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The Vyazivok loess sequence from the Dnieper Plain, Ukraine,
documents regional environmental changes during the late Pleis-
tocene and Holocene. Pedological and palynological analyses and
low-field magnetic susceptibility document changes from dense
temperate forest during the last interglacial maximum to open,
harsh, loess—steppe during the latest Pleistocene. The Vyazivok sec-
tion overlies hillwash derived from a lower Pleistocene terrace and
consists of two stratified soil complexes (Kaydaky and Pryluky;
marine isotope stage [MIS] 5 equivalent) separated by a layer of eo-
lian dust (Tyasmyn silt). The lower soils in both complexes formed
within forest. These soils are overlain by the Uday (MIS4) and
Bug (MIS2) loess units, which are separated by boreal soils of the
Vytachiv (MIS3) complex. The coldest conditions within the record
occurred in the youngest loess. Holocene soils cap the Bug loess. The
Vyazivok section shows remarkable similarities with other classi-
cal loess sequences in western Europe, the Czech Republic, and
Austria. The Kaydaky, Pryluky, and Vytachiv deposits, correlate
with the PKIII, PKII, and PKI soil complexes, respectively, of the
Czech Republic. The Tyasmyn and Prylyky silt layers correspond
to marker horizons from central Europe.  © 2001 University of Washington.

Key Words: loess; Ukraine; pedology; pollen; magnetic suscepti-
bility; last climatic cycle; upper Pleistocene.

INTRODUCTION

Pleistocene terrace found near the town of Lubny along the St
River (Fig. 1). Itis one of the mostimportant late Quaternary site
found in previously glaciated areas of Ukraine (Veklitch, 1968
Veklitch et al, 1984). The regional Pleistocene stratigraphy ha
been defined through multidisciplinary studies, including re
search in pedostratigraphy, pedology, mineralogy, palynolog
and malacology (Veklitch, 1993). Building on previous work, we
analyzed high-resolution changes in the low-field magnetic su
ceptibility, pedology, lithology, and pollen content of these lat
Pleistocene deposits to compare the Vyazivok stratigraphy wi
better known loess sequences of western and central Europe

MATERIAL AND METHODS

After a careful cleaning of the section, we measured the lov
field magnetic susceptibility (Fig. 2), using a portable MFZ
Bartington susceptibility meter. Measurements were first take
in 1995 (Kukla) and again in 1998 (Rousseau). Both times w
averaged 10 independent readings located along the beddi
Measurements were vertically displaced by 10 cm, althoug
readings were closer near the soil boundaries. Both sets of m¢
surements were nearly identical-£ 0.916), so only the most
recent ones are presented.

We took new samples for pedological and palynological ana
yses from the base of the sequence (the Kaydaky-Pryluky soi
to refine earlier results of Veklitcht al. (1967, 1984). Pollen

The rich loess records (Krokos, 1932; Veklitch, 1968, 1978amples were prepared using 10% HCI, cold 40% HF, and 20
1982, 1993; Velichko, 1973; Matviishina, 1982; ShelkoplyakOH. Disaggregation in a N&,0; solution and separation
et al, 1986; Sirenko and Turlo, 1986; Gerasimenko, 1988aljith Kdl, and Kl (specific gravity of 2.2) followed. Two hun-
from the Dnieper Plain, Ukraine, located in the central part dred pollen grains were counted in most of the sample
the Eurasian loess belt, provide key information for the conMthough shells had been described in the previous wor
parison of European loess stratigraphies. The Vyazivok séWeklitch et al, 1967, 1984), none were recovered in the sieve
tion (Ukrainian spelling, 49198N, 32°58.8'E) overlies a lower materials {10 kg taken every 10 cm). A series of undisturbec
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FIG. L.

Map showing the localities discussed in the text.
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Table 1). We did not find either the Prychornomorsky loess c
the Dofinivka soil (Veklitch, 1993). The Vyazivok soil-loess se-
guence rests on a sandy loam that contains redeposited err:
gravel. These deposits fill a gully that was cut by glacial outwas
into a till plain formed by the Dnieper glacier. This ice advance
correlates with the European Saale glaciation (Veklitch, 196¢
Veklitch et al,, 1984) and is believed to correspond to marine
isotope stage (MIS) 6. The Vyazivok sequence includes the fc
lowing units (Fig. 2).

