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The Kostenki–Borshchevo localities include 26 Upper Paleolithic sites on the first and second terraces along the west bank of the Don River, near Voronezh on the central East
European Plain. Geoarchaeological research from 2001 through 2004 focused on sites
Kostenki 1, 12, and 14, with additional work at Kostenki 11 and 16, and Borshchevo 5. The
strata are grouped into three units (bottom up): Unit 1, 50 ka, consists of coarse alluvium
(representing upper terrace 2 deposits) and colluvium, overlain by fine-grained sediments.
Unit 2 includes archaeological horizons sealed within two sets of thin lenses of silt, carbonate, chalk fragments, and organic-rich soils (termed the Lower Humic Bed and Upper
Humic Bed) dating 50–30 ka. Separating the humic beds is a volcanic ash lens identified as
the Campanian Ignimbrite Y5 tephra, dated elsewhere by Ar/Ar to ca. 40 ka. The humic
beds appear to result from the complex interplay of soil formation, spring deposition, slope
action, and other processes. Several horizons buried in the lower part of Unit 2 contain
Upper Paleolithic assemblages. The springs and seeps, which are still present in the area
today, emanated from the bedrock valley wall. Their presence may account for the unusually high concentration of Upper Paleolithic sites in this part of the central East European
Plain. Unit 3, 30 ka, contains redeposited loess with a buried soil (Gmelin Soil) overlain
by a primary full-glacial loess with an associated Chernozem (Mollisol), forming the surface
of the second terrace. © 2007 Wiley Periodicals, Inc.
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INTRODUCTION
The Kostenki–Borshchevo localities contain an array of Paleolithic open-air sites
in a well-stratified context. The relative uniformity of the stratigraphy among these
sites has long been recognized by field investigators working in the area (e.g., Lazukov,
1957; Velichko, 1961; Grishchenko, 1976; Sinitsyn et al., 1997; Kholmovoi and Nesterova,
2001), and has been a primary means of correlating the many occupation sequences
(e.g., Praslov and Rogachev, 1982). Prior to the development of numerical dating
methods, stratigraphy was the only means of establishing the relative chronology
(Rogachev, 1957). This study builds on the stratigraphic record established by others
and provides new data and interpretations regarding the geochronology, geomorphic
evolution, and site-formation processes at the Kostenki–Borshchevo localities.
The study of the Kostenki–Borshchevo sites had a significant impact on Paleolithic
archaeology in Eastern Europe (Klein, 1969:26–31; Hoffecker, 2002:148–151). The
initial discovery of stone artifacts and mammoth bones at Kostenki 1 in 1879 helped
document the presence of Paleolithic people in Russia, and since that time, many
prominent Soviet and Russian archaeologists have worked at these sites (Praslov,
1982). Much of the investigation prior to World War II was focused on the spectacular feature complex and associated remains in the uppermost layer at Kostenki 1
(Efimenko, 1958). The emphasis on broad horizontal excavations and mapping of former dwellings and other features (termed the “Kostenki School”) promoted the analysis of Paleolithic social and economic patterns many years before this became a
focus of research in Western Europe. After World War II, A. N. Rogachev and colleagues expanded the study of earlier Upper Paleolithic remains and their stratigraphic context (Rogachev, 1957), and in recent years, it has become clear that the
primary importance of the Kostenki sites lies in their early Upper Paleolithic record
(Sinitsyn, 2002; Anikovich, 2003).
Despite the many decades of archaeological and geologic research in the
Kostenki–Borshchevo area, relatively little research has systematically focused on
site microstratigraphy, site chronology, and site-formation processes at more than one
or two localities. Our approach was to investigate as many localities as possible,
integrate our investigations with excavations over several field seasons, and bring
together a variety of methods to understanding site stratigraphy, sedimentology, and
chronology. The fieldwork reported here was carried out in 2001–2004. Most of the
work focused on Kostenki 1 (K1), Kostenki 12 (K12), and Kostenki 14 (K14). Limited
field examinations were also carried out at Kostenki 11 (K11), Kostenki 16 (K16), and
Borshchevo 5 (B5).
GEOLOGIC SETTING AND ARCHAEOLOGICAL SEQUENCE
The Kostenki–Borshchevo sites are located on the west bank of the Don River
roughly 40 km southwest of the city of Voronezh (Figure 1). In this region, the Don
flows along the eastern margin of the Central Russian Upland, which is primarily
composed of Cretaceous limestone and rests up to 100 m above the modern river
level. Below the limestone is Cretaceous sand (Figure 2). Capping the limestone is
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Figure 1. Location map of Kostenki in Eastern Europe.

middle Pleistocene till. A thick soil (Mezin Soil Complex) correlated to the Last
Interglacial (correlated with Marine Isotope Stage 5 [MIS 5]) formed in the till
(Lazukov, 1957; Velichko, 1961:197–209). Above the soil complex are loess deposits
dating to the Last Glacial (MIS 4-2) that contain weakly developed buried soils and
a lens of volcanic ash (Lazukov, 1982:19–20). The ash is probably the same tephra horizon found in deposits that overlie alluvium of the second terrace.
The Paleolithic sites are found in fill of the first and second terraces of the Don
River. The terraces are preserved along the main valley and extend up several large
ravines incised into the high west bank of the valley. Many of the Kostenki sites are
found along Pokrovskii Ravine, one of the largest of the several ravines in the area
(Figures 3–5). Other sites are situated in the main valley or in the smaller side valleys (Figure 3). The Borshchevo localities are along the main valley and adjacent to
a large ravine on the south side of the village of Borshchevo (Figure 3).
The second terrace (15–20 m above the Don floodplain) comprises loess and colluvium overlying mainstream alluvium (Figure 2). The alluvium is composed of
coarse sand with gravels and cobbles that fine upward into medium and fine sand
DOI: 10.1002/GEA GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 22, NO. 2
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Figure 2. Generalized geologic cross section of the west bank of the Don Valley in the Kostenki–
Borshchevo area illustrating the bedrock, upland, and valley fill stratigraphy. Stratigraphic Units 1, 2, and
3 contain the Upper Paleolithic occupations at most sites on terrace 2. (Based on Lazukov, 1982, Fig. 4)

with chalk gravel (Velichko, 1961:201–212; Lazukov, 1957, 1982:21). Alluvial silts and
clays with weakly expressed buried soils are now also recognized (discussed below).
Several geologists have identified two phases of alluvial deposition at the base of the
second terrace (Lazukov, 1982:21). The uppermost alluvium is interstratified with
coarse slope deposits derived from bedrock on the adjacent uplands. A complex
sequence of alluvial, colluvial, and aeolian units is at the top of the second terrace
alluvium. These younger deposits atop the mainstream alluvium contain a lengthy
succession of Upper Paleolithic occupations that date from older than 40,000 to
roughly 25,000 calibrated years ago (40 cal ka to ~25 cal ka) or younger (Sinitsyn
et al., 1997:47–52) and represent the focus of the current research and this article.
Sixteen of the Kostenki–Borshchevo sites with Upper Paleolithic horizons are
located on the second terrace (K1, 2, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, and
B5; Figures 3–5). Some likely represent locales within a larger site complex (e.g.,
K8 and 9, K10 and 11). The occupation zones at these sites are sealed within two
sets of thin lenses of silt, carbonate, chalk fragments, and organic-rich soils that date
between ~45 and ~30 cal ka. These two sets of sediment have long been referred to
as the Lower Humic Bed (LHB) and Upper Humic Bed (UHB), respectively (e.g.,
Velichko, 1961:204–210; Klein, 1969:41–43). The origins of the humic beds have been
the subject of debate (Sinitsyn, 1996:278–281), and are more fully described and
184
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Figure 3. The Don River Valley in the Kostenki–Borshchevo area showing the principal physiographic
features and the locations of the archaeological sites mentioned in the text. The areas labeled “Valley/ravine
walls” include exposures of loess, till, and bedrock along with deposits of colluvium. (Based on Lazukov,
1982, Plate I)

discussed below. Their genesis is a significant focus of the current research to better understand the formation processes that acted on the associated occupation
zones. Most of the early Upper Paleolithic occupation horizons are buried in primary context (i.e., not redeposited) and many include features as well as artifacts
(cf. Klein, 1969:75–108; Praslov and Rogachev, 1982) and associated vertebrate
remains (chiefly horse, wolf, and hare; Vereshchagin and Kuz’mina, 1977).
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Figure 4. View to the southeast down a side valley of Pokrovskii Ravine, looking across the mouth of the
ravine and the village of Kostenki to the second terrace with Kostenki 12. The floodplain of the Don River
is visible in the middle and left distance. Kostenki 1 is just out of view beyond the right side of the side
ravine (see Figures 3 and 5).

