gap, oTaersIoNMil ceBepHBINA Kpaii baiikama oT AHrapckoro copa. SIBsercst pe3ylIbTaToM aKKyMYJISIHH
OTJIOXKEHHUH, IpUHOCUMBIX p. Knaepoit 1 Bepxueli AHrapoi, a Taxoke BO3ieHCTBUS OaikaabCKux BOJH. Tak, 3TO ToJomeHoBas
(dopma, ciio)KeHa IEeCYaHBIMH PEYHBIMH U O3EpHBIMH OTJIIOKEHHUSIMH, KOTOpBIE ObIN mepepaboTaHBl BETpPOM. 31ech
00pa30BaCh MHOTOYHCIICHHBIE AIOHBI IEPBHYHOM BBICOTOI 710 10—12 M, OCHOBaHHEM KOTOPBIX BBICTYNAIOT AaBHUE OeperoBbie
BaJibl. B cTaThe 1aHO omMcaHue COBPEMEHHOTO 0JIOBOTO pelibe(ha TEPPUTOPUH, C YUETOM, B OCHOBHOM, MEXaHUUECKHX CBOICTB
MepeBeBaEMBIX IIECKOB Ha (POHE OTIIOKEHHUH cyOcTpaTa.

Abstract made by former spill banks (Rocozin, 1993).
This bar

Yarki Island makes very narrow (50—100 m) cuspate bar Kichers

or sand spit, dividing the northern part of Baikal from |

Angara sor. It is an effect of accumulation of deposits
brought by the Kichera and Verkhnaya Angara rivers, as
well as the influence of Baikal waves. Therefore it is S

the Holocene landform, built of sandy alluvial and Yarki Is aﬁx
lacustrine deposits, which after rising over water

BAIKAL.\_&

level became be modelled by wind. Numerous dune S Q
landforms developed here of height, which earlier NNNE) N N
reached 10—12 m, and of base made by former spill 0 5k “‘\E‘:b

banks. The study presents the characteristics of pre-
sent-day aeolian relief of this area and most of all it ) ) )
pays the attention to mechanical properties of blown Fig. 1. Location of Yarki Island:

: : 1 — Kichera-Angara Plain, 2 — area of bar
he back f : & :
sands against the background of substratum deposits Rys. 1. Polozenie wyspy Jarki:

1 — Rownina Kiczery-Angary, 2 — obszar mierzei

already about 2000 years ago became be stron-
gly damaged by abrasion in result of natural fluc-
INTRODUCTION tuations of water level in Baikal (Aranasvev,
1967; Sizikov, 1987), whereas since the middle
Yarki Island is the Holocene cuspate bar of 50—  of the 20™ century it is additionally degraded by
100 m wide, built of sandy alluvial deposits acolian processes, intensified by anthropogenic fac-
(brought by Verkhnaya Angara and Kichera; fig. tor: strong abrasion of lake waves caused by dam
1) and lacustrine deposits, which after rising building on the Angara in Irkutsk and vegetation
over water level became be modelled by wind. damaging by tourists (Rocoziv, Trzcinsky, 1993).
Nu-merous dune landforms of formerly height of  Presently in some places during storms lake waves
up to 10-12 m developed here, which base was overflow through the island into the shore-lake—
sor (after drying up this area covers — owing wind
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activity — with mobile aeolian microforms — phot. 1,
which disappear after the following passing of wa-
ves). These waves also caused that the eastern part
of Yarki Island practically does not already exist,
whereas the western part was divided into two
fragments (fig. 1).

The aim of this study is a general characte-
ristics of contemporary aeolian relief and most
of all a presentation of grain size distribution and
quartz grain abrasion of blown drift sands of this
area against the background of deposit substra-
tum.