The Kaydaky soil complex (kd; 9.8 to 8.7 m depth) is a gra)
forest soil (luvisol). The first subunit (kg 1.6 m thick) con-
sists of a reddish-brown Btf, a dark brown Bth, and a transition:
Al-Bt horizon. A thin, light-colored silt band (ts) with carbon-
ate nodules and impregnation separateg km the Pryluky
complex. Although not presentin the studied sequence, Kayda
deposits seen elsewhere at Vyazivok also include a whitish A
horizon in the forest soil (kg) and a meadow-chernozem soil
or mollisol (kd,y).

The Pryluky soil complex (pl; 8.7 to 6.1 m depth) is repre-
sented by three subunits. The lower ong)(jd a weakly devel-
oped meadow soil (mollisol, 0.4 m thick). Ak a 0.7-m-thick

blocks were removed from the soil and loam horizons, ardmtown forest soil (luvisol) with a compact prismatic structure
micromorphological slides, were prepared following Kubien@ horizon) overlain by a humic chernozem. The uppermo:s
(1956). A standard slide was checked using the interference dalrer (pk; 1.4 m thick) includes a brown compact B-horizon

ors of quartz minerals.

Pedostratigraphy

RESULTS

with a prismatic structure and a thin humus-rich A1 horizon
The Pryluky silt (Pb—) which separates pfrom pl, is a newly
described horizon. It is a ca. 10-cm-thick, light-colored, fine
silt band impregnated with carbonate that shows no signs
pedogenes.

The Uday loess unit (ud; 6.1t0 5.0 m depth) is alight yellowist

Following the same criteria as Veklitat al. (1967, 1984), brown, clayey silt with occasional manganese hydroxides ar
who previously defined the main stratigraphic units, we idegarbonate impregnations. An embryonic, slightly darker soil he
tified, characterized, and named several new subunits (Fig.b2en identified midway through the unit.
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Late Pleistocene and Holocene stratigraphy, soil sequence, and low-field magnetic susceptibility from the Vyazivok loess sequence. Soil co

include materials from the initial, optimal, and final phases of pedogenesis. These soils are differentiated by indices with the basal hotembbyridi¢dhe
next by “b,” etc. “B” soils are usually strongly expressed and correspond to the relative climatic optimum. Soils of initial and final phases “aStaod &jns
of development under cooler climates.



LATE PLEISTOCENE LOESS, UKRAINE 351

TABLE 1
Quaternary Deposits for the Loess Region of the Dnieper Glaciation (Modified from Veklitch, 1993)

Average
Stratigraphy Index  Thickness (m) Lithology
H
Holocene hl Gray forest soils, chernozems, meadow, swamp soils
L.P.
Prychernomorsky loess pr 0.3-2.0 Loess, loess-like loam, sandy loam, sand, cryoturbation features
Dofinivka soil complex df 0.3-15 Weakly developed, chernozem-like, turf or brown soils
Bug loess bg 1.0-15.0 Loess, loess-like loam, sandy loam with embryonic soils, cryoturbation features
Vytachiv soil complex vt 0.4-2.5 Boreal brown and dark-brown soils, occasionally with thin layers of silty loess
Uday loess ud 0.5-3.0 Loess and loess-like loam, cryoturbation features
Pryluky soil complex pl 0.5-2.5 Boreal brown soilg:{pleached chernozemsyp), brown and gray forest soilsgp
Tyasmyn loess ts 0.2-1.0 Loess, loess-like loam, cryoturbation features
M. 1.
Kaydaky soil complex kd 0.5-2.5 Boreal brown soils (kdc), leached chernozegg, (chy and ligh-gray forest soils
(kdp1), hydromorphous soils (ki
M. P.
Dnieper loess and till dn 2.0-30.0 Till, glaciofluvial sand and loam, loess with embryonic soils, cryoturbation feature

Note.l H = Holocene, L. P= Late Pleistocene, M. & Mikulino Interglaciation, M P. = Middle Pleistocene

The Vytachiv soil complex (vt; 5.0 to 3.0 m depth) is comyields the lowest values~6 x 108 m®kg~1). The Holocene
posed of two weakly developed, partly decalcified soils (camgoil shows an increasing trend fromil x 10-8 m® kg™ at the
bisols), vb1 and vt,. Both soils include Al and B horizonsbase to~32 x 108 m*kg ™ in the uppermost layer. The latter

and are separated by a well-defined light-colored loess-like sififlue approximates the MS of the Kaydaky and Pryluky soi
loam (vi2-) that is 0.4 m thick. complexes.