A layer of volcanic ash underlies the Upper Humic Bed at many of the Kostenki
sites on the second terrace (Figure 2). This ash horizon is also present elsewhere in
the region (Grishchenko 1976:190–198) and represents an important stratigraphic
marker horizon. It has recently been identified as the Y5 tephra from the Campanian
Ignimbrite eruption at Campi Flegrei in Italy, which is dated to 41–38.5 ka (Ton That
et al., 2001; Pyle et al., 2003; Giaccio et al., 2006). The Upper Paleolithic assemblages
that underlie the volcanic ash at Kostenki are as old as any currently dated in Europe,
although radiocarbon dates on earliest Upper Paleolithic occupations in many parts
of the continent significantly underestimate their true age. European Upper Paleolithic
assemblages of broadly comparable age (including those classified as ProtoAurignacian) are documented at several sites in Italy (e.g., Serino), where they also
underlie the Y5 tephra (Fedele et al., 2003).
Silty deposits described as loess-like loams and sandy loams (e.g., Lazukov,
1982:19–20) overlie the Upper Humic Bed on the second terrace (Figure 2), and are correlated with MIS 2 or the Late Pleniglacial. The lower part of the loam contains a buried
soil referred to as the Gmelin soil, which appears to date to an early phase of MIS 2.
The loam overlying the Gmelin Soil appears to represent both primary loess and
loessic slopewash deposited during a subsequent phase of the Late Pleniglacial
186
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Figure 5. View to the northeast from the uplands immediately west of (and above) K12 looking across
the mouth of Pokrovskii Ravine and the village of Kostenki illustrating the setting of K1 at the mouth
(and to the left) of a side ravine (see Figure 3). Kostenki 1 is not on the second terrace proper, which is
considerably higher in elevation. Note position of K13 on the second terrace for comparison of elevations. The floodplain and channel of the Don River is visible in the upper-right distance.

(~26–15 ka). The loam contains a sequence of middle and later Upper Paleolithic
occupation horizons (Sinitsyn et al., 1997:29–32). These include the large feature
complexes of Kostenki 1, Layer I (formerly described as “longhouse” structures)
dating to ~25 cal ka and assigned to the Eastern Gravettian industry, as well as the
complexes at Kostenki 11, Layer Ia. The complexes at Kostenki 11, Layer Ia are former dwelling structures composed of mammoth bones dating to 18–14 cal ka, sometimes classified as Epi-Gravettian (Efimenko, 1958; Praslov and Rogachev, 1982;
Sinitsyn et al., 1997:29–33). The modern Chernozem soil (or Mollisol in U.S. soil parlance) formed in the loam.
The fill beneath the first terrace (10–15 m above the Don floodplain) is composed
primarily of fine-grained alluvium deposited during the Late Pleniglacial (MIS 2; Figure
2). The alluvium below the first terrace is apparently inset against the second terrace,
though no exposures clearly show this relationship. The uppermost layers of the first
terrace are sandy alluvium, are mixed with loess (Lazukov, 1982:32–33), and contain
a weakly developed buried soil (Gmelin) dated to 28–26 cal ka (Praslov and Ivanova,
1982:198–200; Sinitsyn et al., 1997:25) (Figure 2). The surface soil formed in the loess,
as on the second terrace, is the modern Chernozem. All of the sites on the first terrace
(which include Kostenki 3, 4, 19, and 21 and Borshchevo 1–4) are associated with the
DOI: 10.1002/GEA GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 22, NO. 2
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buried soil or the younger loess deposits, and represent middle and late Upper
Paleolithic occupations (Praslov and Rogachev, 1982; Hoffecker, 2002:210).
The dating, archaeology, and soil-stratigraphic correlations of the loess on the first
terrace with the loess-like loam on the second terrace indicate that these deposits represent several drapes of sediment across the alluvial landscape (Figure 2). The older
layer of these sheet-like deposits is the parent material for the Gmelin soil. The soil itself
represents a period of stability prior to the cold maximum of the Late Pleniglacial.
The overlying loess was then deposited during late glacial time. The surface Chernozem
formed throughout the Holocene. The two layers of sediment draped across the two
terraces somewhat obscure the geomorphic expression of the terraces by creating an
almost unbroken surface sloping from the valley wall down toward the modern floodplain (Lazukov, 1982:15, Figure 4; Sinitsyn et al., 1997:25, Figure 1).
The defined cultural layers at the Kostenki–Borshchevo sites vary significantly with
respect to thickness, density of artifacts and faunal remains, and associated features
(cf. Klein, 1969; Praslov and Rogachev, 1982). Most of the cultural layers probably
represent multiple occupation episodes. For example, analysis of the large mammal
remains recovered in 2002–2003 from Cultural Layer III at Kostenki 12, which contains a low density of artifacts and features, suggests that at least two episodes of
occupation are represented in this level (Hoffecker et al., 2005; Anikovich et al.,
2004:27–32). In this case, occupation debris seems to have been buried by slopewash within a few years (based on the degree of subaerial bone weathering). Cultural
layers that contain large feature complexes and dense concentrations of artifacts
and faunal debris (e.g., Cultural Layer I at Kostenki 1) probably reflect repeated
occupations over a period of years (e.g., Klein, 1969:220–224). In a few cases, where
the layer is thin and contains few artifacts (e.g., Cultural Layer IVa at Kostenki 14),
a single event may be represented (Sinitsyn et al., 2004:52).
FIELD AND LABORATORY METHODS
Field investigations consisted of examination and sampling of exposures in archaeological excavation blocks along with local geomorphic reconnaissance. Laboratory
investigations complemented the field studies. The field work focused on exposures
provided by the archaeological excavations: K12 (2001–2004); K14 (2001–2004); K16
(2001, 2004); K1 (2004), and B5 (2003, 2004). Field descriptions followed standard soil
stratigraphic and geoarchaeologic nomenclature (Birkeland, 1999; Holliday, 2004).
One departure from standard horizon terminology was made for the humic beds. As
discussed below, they include fine bedded (and locally convoluted) lenses of silt,
loam, and primary carbonate (marl) along with lenses of in situ organic matter. Sets
of humic beds (e.g., the UHB and LHB, as noted below) or subsets are designated as
ACb horizons in the description tables.
Samples were collected for laboratory analyses, including thin-section study. Physical
and chemical characterization (following Singer and Janitzky, 1986), included particlesize analyses on an organic matter-free, carbonate-free basis by the pipet procedure
(with sieving for sands), organic carbon content by wet combustion (Walkley–Black
method), and calcium carbonate content by gasometry with a Chittick apparatus.
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For thin-section analysis, blocks of sediment were impregnated with a resin mixture at a commercial lab (Spectrum Petrographics; Vancouver, WA), and converted
to 75  50-mm thin sections (Murphy, 1986). The thin sections were analyzed under
plane polarized light (PPL), crossed polarized light (XPL), oblique incident light
(OIL) and using fluorescence microscopy (blue light; BL), at magnifications ranging
from 1 to 400. Thin sections were described (and counted) according to standard procedures (Bullock et al., 1985; Courty et al., 1989; Macphail and Cruise, 2001;
Stoops, 2003). Soil micromorphological interpretations were based on the identification of soil microfabric types and included natural and anthropogenic materials,
all of which were combined with the archaeological context information to produce
microfacies types (MTs; Table I) (Courty, 2001; Macphail and Cruise, 2001).
The numerical chronology of the Kostenki–Borshchevo sites was initially established using radiocarbon dating (Sinitsyn et al., 1997:24–33). Some additional radiocarbon ages from the sites were determined on charcoal and bone (cf. Sinitsyn and
Hoffecker, 2006). Given the inherent problems of bone as a dating medium, we have
placed greater emphasis on dates obtained on wood charcoal. All radiocarbon ages
are calibrated to calendar years (e.g., Bronk-Ramsey, 1995) following Fairbanks et
al., 2005 (see Table II).
As part of the current research project, infrared-stimulated luminescence dating
(OSL), paleomagnetic stratigraphy, and tephrochronology were also applied. Samples
for OSL dating were collected from K1, K12, and K14 (see Table III). The OSL methods are described in the Appendix. Samples for paleomagnetic analysis were collected at K12 in 2003; the methods and results are described in Pospelova (2005).
The volcanic tephra horizon found at many Kostenki localities also has been a
major tool for stratigraphic correlation and chronology. The ash deposit has long
been recognized in the area (e.g., Velichko, 1961:205). Geochemical analysis of the
ash indicates that it can be traced to one of the eruptions of the Campi Flegrei in
southern Italy (Melekestsev et al., 1984; Sinitsyn, 1996:279–280). Recently, it was
identified specifically as the Campanian Ignimbrite Y5 (CI Y5) tephra (Pyle et al.,
2003) dated by Ar/Ar to 41–38.5 ka (Ton-That et al., 2001; Fedele et al., 2003). A relatively unweathered sample of ash collected at B5 in 2004 revealed a close match with
CI Y5 samples from southern Italy (B. Giaccio, personal communication, 2005).
At some Kostenki sites, the horizon of ash is either wholly or partially absent or
at least not visible to the naked eye. For example, the ash has been reported at K1
and K12 but was not observed in the areas excavated during 2001–2004. To confirm
stratigraphic correlations, bulk sediment samples were collected from sediment
likely to contain traces of ash, and analyzed for presence or absence of glass shards
by B.J. Carter (Oklahoma State University). The sediment was subjected to a density separation in liquid of known density (to float and collect shards), and then the
shards were identified by petrographic microscope.
SITE STRATIGRAPHY AND GEOCHRONOLOGY
The stratigraphic sequence and dating at the six study sites is summarized in this
section. The focus is on K12 and K14 because most of the research during 2001–2004
DOI: 10.1002/GEA GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 22, NO. 2
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Gray calcareous bedded silt with thin layers of calcareous sediment aggregates and humic aggregates; common burrows and some
excrement; abundant coarse and fine wood charcoal.
Broadly bedded sediment receiving colluvium from calcareous, humic and very humic topsoils, some probably associated with
anthropogenic activity; mixed through colluviation and in situ burrowing.