Phot. 1. Thin cover of aeolian sands at the surface, over which
the Baikal waves overflow into sor — the view from the lake
side (phot. by E. A. Kozyreva)

Fot. 1. Cienka pokrywa piaskoéw eolicznych na powierzchni,
przez ktora przelewaja si¢ fale Bajkatu do soru — widok od
strony jeziora (fot. E. A. Kozyriewa)

INVESTIGATION METHODS

To realise research themes the following proce-
dures were carried out: 1) geomorphological map-
ping of aeolian landforms in the field, 2) sieve
analysis of aeolian sands and substratum mate-
rial, calculating the basic indices of grain size
distribution after equations by Fork and Warp
(1957): Mz — mean grain diameter, o — standard
deviation, stating of deposits sorting, 3) research
on degree of mechanical abrasion of quartz gra-
ins 1,0-0,8 mm of aeolian sands and substratum
material by means of method of mechanical gra-
niformametry by Krycowski (1964) calculating
index of abrasion Wo as well as the content of
grains of y type (rounded), B (semi-rounded) and
o (angular), as well as also modified microscopic
method (morphoscopic) by CaiLeux (1942) —
calculating the content of grains of RM type —
matted rounded, EM — rounded polished, EL —
semi-rounded and NU — angular. Points of sam-
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ple taking were presented in figures 5 and 6. But
one should emphasise that the site 4 is not loca-
ted on the island, but it reveals the analogous
features: therefore it can be treated as compara-
tive site.

CONTEMPORARY AEOLIAN RELIEF
ON YARKI ISLAND

Contemporary aeolian relief on Yarki Island has
decidedly deflative character, because the former
dune landforms originated here undergo intensive
blowing out. Simultaneously from this material
small aeolian microforms are created. Of morpho-
genetic importance, as field observations proved,
are winds blowing from two almost opposing di-
rections: predominating — 22,6-49,6° (from the si-
de of sor) and of minor importance —218,2-239,6°
(from the side of open Baikal; Kuak, Szczy-
PEK S., Szczypek T., 2006 — fig. 2).

Fig. 2. Roses of azimuths of acolian landforms axes and re-
constructed mean azimuths (°) of directions of relief-for-
ming winds on Yarki Island (after: Khak, Szczypek S.,
Szczypek T., 2006)

Rys. 2. Réze azymutoéw osi form eolicznych i zrekonstru-
owane $rednie azymuty (°) kierunkéw wiatrow rzezbotwor-
czych na w. Jarki (wg: Khak, Szczypek S., Szczypek T., 2006)

Actual landscape of Yarki Island within the
range of aeolian relief is varied. It is possible to
distinguish here — without going into details — so
called low and high relief, which refer to land-
forms height and their morphological distincti-
veness.

On Yarki Island low aeolian relief predomi-
nates. It is represented mostly by small wavy sur-
faces of blown out cover sands with accompa-
nying them deflative landforms and accumulati-
ve microforms, as well as transverse dunes of
height up to 1-2 m (phot. 2). They have asym-
metrically shaped opposite slopes, but the slope
angle is not large (8-12° : 13-21°). Leeward slo-
pes of exposure generally towards SW are par-




tially blown out by rarely appearing winds from
this direction. Whereas windward slopes of the-

o

Phot. 2. General view of low dunes — between the sites 1
and 2 (see fig. 5; phot. by E. A. Kozyreva)

Fot. 2. Ogdlny widok wydm niskich — miedzy stanowis-
kiem 11 2 (por. rys. 5; fot. E. A. Kozyriewa)

se landforms exposed generally towards NE are
— to the rule — strongly degraded by deflation and
in place of them smaller or larger deflation ba-
sins develop with appearing between them rem-
nants of the same genesis. Similarly disturbed is
the direct foreground of these slopes: deflation
surfaces of different size with kept remnants also
function here. Sand transported from the nor-
thern part of narrow part of the island in the ma-
jority is accumulated at the foot of leeward slo-
pes in the form of actually developing belts of
acolian cover sands, but its part wanders towards
inshore part of Baikal, causing its shallowing. In
the control site 4 flat, intensively blown sandy
covers predominate, therefore in the morpholo-
gical landscape deflation remnants of different si-
ze are common, in shadow of which accumula-
tion sandy shadows are created (fig. 3).