The Bug loess (bg; 3.0 to 1.2 m depth) is a homogenous, light
yellowish-brown silt with carbonate rootcasts of Poaceae. Its
upper part also contains abundant carbonate concretions. Pedology
The Holocene soil complex (h1) spans the upper 1.2 m of theThe micromorphology of k¢l of the Kaydaky complex in-
section. Itis a gray forest soil (alfisol, luvisol) with a brown Bticates the horizon is poor in clay and humus, has a laminat
horizon capped by a dark-gray humic A1 horizon. structure within the eluvial A2 horizon, and contains numer
ous cutans of optically oriented clays in the illuvial B horizon.
Small particles of rough, clayey humus are visible in the cutan
The kd,; paleosols are comparable to the “parabraunerdes” |
Variations in low-field magnetic susceptibility (MS) relatevestern Europe.
to the soil stratigraphy (Fig. 2). The basal Dnieper unit shows Small clayey accumulations and thin cutans of optically ori
MS of ~10 x 108 m®kg~*. Readings in the Bt horizon of theented clays and mottled gleys in the B horizon characterize tt
Kaydaky complex increase to 48108 mikg ! in kdp1, the plps Soil. As in kdys, indications of leaching are well developed.
highest values in the sequence. A sharp decrease occurs inTthe pl;, soil is a humic chernozem horizon with compact mi-
Tyasmyn silt (ts) with MS less than 26108 m3kg?. croaggregates (2—3 orders) and partly coagulated plasma. T
The thin, humic B horizon (g) of the Pryluky complex pl. soil has gray-brownish, clay-humus plasma, loose microte;
records MS between 16 and 2810 8m3kg~1. These read- ture with compact microaggregates (2—4 orders) and strong
ings are greater than those from the silt layers but less than frdeveloped pores. Accumulation of clay and humic matter ar
the B and Bt horizons higher in the sequence. Pryluky subusigns of leaching were observed. Thin carbonate accumul
plp, with values of~36 x 108 m® kg~ does not differ signifi- tions around pores, carbonate microconcretions, and microcry
cantly from subunit k. Pryluky subunit p} displays a sharp talline calcite in the plasma characterize the Bt@rizon of
drop to~28 x 108 mkg L. The MS increases slightly abovepl..
the phbc silt, but decreases to 26 x 108 m3kgtinthelowest  The Uday loess has been partly alterred by pedogenic pr
B horizon. Values then increase 4040 x 108 m3kgt in the cesses of the overlying Vytachiv complex. The structure is re
upper B horizon. MS decreases+t®1 x 10 8mikg~ at the atively loose in the middle part of the loess. Dispersed forms
top of the Pryluky complex. microcrystalline calcite in the plasma share dominance with tf
MS of the Uday loess is low, especially in the upper uninineral skeleton.
(minimum of ~6 x 108 m3kg™! in the carbonate horizon). The micromorphology of the Vytachiv paleosols is unlike any
The Vytachivcomplex (range of 18to 20108 m® kg~!) shows of the modern soils in Ukraine. The upper part gfi\tonsists
lower values than in the two older soil complexes. Bug (bg) loes§ blocks and coagulated dark-brown microaggregates that ¢