Calcareous fine-grained silt with fine sand and relict? Biogenic calcite fragments, weakly humic, and very few chalk gravel.
Frequent land snails (mollusks), both whole and as fragments. Phytoliths present. Rare finely fragmented charcoal; several fine
bones; some very fine bone; coprolites; burned soil. Many root channels and calcitic hypocoatings in upper part; also, multiphase
burrowing and deposition of thin and broad excrements that can be weakly humic; calcareous inwash and rare iron staining; cool
climate fissuring?
Calcareous alluvial sediment seasonally (?) accreted (inwash) and affected by water table fluctuations and biological activity that
includes water-tolerant plants and burrowing mesofauna. Coprolites from mammals (minks and otters?). Possible traces of
human activity.

Unit 2, top
of upper
humic bed

Unit 2, upper
half of upper
humic bed

Highly calcareous silt with in situ calcite and chalk gravel that exhibits both aggregate formation and structural collapse, and some
syn-depositional biological burrowing by mesofauna, especially in lowermost, slightly more humic layer.
Broadly bedded marl formed through intermittent calcareous mud and silty (alluvium?) inwash, alongside occasional higher
energy chalk slurry deposition; indicative of freezing and thawing (aggregate formation) and local seasonal melt water (?)
flow (slurries).

Calcareous fine-grained silt, strongly worked by biological activity
Calcareous brown soil. Massive, once-bedded alluvial deposit, now totally homogenized by mesofauna.

Unit 3, lower
Gmelin soil

Unit 2, carbonate
lens (base of
lower half of
upper humic
bed)

Calcareous fine-grained silt, strongly worked by biological activity
Calcareous brown soil. Massive, once-bedded alluvial deposit, now partially homogenized by mesofauna, with much calcareous inwash.
Possible complex history of surface weathering and mixing by earthworms?

Descriptions and interpretations

Unit 3, upper
Gmelin Soil

Kostenki 12

Stratigraphic position

Table I. Micromorphological characteristics of samples from K11, K12, K14, and B5.a
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Highly calcareous silt with in situ calcite
Massive pond (?) marl showing biological working, and aggregate collapse and slurry formation.

Highly calcareous silt with in situ calcite
Massive pond (?) marl showing biological working, and minor aggregate collapse and slurry formation.

Calcareous silt loam (alluvium?), with inclusions of weathered chalk gravel (slope wash?). Moderately humic soil with high levels of
biological activity (roots and mesofauna). Likely cool conditions led to chalk fracturing and platy structure formation—which is
likely contemporary as fissures contain thin excrements.
Soil formed out of calcareous silty alluvium and local slope deposits, showing high biological activity that was seasonally (?) active
between effects of freeze–thaw.

Unit 1 (upper 1B)

Unit 1 (lower 1B)

Unit 1 (1A)

(continued)

Layers of silt interbedded with decalcified soil aggregate and both humic and nonhumic beds, exhibiting both biological and freeze–
thaw activity
Mainly waterlain alluvium with typical calcareous ‘alluvial’ sediment and partially decalcified soil aggregates as colluvium (eroded
from slopes?)

Unit 1 (1C)

Unit 2, base of
Gray calcareous silt, strongly humic, with in situ calcite;
lower humic bed Strongly burrowed series of calcareous marls and more mineralogenic alluvium, displaying weak structural collapse.
Seasonal (?) variations in sedimentation and biological activity/slaking of soil/sediment.

Unit 2, top of
As in upper upper humic bed, but more strongly humic; calcareous alluvial sediment with traces of mammal coprolites and subaerially
lower humic bed
weathered chalk clasts. Dark upper layer is locally organic-rich and appears to be depositional in origin then worked locally by
mesofauna and probably slightly later rooting.
Calcareous alluvial sediment seasonally (?) accreted with likely syn-depositional biological working. Major biological activity
(rooting and mesofauna); moderate calcareous cementation.