High aeolian relief on Yarki Island is signifi-
cantly rarely met, but most often identified with the
landscape of this area. Presently it is represented by
some unusually distinct dune remnants of height
up to 4-5 m, length 10-30 m and width 20-30 m.
They are characterised by the presence of fragmen-
tary, blown windward slopes and the complete lack
of leeward slopes, which were disturbed by abra-
sion. Washed over, formerly aeolian material pre-
sently occurs at foots of steep abrasive slopes
in the form of sandy piles (Wika et al., 2006).
After Rocozin (1993) in the lower part of present
remnants deposits of high shore embankments oc-
cur, in roof of which humus horizon is observed.

Over it only sands occur. Therefore, according
to above-mentioned author, the discussed landforms
are characterised by swash-acolian genesis. Ana-

30

lysed remnants distinctly tower over almost flat
deflation areas, on which clear indications of wa-

Fig. 3. Geomorphological sketch-map of compared site 4
(cf. fig. 5):

1 — aeolian cover sands, 2 — modern blowed sandy covers, 3 —
sand shadows, 4 — deflation plains, 5 — deflation remnants,
6 — deflation corridors, 7 — blowouts, 8 — clogs of trees

Rys. 3. Szkic geomorfologiczny poréwnywanego stano-
wiska 4 (por. rys. 5):

1 — eoliczne piaski pokrywowe, 2 — wspolczesnie nawie-
wane pokrywy, 3 — kopczyki piaszczyste, 4 — plaszczyzny de-
flacyjne, 5 — ostance deflacyjne, 6 — korytarze deflacyjne, 7 —
niecki deflacyjne, 8 — ktody drzew

Fig. 4. Geomorphological sketch-map of fragment of high
and low aeolian relief in Yarki Island near site 1 (cf. fig. 5):
1 — windward slopes of dunes, 2 — leeward slopes of dunes,
3 — aeolian cover sands, 4 — modern blowed covers, 5 —
sand shadows, 6 — deflation plains, 7 — deflation undercuts,
8 — deflation corridors, 9 — blowouts, 10 — deflation rem-
nants, 11 — abrasion undercuts, 12 — peat ridges, 13 — swam-
py areas, 14 — zone of “osushka”, 15 — beach, 16 — water
Rys. 4. Szkic geomorfologiczny fragmentu wysokiej i nis-
kiej rzezby wydmowej na w. Jarki w sasiedztwie stanowis-
ka 1 (por. rys. 5):

1 — stoki proksymalne wydm, 2 — stoki dystalne wydm, 3 —
eoliczne piaski pokrywowe, 4 — wspolczesnie nawiewane po-
krywy, 5 — kopczyki piaszczyste, 6 — plaszczyzny defla-
cyjne, 7 — podcigcia deflacyjne, 8 — korytarze deflacyjne, 9



— niecki deflacyjne, 10 — ostance deflacyjne, 11 — podcigcia
abrazyjne, 12 — waty torfowe, 13 — obszary zabagnione, 14 —
strefa osuszki, 15 — plaza, 16 — woda

ves overflowing are visible. Remnants are divi-
ded by more or less wide deflation corridors, on
which bottom sandy covers develop. At deflation
surfaces numerous sand shadows of different si-
zes and sometimes — shallow deflation depres-
sions basins are also created (Wika et al., 2006).
Another example of slightly less typical high
aeolian relief is demonstrated by fig. 4 as well
as photos 3 and 4. High dune remnants divided
by flat deflation surfaces also occur here, but —
as opposed to the previous — they neighbour
with sor waters, (at Baikal shore low landforms
developed), whereas depression bottom is mar-
shy and presently fixed by vegetation.