Low-Field Magnetic Susceptibility
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occasionally compacted. Grains of efflorescent feldspar indicdyg arboreal pollen (AP). The AP percentages in the lower pa
corrosion andn situ weathering. Ooidic organic-clay nodulespf the subunit consist d?inus, Alnus, Betula, PiceandSalix.
which have a concentric structure, microcrystalline calcite, al@uercus, Ulmusand Corylus pollen appear in the upper part
lublinite in the carbonate horizon, indicate fluctuations in seaf the Btf horizon, andPinuspollen remains abundant. Percent-
sonal moisture supply. This soil is somewhat similar to weakbges of broad leaf taxa increase upward through the Bth horizc
developed, brown forest soils found today in Ukraine. Total AP and individual broad leaf taxa decrease in the Al-B
Compact blocks and clots of humus characterize the upgwrizon. In contrastAlnuspollen becomes prominent, and few
Vytachiv soil (vt). In the lower and middle parts of the profile,Piceagrains occur.
the clay—carbonate matter is concentrated in ooidic nodules. Th&lAP dominates the plassemblage, with an abundance of
plasma is not uniform in color and is saturated with microcryf2oaceae, Plantaginaceae, and Compositae p&ileas, Alnus,
talline calcite. Quercus andTilia pollen comprise most of the AP. High AP
The micromorphology of the Bug unit is typical of loesspercentages (59-63%) and a great diversity of tree types (9-
The mass is loose, with numerous grains of gil={0.02 to taxa includingTilia, Quercus and Carpinug occur in the B
0.07 mm) that are surrounded by carbonate—clay films. The pti@izon of ph. However, these numbers are less than thos
network is well developed, the plasma is coagulated, and mécorded in kg;. The Alhorizon of p} also is dominated by NAP
crocrystalline calcite concentrations are abundant. Concentrith AP consisting primarily ofPinus Contrary to the ts silt,
microortsteins and manganese hydroxide segregation were paHen is relatively abundant in unitypk. Asteraceae, Cichori-
served above the boundary with the Vytachiv paleosol. aceae, and Poaceae pollen are prominent. AP is low and incluc
Holocene soils have been artificially disturbed by agriculturenly Pinuspollen. AP percentages increase in the middle pol
They show several interlayers of light-colored silt indicative dfon of pl., corresponding to a peak Rinuspollen. Broadleaf
intermittent sediment accretion. taxa are rareBetulapollen, although occurring in moderate per-
centages, becomes a more significant component of the asse
blage. NAP prevails at the base and the top ef Phe highest
and lowest percentages Aftemisiaand spores, respectively,
Pollen analyses were done for the Kaydaky, Pryluky, amafharacterize the base of the soil. At the top of the subunit, mes
lower Uday units (Fig. 3). The Tyasmyn silt was palynologicallphytic herbs dominate, especially Asteraceae, Cichoriaceae, e
sterile. The pollen data from the Vytachiv, Bug, and Holocerfdantaginaceadrtemisiaand Poaceae pollen display moderate
units are from Veklitcret al. (1967). Subunit kg is dominated values.

Palynology
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FIG. 3. Pollen diagram of the Kaydaky and Pryluky units of the Vyazivok section. All herbaceous pollen taxa with the excepiibredfa Typhaceae,
Poaceae, Cyperacea@atemisia and Chenopodiaceae are summed in the mesophytic herbs curve. Pollen and spores were taken as a total sum (100%),
grains per level were typically counted. See Figure 2 for key to stratigraphic units and soils.
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The Uday loess has been studied by both Vekliticil. (1967, TABLE 2
upper unit, data not shown) and ourselves (lower unit, Fig. 3). Select Ages from Dolni Vestonice
Percentages of xeric herbs (e.g., Chenopodiackdemisig
and Poaceae pollen peak in the upper part of the deposit althodgl Key*  Age (“CyrB.P)  Method References

the pollen counts are low. The lowermost (6.0-6.1 m) layer of

. - 29,000+ 200 14C charcoal  Klimeet al. (1962
the loess contains sufficient numbers of pollen and spores for (1962)

) ; ) 28,300+ 300  4C soil Klimaet al. (1962)

interpretation and shows a higher percentage of AP and spores; ~ 34,000 14¢ |oess Klimaet al. (1962)

than the upper Uday loesBinuswith lesser amounts dflnus D3 >51, 800 14¢ soil Klimaet al. (1962)

andBetulapollen represent the arboreal elements. 51100+ 1400  TLandIRSL Musson and Wintle (1994)
In the lower soil of the Vytachiv complex, AP dominates and P4 60800£8000  TLandIRSL Frecheetal.(1999)

shows an increasing trend from the bottom to the top of the soil 81,300+ 7100 TLandIRSL  Frecheet al.(1999)

: gtre _ ¢ top D5 69800+ 8000 TLand IRSL fler et al. (1994)
(Vek'ltCh et al, 1967).P|nus, Picea, COfy'US, SaliandAlnus 63,700+ 1500 TLand IRSL Musson and Wintle (1994)
pollen dominate inthe B horizon, aqiiercusandUlmuspollen D6 75300+ 11,600 TLand IRSL Frecheat al.(1999)
characterize the A horizon. Pollen of Poaceae, mesophytic herbs 61,900 £5400  TL and IRSL Frecheet al. (1999)