Unit 2, carbonate Highly calcareous silt with in situ calcite and burrowed microstructure
lens (base of
Porous, broadly bedded marl deposit, with high biological activity and later Fe/Mn staining
upper humic bed)

GEOARCHAEOLOGY OF THE KOSTENKI–BORSHCHEVO SITES
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Homogeneous calcareous silt with trace amounts of charcoal and coprolites
Sediment of aggregates and excrements; weak soil formation in sediment of colluvial/fluvial origin.

Calcareous silt loam (alluvium?), with inclusions of weathered chalk gravel (slope wash?). Moderately humic soil with high levels of
biological activity (roots and mesofauna).
Moderately humic soil with high levels of biological activity (roots and mesofauna). Worked by flora, fauna, and freeze–thaw. Scat
present as well as charcoal; anthropogenic activity?

Unit 2, soil Ab2

Unit 2, lower
humic bed, Ab3

a

Following terminology of Bullock et al. (1985) and Stoops (2003).

Unit 2, top of
Heterogeneous mix of gray, brown, and dark brown calcareous silt, and yellow brown nonhumic fine loam and coprolitic bone, rooting
upper humic bed Alluvial sediment strongly worked by biological activity; subsequent partial calcitic cementation.

Borschchevo 5

Finely bedded silts with weak biological reworking and coprolites
Fluvial/lake/pond deposits and ephemeral soil formation and interbedded layers of abundant volcanic glass shards/ash.

Unit 2, soil Ab1

Kostenki 14

Upper upper
humic bed

Highly humic, partially worked calcareous silt with bone, burned bone, and charcoal.
Mull topsoil partially homogenized with strong indications of anthropogenic activity. Decalcified, mature? grassland? soil? (hence lack
of landsnail mollusk remains)

Highly calcareous silt with in situ calcite and numerous mollusk shells
Broadly bedded marls and major calcareous inwash “cementing” biologically worked aggregates.

Unit 1 (lower 1A)

Kostenki 11

Highly calcareous silt with in situ calcite and numerous mollusk shells
Broadly bedded marls and major calcareous inwash “cementing” biologically worked aggregates

Descriptions and interpretations

Unit 1 (upper 1A)

Stratigraphic position

Table I. (Continued).
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Table II. Calibration of radiocarbon dates (on charcoal) from Kostenki (after Fairbanks et al., 2005).
Stratigraphy
Kostenki 1
CL I

CL III (soil b2)

CL V

Kostenki 12
CL Ia (UHB)

CL III (LHB)
Kostenki 14
CL II (UHB)

CL III (UHB)

CL in Ash
CL IVa

Soil b4 below IVa
CL IVb

Horizon of Hearths

Kostenki 17
CL I
CL II

14

C age

Lab no.a

Calibrated age

22,330  150
(GrN-17118)
26,808  175 cal yrs
23,600  410
(GrA-5244)
28,149  144 cal yrs
24,030  440
(GrA-5243)
28,619  516 cal yrs
20,900  1600
(GIN-4848)
25,026  1949 cal yrs
24,500  1300
(GIN-4850)
29,277  1540 cal yrs
25,400  400
(GIN-6248)
30,543  513 cal yrs
25,730  1800
(LE-3541)
30,599  1936 cal yrs
25,900  2200
(GIN-4849)
30,744  2356 cal yrs
25,820  400
(GrN-22276)
30,965  363 cal yrs
26,200  1500
(GIN-4885)
31,124  1554 cal yrs
32,600  400
(GrN-17117)
37,498  634 cal yrs
(outside calculation range)
38,080  5460
(AA-5590)b
- - - - - - - - - - - - - - - - - - - - - - - - - - Y5 tephra - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 30,170  570
(LE-3542)
35,194  530 cal yrs
32,300  220
(GrA-5557)
37,073  299 cal yrs
34,900  350
(GrA-5245)
40,380  542 cal yrs
37,900  2800
(GrA-5245)
(outside calculation range)
28,500  140
(GrA-5552)
33,136  171 cal yrs
32,700  700
(GrN-7758)
37,614  843 cal yrs
- - - - - - - - - - - - - - - - - - - - - - - - - - Y5 tephra - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 36,280  360
(GrA-5551)
41,535  225 cal yrs
26,700  190
(GrA-10945)
31,683  168 cal yrs
27,860  270
(GrA-13292)
32,615  229 cal yrs
29,240  330
(GrA-13312)
34,278  581 cal yrs
28,380  220
(GrN-12598)
33,044  240 cal yrs
28,370  140
(GrA-15960)
33,025  139 cal yrs
29,320  150
(GrA-15955)
34,420  435 cal yrs
30,080  590
(GrN-21802)
35,113  564 cal yrs
31,760  430
(GrA-13288)
36,700  390 cal yrs
32,420  440
(GrA-18053)
37,300  600 cal yrs
- - - - - - - - - - - - - - - - - - - - - - - - - - Y5 tephra - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 32,180  450
(GrA-13293)
37,062  513 cal yrs
33,280  650
(GrN-22277)
38,235  887 cal yrs
33,200  510
(GrA-13301)
38,125  741 cal yrs
(GrA-13297)
39,882  877 cal yrs
34,550  610
34,940  630
(GrA-13302)
40,366  801 cal yrs
36,040  250
(GrA-15957)
41,395  166 cal yrs
36,540  270
(GrA-15961)
41,689  181 cal yrs
35,330  240
(GrA-15958)
40,917  263 cal yrs
35,870  250
(GrA-15962)
41,293  170 cal yrs
36,010  250
(GrA-15965)
41,377  167 cal yrs
36,320  270
(GrA-15956)
41,560  174 cal yrs
37,240  430
(GrA-10948)
42,100  263 cal yrs
26,750  700
(GrN-10511)
31,721  582 cal yrs
- - - - - - - - - - - - - - - - - - - - - - - - - - Y5 tephra - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 32,200  2000
(GrN-10512)
37,213  2126 cal yrs
36,780  1700
(GrN-12596)
41,735  1380 cal yrs

Note. CL = Cultural levels; UHB = upper humic bed; LHB = lower humic bed. aLaboratories: AA = University of Arizona
AMS; GIN = Geological Institute, Russian Academy of Sciences (Moscow); GrN = Groningen; LE = Institute of the History
of Material Culture, Russian Academy of Sciences (St. Petersburg). bThe provenience of the sample used for this date is
uncertain (M. V. Anikovich, personal communication, 2004).
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Table III. Optically stimulated luminescence (OSL) dates from Kostenki.
Stratigraphy
Kostenki 1
above middle soil
below middle soil
Kostenki 12
above Gmelin soil
below Gmelin soil
Upper humic bed
Lower humic bed
Lower humic bed
Lower humic bed
Lower humic bed
Lower humic bed
Kostenki 14
Upper humic bed
15 cm above tephra
Cultural layer IVb
Horizon of Hearths
Horizon of Hearths

OSL age

Lab no.