otk
W

Phot. 3. Fragment of high dune relief in the neighbourhood
of the site 1 (compare with fig. 5). At the foreground wide-
spread, boggy deflation basin, at the back — blown high (up
to 6 m) dune landforms (phot. by Yu. B. Trzhcinski)

Fot. 3. Fragment wysokiej rzezby wydmowej w sasiedztwie
stanowiska 1 (por. rys. 5). Na pierwszym planie rozlegtla,
zabagniona niecka deflacyjna, z tylu — rozwiane wysokie
(do 6 m) formy wydmowe (fot. Ju. B. Trzcinskij)
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Photo 4. Blown high dune in the neighbourhood of site 1 —
compare with fig. 5 (phot. by T. Szczypek)

Fot. 4. Rozwiewana wydma wysoka w sasiedztwie stano-
wiska 1 —por. rys. 5 (fot. T. Szczypek)

GRAIN SIZE DISTRIBUTION OF DEPOSITS
Substratum sands

Sands of substratum deposits on the Yarki Island
contain 1,5% of coarse-grained material (>0,5
mm of diameter) and 0,1% — of dusty particles of
diameter of <0,1 mm. Medium-grained material
(0,25-0,5 mm) decidedly predominates in them,
its content amounts as much as to 94,3%. In con-
nection with it the value of mean grain diameter
Mz = 0,361 mm, and sorting degree ¢ = 0,27
(fig. 5—-S 1-3).

In substratum sands in control site (4) there is
1,3% of coarse material and 0,2% of dusty par-
ticles. In them also distinct predomination of ave-
rage grains is visible, which content reaches
67,0%. Value of Mz = 0,285 mm, value of ¢ =
0,39 (fig. 5 —S4).

Aeolian sands

Drift sands on Yarki Island contain from 5,9 up
to 13,5% of coarse grains (on average 11,0%)
and from 0,1 up to 0,2% of dusty material (at
average 0,17%). Similarly to substratum, the me-
dium-grained deposits with contribution of 54,9—
70,7% clearly prevail in them (on average 62,5%).
Therefore the values of Mz fluctuate within the
range 0,321-0,339 mm (on average Mz = 0,328
mm), whereas the sorting degree of deposits are
determined by values of ¢ = 0,43—0,63 (on ave-
rage ¢ = 0,55; fig. 5 — E1-E3).

The content of coarse-grained sand in the
drift sands in the site 4 amounts to 0,8%, whereas
dusty material — 0,2%. The medium-grained ma-
terial predominates in the amount of 61,6%. The
value of Mz = 0,276 mm, whereas the value of
=0,38 (fig. 5 — E4).

DEGREE OF MECHANICAL ABRASION
OF DEPOSITS

Substratum sands

Results of analyses made by means of mechani-
cal method by Krycowski (1964) indicate, that in
substratum material on Yarki Island grains of o
type decidedly predominate, the content of them
reaches 76,6%, whereas there is 1,4% of grains



of y type. In connection with the above-mentio- (fig. 6 — S 1-3). According to the morphoscopic
ned the abrasion degree Wo has the value 686  method by CaiLLeux (1942) in these deposits

Ttz = 0,285 mm
o =058

80 1%

Tz = 0276 mm

40 14 =n3s E 4

Y
w5
N
=}

1 km
6804 %
Mz = 0364
40 o —aor 51-3
20 1
. 2

Fig. 5. Aeolian sands grain size distribution (E 1-3) of Yarki island against a background of substratum deposits (S 1-3) as well as

additional site 4 (E 4/S4):

1 — marshy deposits of Kichera-Angara Plain, 2 — sandy deposits of Yarki Island and adjoining areas
Rys. 5. Uziarnienie piaskow eolicznych (E 1-3) wyspy Jarki na tle utworéw podtoza (S 1-3) oraz na tle dodatkowego stanowiska 4

(E4/S4):