(e.g., Fabaceae, Rosaceae, Cyperaceae), Chenopodiaceae, anf >50,000 C soil Klimaet al. (1962)
Artemisiaare present. A decrease in AP characterizgs-ut 74,200£3300  TLandIRSL Musson and Wintle (1994)
present. 65-N D8 84900+ 600  TLand IRSL Musson and Wintle (1994)
The second soil 'y’ includes moderate po_lllen frequencies of pg 116600+ 11,300 TLand IRSL Frecheet al. (1999)
broadleaf trees (e.gQuercus, UlmusandTilia), but the AP 1329004+ 11,500 TLand IRSL Frecheat al. (1999)

percentages are lower than in the basal unit.
The Bug loess is extremely poor in pollen. Only a few grains
of Chenopodiaceadyrtemisia and Poaceae were observed. It a|, 2000). Radiocarbon dates from the top of the Bug loes
contrastPinus, Quercus, Ulmus, CarpinuandCorylusdomi-  range from 10,000 to 14,006C yr B.P. (Veklitch, 1993). These
nate the Holocene pollen assemblage of the B horizon (Veklitghtes however, may be too young, because data from ott
etal, 1967). The pollen spectrum from the base of the UnitShO%ropean loess sequences show that loess sedimentation t
small number of AP, limited principally tBinusandQuercus cally stopped at-15, 00024C yr B.P. (cf. Rousseaet al, 1998D;
Antoineet al, 1999, 2001). Thermoluminescence ages from th
CHRONOLOGY Uday loess range from 60,000 to 70,000 yr (Shelkopbtaa.,
1986).

The chronology of the Vyazivok sequence has been deﬁnedA major change in sedimentology occurs at the Pryluky-Uda

by p_revion_Js studies. Ami_no-_acid ratios of mollusk shells founlSloundary, with soils prevailing beneath this boundary and m:
within Dnieper deposits indicate they are of MIS6 age (OCh?ér loess deposits occurring above it. This shift is contempor:

neous with the MIS5/MIS4 transition, approximately 70,000 tc
Glacial ntergiacia 75,000 yr ago (Kukla and Briskin, 1983; Martinsetal,, 1987).
A similar boundary has been documented in the loess sequen

aSee Fig. 5.

]
|

forest

Depth Stratigraphy Soils gk g 5 g ] fi of western (Antoineet al, 2000, 2001) and central Europe
(m) 5:FEz133s5 (RousseauandKukla, 2000; Rousseaal, 1998a). Thus, we
0 T— F 7 ! i infer that the Pryluky-Kaydaky sqil complexes f(_)rmed during

E {nl) bty E MIS5, whereas the Uday, Vytachiv, and Bug units correspon
2 i to MIS4, MIS3, and MIS2, respectively (Fig. 4).
3 {bg) b9
] v (CUOT] e ‘ INTERPRETATIONS
4 o complex ‘I'IA‘I"HIIHH'.[_ - . . i
3 M) ! Paleoenvironments of the Vyazivok Region
3 |2 [ UdayL . L .
6 118 a(yudsess The data from the Vyazivok section indicate the following late
k5 m]'gl';vx e T 1 Pleistocene environmental changes (Fig. 4). The earliest recc
E {l) R : of interglacial vegetation documents the presencdiolus
5 Tya;mygu;) TTT1] E:b ‘ { Betulaforest, with a minor component ¢icea Pinusforest,
oo TR e —— which included the occasional broadleaf tree, was establish
o ‘ (i';fiipe’ W‘} i I next. A succession of deciduous forests, includidbnus-
B S 453751 Quercus, Quercus-Corylus, Tilia-Quercusand Quercus-

Carpinusthen occupied the landscapgtinus-Picea-broadleaf

FIG. 4. Correlation of the late Pleistocene Vyazivok sequence, the it din th by late Kavdaky ti Th
Vestonice (Czech Republic) loess section, and marine isotope stages. Ages(E)qr—‘nmunl Ies occurred In the aréa by late Kaydaky umes. |

DY) are given in Table 2. The open arrows indicate the location of the marké@getational history is similar to that of the Mikulino interglacia-
horizons identified by Kukla (Kukla and Cilek, 1996). tion, the eastern European equivalent of the Eemian (Grichu
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VYAZIVOK VESTONICE

Stratigraphy Depth Susceptibility Ages Depth Stratigraphy
Series  Units Lithology (m) (10-8m3kg1) (m) Lithology  Soils MIS Series
0,20, .30 40030 o 19 20 30, 00
T ° r 0 [IOIIOT_PKa 1 Folocene ]
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FIG. 5. Stratigraphy, soils, and paleoenvironments of the Vyazivok section. Environmental reconstructions are based on soil and pollen analys2s. S
for key to stratigraphic units and soils. See Table 2 for Dages.