Provenience

30,670  2750
UIC-1522
Unit -80
185–195 cm below datum
30,580  2740
UIC-1523
Unit -80
260–270 cm below datum
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - Y5 tephra - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 19,890  1730
UIC-1418
Unit
-73
110 cm below surface
25,770  2250
UIC-1419
Unit
-73
180 cm below surface
30,030  2210
UIC-916
Unit
-72
300 cm below surface
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - Y5 tephra - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 48,870  3620
UIC-915
Unit -90
255 cm below surface
47,390  3470
UIC-946
Unit -90
285 cm below surface
50,120  3630
UIC-947
Unit -90
315 cm below surface
45,200  3260
UIC-945
Unit -90
345 cm below surface
52,440  3850
UIC-917
Unit -90
380 cm below surface
26,340  1920
UIC-1126
—
70–75 cm below 0 line
32,230  2310
UIC-1127
Unit -70
180 cm below 0 line
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - Y5 tephra - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 47,780  3480
UIC-1128
Unit -75
390 cm below 0 line
34,170  2700
UIC-749
—
K14-99-337
44,880  3580
UIC-748
—
K14-99-401

was devoted to those two sites. More limited exposures of site stratigraphy were
afforded at K16, K1, K11, and B5. Because the stratigraphic sequence at most sites
was generally similar (Table IV), a stratigraphic framework was developed to aid in
description and discussion of the deposits. The strata are grouped into three units,
numbered from the bottom up (Table IV, Figure 2):
•
•
•

Unit 1, coarse alluvium and colluvium, not exposed in most sites and sections, overlain by fine-grained sediments just below the humic beds
Unit 2, the humic beds and equivalent strata, including the layer of volcanic ash
Unit 3, all sediments above the humic beds, including the silt with the Gmelin
soil and the loess-like loam with associated Chernozem

Kostenki 12
Kostenki 12 is located where the second terrace along the main valley of the Don
merges with the second terrace running along the south side of Pokrovskii Ravine
(Figures 3 and 4). Data were gathered from the walls of an excavation block that
exposed a 20-m section oriented along a north–south axis (i.e., parallel to the river;
Table V, Figures 6a and 7). Shorter segments of the stratigraphy were exposed along
an east–west axis at either end of the long wall.
The oldest deposits exposed at K12 are the uppermost meter of fine-grained sediments and soils of Unit 1 (Figures 3 and 6a). The deposits are horizontally bedded,
loamy, and calcareous. They are light gray to very pale brown to light yellowishbrown, except upslope to the south where dark gray to black humic beds are exposed.
Carbonate gravels are common low in the exposure, and are interbedded with the
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Table IV. Correlation of lithostratigraphy, soil stratigraphy, and cultural stratigraphy at sites mentioned in the text.

Note. UHB  upper humic bed; LHB  lower humic bed; heavy line  disconformity. Archaeological classification key for cultural levels (CL): Au  Aurignacian; Go  Gorodtsovskayan; Gr  Gravettian
(Kostenki–Avdeevo culture); Sp  Spitsynskayan; Sr  Streletskayan; EG  Epi-Gravettian (Zamyatnin
culture).

humic beds at the south end. Within Unit 1 are two zones (1A and 1B) composed of
finely bedded lenses of organic-rich sediment, marl, and fine interbeds of light tan
loam (Figure 6A). Unit 1A is strongly humic and 1B is weakly humic. Both were subjected to minor weathering and a weak soil is apparent in 1B (Tables I, V, Figures 6a,
7). The bedding in the 1A humic lamina dip south (i.e., down away from the river)
as if they were sheared. The humic zones in 1A and 1B apparently represent the initial stages of humic bed formation along with alluvial sedimentation. Upper 1A and
lower 1B interface with the layers of more organic-rich humic beds and chalk gravels exposed upslope (to the south). The top of 1B appears to be eroded and downslope it is cut out (Figure 7).
Near the top of Unit 1 is a layer (Unit 1C) composed of laminated brownish-yellow
and yellowish-brown loam, with thin interbeds of decalcified fines, probably reworked
from weathered sediments upslope (Table V). At the downslope end of 1C, it either
interfaces with the base of the Lower Humic Beds or was truncated prior to initial LHB
deposition. The boundary between the lower end of 1C and the LHB was obscured
by bioturbation (360–375 cm in Table V). Cultural Layer IV is at the base of 1C.
Unit 2 containing the Lower and Upper Humic Beds (LHB and UHB), is the most
visually striking zone in the K12 section (Figures 6a, 6b, 7). It is almost 2 m thick at
the south end of the excavation area and thins to 1.5 m downslope to the north.
Coarse fragments of limestone, both in the form of individual pieces and large masses
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Table V. Stratigraphic description (composite), Kostenki 12.
Unit

Depth, cm

3

0–40
40–70
70–130

130–144

3 Gmelin
Soil

144–170

170–190

190–212
212–223
223–243

2 Upper
half, UHB

175–235

2 Lower
half, UHB

235–273

273–305

Description*
East Wall, 73 North line
A1 horizon of Chernozem; very dark brown (2/2) loam; fine strong crumb
structure; clear lower boundary
A2 horizon of Chernozem; dark brown (3/3) loam; weak crumb structure,
weak subangular blocky structure; clear lower boundary
Bw horizon in loess; yellowish brown (5/6) loam; weak subangular blocky
structure; common vertical krotovinas, ~5-cm diameter filled with Ahorizon material; clear smooth lower boundary
Bk horizon; light yellowish brown (6/4) loam; carbonate films and threads
on ped faces; weak subangular blocky structure; few vertical krotovinas,
~5-cm diameter filled with A-horizon material; clear smooth lower boundary.
Bt1b1 horizon; pale yellowish brown (5.5/4) clay loam; weak subangular
blocky structure; thin patchy clay films on ped faces; few fine carbonate
nodules; clear smooth lower boundary.
Bt2b1 horizon; yellowish brown (5/4) clay loam; weak subangular blocky
structure; thin patchy clay films on ped faces; few fine carbonate nodules;
clear smooth lower boundary
Very pale brown (7/3) loam with carbonate gravel lenses 5 cm thick at top
and bottom; abrupt lower boundary.
Carbonate gravel
Massive very pale brown (7/3.5) loam with gravel lens 231–232 cm.
East Wall, 84 North line
ACb2; ~8 lenses of OM (each 1–2 cm thick) separated by
layers of calcareous silty clay loam; top three lenses (185–210 cm) are gray
(5/1), 2–3-cm thick, less distinct than below (clear to gradual boundaries;
bioturbation?), and separated by light gray (7/1, 7/2) loam lenses 5–8 cm
thick; lower five lenses (210–235 cm) are commonly light gray (7/1), a few
gray (6/1), 3–5 cm thick, and more distinct than above (sharp to clear
boundaries), and separated by white (8/1, 8/2) loam lenses 2–3 cm thick;
common vertical and horizontal krotovinas, ~5-cm diameter filled with Ahorizon material; fine fragments of chalk common throughout. a,b,c
ACb3; 235–240 cm are multiple lenses, 1 cm each, of white
(5YR 8/1d) primary microcrystalline carbonate; 240–256 cm is a massive
zone of mixed beds of pale brown to light yellowish brown (6/3–6/4 &
6/4–6/5) loam; 256–262 cm is lens of very dark gray (3/1) OM; 262–268 cm is
massive pale brown (6/3) loam; 268–273 cm are fine very dark gray brown
to dark brown (3/2–3/3), pale brown (6/3) and white (8/1) laminae 1 cm
thick; all boundaries sharp.b,c,d
Laminated loam, typically very pale brown (7/3), with some white (8/2 and
8/1) layers (possibly microcrystalline carbonate)e
(continued)
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Table V. (Continued).
Unit