1 — bagienne utwory Rowniny Kiczery-Angary, 2 — utwory piaszczyste w. Jarki i terenow przylegtych

Wo =678

y=04%

B=254%

a=742%
|

g 8 g® 240 O 8 18 240
E 2 E1

Fig. 6. Degree of mechanical abrasion of quartz grains 1,0-0,8 mm of aeolian sands (E 1-3) of Yarki Island against a background of
substratum deposits (S 1-3) and additional site 4 (E 4/S4):
1 — marshy deposits of Kichera-Angara Plain, 2 — sandy deposits of Yarki Island and adjoining areas
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Rys. 6. Stopien mechanicznej obrobki ziaren kwarcu 1,0-0,8 mm piaskow eolicznych (E 1-3) w. Jarki na tle utworéow podtoza (S 1—
3) oraz na tle dodatkowego stanowiska 4 (E 4/S4); 1 — bagienne utwory Réwniny Kiczery-Angary, 2 — utwory piaszczyste w. Jarki i
terendw przyleglych

grains of EM type predominate (95,3%), and RM
grains is only 0,8%.

In the site 4 in substratum sands the largest
amount is also typical for grains of a type — 80,0%,
whereas y grains are not present at all. The value
of abrasion coefficient Wo amounts to 593 (fig. 6
— S 4). According to morphoscopic method gra-
ins of EM type decidedly prevail (98,5%) and the-
re is also the lack of grains of RM type.

Aeolian sands

In drift sands of Yarki Island the contribution of
grains of a type fluctuates within the range 74,2—
84,3% (on average — 78,6%), and y grains — wi-
thin the range 0,4-0,9% (on average — 0,6%). The
value of abrasion coefficient Wo amounts to from
562 to 678, what gives the average value — 626
(fig. 6 — E1-E3). According to morphoscopic me-
thod EM grains make 96,0-98,2% (on average
96,7%), whereas grains of RM type occur in the
amount of 0,6—1,3% (on average 0,97%).

In control site 4 a grains make 81,6% of sand
mass, whereas the lack of grains of y type is no-
ted. The value of Wo reaches 631(fig. 6 — E4). Ac-
cording to morphoscopic method there is 97,0%
grains of EM type here, and RM grains — 0,0%.

AEOLIAN SANDS AGAINST
A BACKGROUND OF SUBSTRATUM
DEPOSITS

Influence of winds (NE as well as SW) on the un-
covered lacustrine deposits on the Yarki Island
caused the removing of the finest particles from
them and leaving them in the water. The effect
of it is the decidedly larger content of coarse-
grained material in aeolian sands in comparison
to the initial deposits. Despite of it, considering the
larger amount of fine-grained material (0,1-0,25
mm), aeolian sands (13,2%) are in general finer
in comparison to the source deposits (3,9%) and
— simultaneously — slightly weaker sorted. The
same statement refers to the control site (4), in
which the given fine-granularity of blown sands
is slightly less noticeable in relation to substratum,
whereas it is very visible in relation to acolian
sands from the island (because substratum sands
are here also clearly finer than in the island).
Aeolian sands and substratum deposits of the
analysed area are characterised by low degree of
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mechanical abrasion, and in the case of aeolian
sands it is possible to state, that they do not have
almost any signs of disturbing wind influence. It
is confirmed by simply symbolic content of gra-
ins of y and RM type, as well as above-quoted va-
lues of Wo, which in the majority are lower that
for parent material: there is more o grains in
aeolian sands than in the substratum; it can be —
as among others Nowaczvk (1986) considers —
the result of easier blowing of them from the sub-
stratum. On the other hand the increase in degree
of quartz grains abrasion of the discussed aeolian
sands is not favoured by very small width of the
island, the former as well as the contemporary
(although it was some times larger).

So the clear proofs of wind influence on san-
dy substratum of Yarki Island and its neighbour-
hood are landforms shaped by this morphogene-
tic factor and also a certain change in granulome-
tric composition of deposits.
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