1972). Comparable forest successions were described for gwrizon. The Al horizon was formed in steppe with small grove
tions of the Kaydaky-Pryluky complexes (correlative to the MeazifiBetula The decrease of humus accumulation at the top0f p
complex in the Russian stratigraphy) in other sites of the middhaplies a decline in the herbaceous component of the vegetatic
Dnieper region (Gerasimenko, 1988b; Bolikhovskaya, 1995)he pollen data suggest a slight increasBiimuspopulations at
The presence o€arpinuspollen (upper levels only) and thethis time.
morphology of the kgh soil indicate higher precipitation and a Sparse steppe occurred at the beginning of the Uday loess ¢
moister climate than the modern. probably during the formation of the embryonic soil. The dat:
The Vyazivok Tyasmyn layer, with its low magnetic susimply that the climate was wetter than during the second half ¢
ceptibility and lack of pollen, is similar to Czech marker horithe Uday unit, when a cold semidesert was present.
zons believed to be deposited by continental dust storms. PolleThe most significant climatic change in the Vyazivok sectiot
data of Tyasmyn deposits from other sections in the middierecorded in the Vytachiv complex. OpPinusforest, which
Dnieper region indicate cold, sparse steppe (Sirenko and Tuilegluded a few broadleaf trees, established during tines.
1986). The boreal forest was replaced by sparse steppe as indicatec
Steppe was present during the initial stages of the Prylultye loess-like loam of yg—. The presence of a more productive
complex but was replaced by a deciduous forest, as indicafedest—steppe mosaic is indicated by the upper soil of the vt
by the high pollen percentages of broadleaf taxa. A tempera@mplex. Broadleaf trees perhaps increased on the landsca
climate predominated during the formation of the B horizobut Pinuslikely remained the most common tree.
in plp. A decrease in the percentages of deciduous taxa at thé\ dramatic environmental change occurred with the depos
Al horizon possibly indicates a cooling and return to steppttn of the Bug loess. Compared with the Uday loess, data fro
vegetation. The general decrease in AP suggests increased ahid-younger loess unit indicate a harsher, more continental ¢
ity, an interpretation supported by the pedological data. The dnate and the coldest conditions within the section. The Bug r
episode is particularly marked in thesppl, transition, which constructions agree with other interpretations of the last glaci
consists of silt deposited in an open grassland. Dry climatgaximum Frenzel, 1964; Lozek, 1969; Rousseau, 1987, 196
continued during pltimes as suggested by increased percerRousseatet al, 1998b; Antoineet al,, 1999). The Holocene
ages of Poaceagrtemisiapollen. A spread dPinushoreal fores soil indicates a return to a temperate climate, with a shift fror
is associated with the middle part of the B horizon, whereassparse herb-dominated vegetation to boreal forest and finally
strong reduction in forest is recorded in the upper part of thésdeciduous forest witQuercus, Ulmus, CarpinyandCorylus
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Comparison with Other European Records Thanks to Sergei Ganaga, Victor Serben, and Andrei Kasyanenko for their ass

. . . .. tanceinthefield. Thanks also to William McCoy and an anonymous reviewer f
Paleoenvironmental data from the Vyazivok site are simil@efu comments that improved the manuscript and to Joyce Gavin and Patri

to those of other late Pleistocene deposits preserved elsewheikigrson for editorial help. This is Institut des Sciences de I'Evolution de Mont
in Europe (Antoineet al, 1999; Rousseaet al., 1998b; Kukla pellier contribution ISEM 2000-113 and the Lamont-Doherty Earth Observator
and Cilek, 1996). of Columbia University contribution 6129.
The MS and radiometric dates particularly indicate that the
stratigraphy and chronology of the Vyazivok section closely re-
sembles the classical sequence from Vestonice (Unter REFERENCES
Wisternitz) in the Czech Republic and from Stillfried in , )
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