Depth, cm

2 Upper
part, LHB

305–335

2 LHB

340–360

360–375

1C

375–390

390–400

1B

400–432

432–441

1A

441–488

488–495

Description*
ACb4; 305-325, mostly loam in lenses 2–4 cm thick; thickest and darkest
are 5/3, some 6/3, one thin lens 5/3–5/2; clear boundaries; 325–335 has more
common OM in lenses 1–2 cm thick, 2/1–2/2 and 4/3; boundaries are sharp;
OM lenses wavy at v fine scale; common vertical and horizontal krotovinas,
~5 cm diameter filled with A-horizon material.b,e
East Wall, 82 North line
ACb5; typically dark brown (4/3) loam w/some dark brown (3/3) OM lenses
5-10 mm thick; a few lenses of brown (5/3) loam 10 mm thick; lenses
merge and bifurcate over distances of 20–40 cm. Fe-oxide and fine carbonate nodules throughout; few to common krotovinas; CL III in base of unit.
Light yellowish brown (6/4 and 6.5/4) loam, faintly bedded; includes few
discontinuous lenses of fine carbonate pebbles; few to common krotovinas.
Lenses of pale brown (6.5/4) and lighter brown (10YR+ 5.5/4) loam 5-10-mm
thick; lenses dip south in this section; elsewhere they dip north or are concave up; between these lenses are fine lenses of light tan decalcified loam
5 mm thick; few to common krotovinas; CL IV.
Very pale brown (7.5/4) loam; massive with some faint bedding and discontinuous gravel lenses (esp to north); few to common krotovinas; sharp
irregular lower boundary.
ACb6; very pale brown (6.5/4) loam; light yellowish brown (6/4) in upper 10
cm; few to common fine carbonate pebbles; just north of this section have
carbonate pebble lens on top of soil (and faint dark gray lens 3–7 cm thick
on top of pebbles); few to common krotovinas; gradual to clear lower
boundary; lens of light tan loam 2–5 mm thick is at base of soil to the south
of this section.
Very pale brown (7/3) loam; varies significantly in thickness; sharp irregular lower boundary.
Lenses of brown (5/3) and light yellowish brown (6/4) loam 5–10-mm thick
(esp. just north), with some lenses dark brown (4.5/3), esp. below 44 cm; generally similar to an HB; finely bedded lenses of OM, locally as fine palimpsests
of lenses 1 mm thick; thin lenses of light tan loam 3–7-mm thick throughout;
few carbonate pebbles in upper half of soil, but common in lower half; OM
lenses at base locally interfinger with loam lenses below; CL V
Very pale brown (7/4) loam with common carbonate gravels and nodules;
few pockets and lenses of OM.

* CL  Cultural level; UHB  upper humic bed; LHB  lower humic bed; OM  organic matter. All colors
are 10YR (Munsell) slightly moist unless otherwise indicated. Description is from three sections along the
east wall of the main excavation block: at 73N (2003), 82N (2003), and 84N (2001). Measurements taken from
the top of the truncated surface at each section. a 215 cm south of this section, lenses in upper half of UB
become thicker and more distinct, composed of 6 OM lenses 3 mm–2 cm thick with white to pale gray
interbeds of primary microcrystalline carbonate. b Some OM lenses in UHB are composed of charcoal; finely
comminuted charcoal common throughout OM lenses in UHB and LHB. c UHB dips to the northeast. d 185
cm south of this section, lenses in lower half of UHB thin to laminae of loam with no OM. e Upper half of
LHB and overlying laminated sediments w/no OM are locally heavily convoluted.
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Figure 6. Illustrations of key stratigraphic and micromorphological features from Kostenki 12 and Kostenki
1. (a) Kostenki 12, east wall of the 2003 excavation block showing the lithostratigraphy and soil stratigraphy
of Units 1 (1C is poorly expressed in this view; 1B  the ACb6 soil horizon), 2 (LHB  lower humic bed; UHB
 upper humic bed), and 3 (GS  Gmelin Soil; LLL  loess-like loam). At the base of Unit 3, “g” is a layer of
gravel resting on an erosion surface that cross cuts Unit 2 and the UHB. (b) The LHB (lower Unit 2) and
upper Unit 1 illustrating the complex microstratigraphy of the humic beds (this area is in the lower right of
Figure 6a; the 1-m line here is at the top of the tape in Figure 6a). Lenses of primary carbonate (marl) are prominent throughout the section, especially just below the 1-m line and to the left of the tape. (c) Photomicrograph
of carbonate lens from the base of the UHB (width of image  4.4 mm). The very fine-grained nature of the
sediment illustrates the presence of both highly calcareous silt and in situ calcite as marl (e.g., the carbonate formed by precipitation rather than particulate redeposition). (d) Kostenki 1, west wall of the 2004 excavation block illustrating the soil stratigraphy and lithostratigraphy. The modern surface Chernozem (formed
in the Loess-like Loam, LLL) exhibits pervasive bioturbation as indicated by very common krotovinas. Soil
b1 is the Gmelin Soil. Note the tongues of the b2 soil dipping to the right (north or upslope).

of pieces, are common to the south (upslope) but rare to the north (Figure 6a).
Likewise, erosional disconformities within Unit 2 are more common and better
expressed upslope to the south. The top of Unit 2 (and the top of the UHB) is truncated by an erosional unconformity that slopes down to the north (Figures 6a and 7).
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Figure 7. The east wall at Kostenki 12 (2003) following extension and deepening of the exposure illustrated in Figure 6a. The distinctive “stepped” lower humic bed is well expressed here, as is the erosion
surface that cross cuts the upper humic beds. (g  gravel on the erosion surface.)

The LHB and UHB are the principal components of Unit 2. Their character at K12
is somewhat different from at the other localities where they were observed. The LHB
and UHB consist of thin (10 mm) interbedded lenses of organic-rich loam, brown
loam, and carbonate (Figures 6a, 6b, and 7). These thin, lenticular layers locally
merge and bifurcate (Figure 6b). The bulk of Unit 2 at K12 is composed of the LHB.
The LHB, averaging ~80 cm thick, consists of thin (between a few millimeters and
a few centimeters thick) horizontal to subhorizontal lenses of carbonaceous loam,
the brown loam, and the carbonate (Figures 6b and 7). Each is only a few meters in
length. In general, the more organic-rich humic lenses are found at the top and bottom of the LHB, while the carbonate lenses are more common in the upper LHB and
the brown loam is found in the middle of the LHB (Figure 7).
Close inspection of the microstratigraphy of the humic beds revealed a complex
depositional record. The individual microstrata are built up in a stepped fashion;
most strikingly, the organic-rich humic lenses in the upper and lower LHB on-lap to
the south and off-lap to the north. This characteristic is most obvious at the base of
the LHB (Figure 7). The thickness and lateral extent of these lenses apparently did
not vary as they built up except in their spatial positioning. Each humic-rich lens
seems to have formed over a lateral distance of 1–2 m, thinning out against underDOI: 10.1002/GEA GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 22, NO. 2
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lying Unit 1 to the south (upslope) and interfingering with microstrata of brown
loam to the north (Figures 6a and 7).
The UHB is locally up to 1-m thick, but thins downslope to a feather edge due to
thinning in the individual lenses that comprise the lower two thirds of the UHB
(Figure 6a). The original thickness of the UHB cannot be determined because of
erosion downslope (Figure 7), and because upslope the top of the unit was heavily
mixed by burrowing associated with the surface Chernozem (Figure 6a). The UHB,
like the LHB, is composed of carbonaceous loam, brown loam, and carbonate. These
lenses are more or less uniformly distributed throughout most of the UHB, unlike the
LHB with its concentrations of organic-rich humic lenses. The exception is a series
of lenses or pods of organic-rich humic beds approximately 30 cm below the upper
surface of the UHB (Figure 6a). Above are less humic loams dipping downslope.
Most of the organic matter in both the LHB and UHB appears to be derived from
in situ plant growth, based on macromorphological and micromorphological evidence of rooting along the lower boundaries and abundant faunal reworking (Table
I, Figure 6b). Finely comminuted charcoal is locally common in the organic-rich
zones in both the LHB and UHB. The basal LHB and areas of the UHB are also locally
convoluted (Figure 6b).
The carbonate is both primary and secondary. Most is microcrystalline and primary
(Table I; Figure 6c). Fragments of limestone are also common, especially in the south
end of the LHB (Figure 6a, b), making up gravel lenses and more irregular masses
and bodies of limestone fragments. Bedded loam with local gravel lenses is found in
lower Unit 2, at the base of the LHB. Cultural Level III lies at the base of this bedded
zone.
The tephra horizon is found in silts between the LHB and UHB at the northern or
downslope portion of the site (Rogachev and Anikovich, 1982:132). At the K12 sections examined during the 2001–2004 work, however, the only evidence for the ash
was based on laboratory study of sediments collected from the section. Glass shards
were identified throughout the upper half of the LHB (B.J. Carter, personal communication, 2004).
Unit 2 at K12 is well dated by OSL and radiocarbon, as well as tephrochronology and paleomagnetism, providing an internally consistent set of numerical ages.
Age determinations by OSL on the LHB range from ~52 to 45 ka (see Table III)
(Anikovich et al., 2002). The presence of tephra shards in sediments that overlie
the upper LHB suggests that it was deposited prior to ~40 ka. Based on paleomagnetic analysis of sediments collected in 2003, the Laschamps Excursion (dated
to 45–39 cal ka) probably occurred during deposition of the LHB (Pospelova, 2005).
Radiocarbon samples and a single OSL sample from the UHB yielded ages of
37.6–30.0 cal ka (Tables II, III).
Unit 3 rests unconformably on Unit 2. The unconformity cross cuts the UHB
(Figure 6a). The base of Unit 3 consists of a dense layer of carbonate gravel ~50 cm
thick (Figure 6a). Above is a loam layer ~50 cm thick. Analysis of the micromorphology suggests that this loam is alluvium (Table I). The deposit was modified by
soil development correlated with the Gmelin soil. It is a B horizon, light yellowishbrown, with thin patchy clay films on ped faces (Figure 6a). Above the Gmelin Soil
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Figure 8. View of the south side of the middle of Pokrovskii Ravine in the area of Kostenki 14 (arrow).
The site is on the ravine facies of the second terrace where the main ravine is joined by a side ravine
(just beyond the line of trees behind the site).

and comprising the rest of Unit 3 is the loess-like loam. This layer is 1 m thick upslope and almost 2 m thick downslope and contains the modern Chernozem soil. The
soil has a thick, black A horizon, a weakly expressed yellowish-brown B horizon, and
an underlying zone of carbonate accumulation with common films and threads of carbonate on ped faces (Figure 6a).
Unit 3 is heavily bioturbated, as indicated by prominent krotovinas (Figure 6a),
many of which penetrate into upper Unit 2 but are filled with the organic-rich soil
of the A horizon. Bracketing OSL dates of 25.7 and 19.9 ka were obtained on loam
below and above the Gmelin soil layer at Kostenki 12 (see Table III).
Kostenki 14
Kostenki 14 is located on the south side of Pokrovskii Ravine roughly 1 km from
its mouth and from K12, and near the confluence with a small tributary ravine (Figures
3 and 8) (Rogachev and Sinitsyn, 1982a). During 2001–2004, the stratigraphy was
exposed on the walls of an excavation pit measuring approximately 12  12 m, and
up to a depth of 8 m from the modern surface (Table VI).
The fill at K14 represents a “ravine facies” of the mainstream valley fill. The deepest sediments at K14, all comprising Unit 1, are dominantly loam but include interbedded lenses of limestone fragments and discontinuous lenses of primary carbonate, all
totaling at least 2 m in thickness. One major cycle of erosion is exposed within Unit
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Table VI. Stratigraphic description (composite), Kostenki 14 (east wall).
Unit

Depth, cm

3

0–40
40–75

75–145

Gmelin Soil 145–190
190–228

228–250
2 UHB

250–285

285–300

Ash Soil

300–305

305–340

~340
Horse Soil

340–345
345–364
364–366

Description*
A1 horizon of Chernozem; black (2/1) silt loam; strong granular structure;
clear smooth lower boundary.
A2 horizon of Chernozem; very dark gray brown (3/2) silt loam; weak subangular blocky and granular structure; common vertical and horizontal krotovinas,
~5 cm diameter filled with A1-horizon material; abrupt, irregular boundary.
Bk horizon in loess; pale brown (6/3) silt loam; fine, moderate subangular
blocky structure; some faint beds of darker silt (weak buried soils?); common fine threads of carbonate; common vertical and horizontal krotovinas,
~5-cm diameter filled with A-horizon material.
Btwb1 horizon; dark yellowish brown (4/4) silt loam; moderate, coarse prismatic structure; clear, wavy lower boundary.
Weakly bedded silt-to-silt loam; brown (5/3) and dark yellowish brown
(4/4) with thin, discontinuous layers of chalk fragments; abrupt, wavy
lower boundary.
Discontinuous, bedded chalk gravel; abrupt, wavy lower boundary.
ACb2; interbeds of: brown (5/3) silt loam 1–5 cm thick; brown (7.5YR 5/4)
silt loam lenses (with Fe-ox bodies and domains) 3–5 cm thick; silty, dark
brown (3/3) humic beds 3–5-cm thick; black (2/1) humic lenses 2–3 cm
thick prominent at base of unit; all beds are convoluted, contorted, and discontinuous; few, discontinuous light brownish gray (6/2) lenses of carbonate 1–2 cm thick; few krotovinas; boundaries between lenses and base of
black lens are abrupt.
Light brownish gray (6/4) silt; faintly bedded; local, discontinuous lenses of
brown (5/3) silt loam; abrupt, wavy lower boundary.
“Paleolithic Pompeii” (Aurignacian) Tephra; convoluted and discontinuous;
localized “flame structure”; Bwb3 soil below ash; dark brown (4/3) silt,
clear, smooth.
Yellowish brown (5/4) silty clay loam; beds 1–3 cm thick weakly apparent;
some beds weakly humic, dark yellowish brown (4/4); some calcareous,
pale brown (6/3); convoluted, contorted, and discontinuous; beds of scattered fine chalk fragments.
CL IVa “Horizon of Horse”
Ab4 horizona; Dark brown (3/3) silty clay loam; scattered fine chalk fragments; denser accumulation at base.
Dark yellowish brown (4/4) and brown (5/3) silt loam; weakly bedded;
abrupt, irregular lower boundary.
White (8/2), massive, dense, soft calcium carbonate; locally discontinuous;
otherwise thickness varies from few mm to several cm; “flame structures”
locally common; sharp, irregular lower boundary.
(continued)
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Table VI. (Continued).
Unit

Depth, cm
366–368

368–380
380–392

392

Description*
a

Ab5 horizon ; dark brown (3/3) silt loam; subhorizontal, 1–2 cm thick, discontinuous locally; distinct zone of OM darkening just below carbonate
toward north end of exposure in NW corner.b
Dark yellowish brown (4/4) silty clay loam; scattered fine chalk fragments;
irregular lower boundary; upper 2 cm exhibits hint of Ab2.
Ab6 horizona; dark brown (3/3) silt loam; very irregular, 3–10 cm thick (up
to 15 cm locally); silty clay loam; scattered fine chalk fragments; top 1 cm
is slightly darker toward north end of exposure; zone of OM darkening in
upper part of soil is most distinct toward north end of exposure; erosional
disconformity at top, more to south, less to north.
~100 cm thick; silty clay loam; very common fine chalk fragments concentrated in distinct lenses (392–396, ~403, 412–417, 427–431, 443–447; ~455 cm);
densest concentration just below fossil soil; abrupt, wavy lower boundary.c

* CL  Cultural level; OM  organic matter. aThe b4, b5, and b6 soils all merge into a composite soil 35
cm thick in southeast corner; these soils may be local version of LHB. b“Fossil Soil” of Haesaerts et al.
(2004). cBasal gravelly silt thins to the north and thickens to the south. The unit rests on a thin but
prominent buried A-horizon (Ab6) formed on eroded surface cut down to the south.

1. A paleo-gully, 1 m deep and 3 m wide, cut into older Unit 1 deposits and filled with
younger Unit 1 sediments is outlined by a thin buried soil (below the sequence
described in Table VI and shown in Figure 9) formed across the erosional surface. Flow
direction along the gully was from the southeast corner of the pit to the west end of
the north wall. On the floor of the paleo-gully (in the southeast corner) are multiple
layers of massive primary carbonate interlayered with limestone gravel and loam.
Within Unit 1, the most prominent archaeological feature is referred to as the
“Horizon of Hearths.” The feature, consisting of discrete, overlapping lenses of
intensely burned loam with charcoal, is along the sloping margins of the paleo-gully
and associated with the oldest buried soil. Cultural Layer IVb is also associated with
the buried gully and may be derived from the hearth feature (Sinitsyn et al., 2004).
Both radiocarbon and OSL ages are available from Unit 1. The OSL ages associated
with Cultural Layer IVb and the Horizon of Hearths provide an age range of 47.8–40.4
ka, although one OSL sample yielded a younger age of 34.2 ka (see Table III).
The Unit 1/2 boundary is marked by the lowermost of three weakly expressed
buried soils (Figure 9) in Unit 2. Unit 2 is roughly 2 m thick; somewhat thicker to the
south, toward the ravine wall, and somewhat thinner to the north, toward the axis
of the ravine. Lower Unit 2 (i.e., below the volcanic ash horizon) is almost a meter
thick and composed largely of pale brown to light yellowish-brown silty clay loam
containing discrete lenses of limestone fragments. Three soils are apparent in lower
Unit 2 (b4, b5, b6; Table VI, Figures 9, 10), stratigraphically equivalent to the LHB.
They are weakly expressed, with A–C or A–Bw morphology and minimal weathering (Tables I, VI, Figure 9). The soils are distinct in the northwest corner of the excavation block (Figure 9), but merge into a single cumulic or composite soil in the
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Figure 9. Kostenki 14 in 2001, north wall exposure, east end, showing lower Unit
2 with a carbonate lens (c) formed along an eroded surface. Note narrow “pods”
of carbonate in cross section filling small rills cut on this surface. The more continuous character of the carbonate dipping down slope can be seen in longitudinal section along the east wall (at right). This same lens is also apparent in Figure
10. The erosion forming the rills removed the Ab5 soil. The Ab6 is preserved
below. The mammoth skull (a juvenile) is not archaeological (the “horizon of
mammoth” of Haesaerts et al., 2004). The bone exposed in the back (north) wall
is horse from the “horizon of horse” (Cultural Level IVa). Laminated and convoluted lenses of loam, carbonate, and humic lenses are visible above the horse.
The tephra and “Paleolithic Pompeii” was on the bench above the back wall.

southeast corner. A distinct lens of primary, microcrystalline carbonate is present
immediately above the middle buried soil (Figures 9 and 10). In longitudinal section
along the east wall and in cross-section on the south wall, the carbonate is 1–2 cm
thick and can be traced for at least 8 m along the excavation walls (Figure 10). In cross
section on the north wall, however, the carbonate occurs in distinct, individual pods
3–6 cm wide and up to 3 cm thick, as if the carbonate-filled small rivulets (Figure 9).
The distinct lens of carbonate can be traced on the east and south walls to less distinct multiple lenses and masses in the southeast corner of the excavation.
The volcanic ash is well expressed in the K14 exposures on the east and south walls,
stratigraphically in about the middle of Unit 2 (Figures 9 and 10). It is discontinuous in
some areas, but up to 2 cm thick in others. A soil also is associated with the ash (the “Ash
Soil” b3 in Table VI). A zone of oxidation is apparent for several centimeters above and
below the ash. Although Haesaerts et al. (2004) report evidence for a volcanic ash below
the more obvious and nearly continuous ash exposed on the south and east walls (i.e.,
just above cultural Level IVa), we did not observe a second ash in these exposures.
Several archaeological features are present in lower Unit 2. Cultural Level IVa (Horizon
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Figure 10. The east wall of Kostenki 14 in 2004 exposing Units 2 and 3. At the bottom of the photo, the
lens of primary carbonate (c) and the Ab6 (shown in Figure 9) is visible. The excavation bench is just below
the “Paleolithic Pompeii.” The ash is locally visible in this wall but is too thin and discontinuous to show
in this photo. The upper humic beds are weakly convoluted along a surface that slopes gently to the north
(i.e., down into the ravine).

of Horse) is immediately above the b4 soil and the lens of primary carbonate. The “Horizon
of Ash” lies within and on the volcanic tephra horizon (Sinitsyn, 2003) (Figure 10).
Above the ash, Unit 2 is over 1 m thick. The lower ~30 cm is weakly bedded very
pale brown to pale brown to light yellowish-brown silt loam. The upper part of Unit
2 corresponds to the UHB, the top of which is truncated by an unconformity (Figure
10). The zone includes discontinuous lenses of interbedded yellow to yellow-brown
silt 1–10 cm thick, reddish-brown silt loam 1–10 cm thick, and discontinuous silty,
gray to black humic lenses up to 5 cm thick representing in situ organic matter production (Figure 10). Pollen data from the middle of the UHB contains high quantities of the fern Botrychium, suggesting that the organic matter accumulated under
saturated conditions (Sinitsyn, 1996:279). Longitudinally, the beds dip from south
to north and undulate along the east wall (Figure 10). In cross-section, the humic beds
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Figure 11. Heavily convoluted upper humic beds exposed on the south wall of K14 in 2001. The upper humic
beds are more heavily convoluted here because it is on a more steeply dipping surface (normal to the surface shown in Figure 10). The regular spacing of the convolutions indicates creep or solifluction processes.

are heavily contorted and convoluted on the south wall and dip down to the west
(Figure 11). The UHB includes Cultural Layers III and II, which yield calibrated radiocarbon ages on wood charcoal of 36.7–33.0 cal ka and 33.0–31.7 cal ka, respectively
(Sinitsyn, 2002; Haessaerts et al., 2004; see Table II). The UHB at K14 also yielded OSL
dates of 32.2 and 26.3 ka (see Table III).
Unit 3 varies from ~2.5 to ~3.5 m thick. At the base of Unit 3 are bedded silts and
limestone gravel (Figure 10). Upslope, along the south wall, are two prominent gravel
lenses, separated by bedded silts, including weakly expressed humic lenses. The
upper gravel pinches out downslope, leaving the bedded silts and lower gravel
exposed on the north wall. Thus, a disconformity cross cuts the two gravels and
intervening silts. Upslope, in the south and southeast part of the excavations, humic
lenses in the upper silt comprise a thin soil (~20 cm thick), mottled with iron oxides
(exhibiting an A–Bg profile). Downslope, the soil has the character of a well-drained
aggraded A horizon. This soil forms a kind of catena, but with evidence of poor
drainage upslope and better drainage downslope, the reverse of a typical catena.
Unit 3 above the disconformity on the gravel and silt is loamy. The lower 20–30
cm of the loam is a soil with ABw horizonation and is correlated to the Gmelin soil
(Figure 10). Haesaerts et al. (2004) identify four horizons of initial soil formation in
their “cover loam, units 2–11” (equivalent to Unit 3 in this article). Their lower two
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weakly humified soils (units 7 and 9) are either the soils in the silts between the
gravels or perhaps they are related to the Gmelin soil. In our exposures, at least one
weak soil was observed in the loess above the Gmelin soil, principally across the
north wall. Below or at the base of the Gmelin soil—but above the disconformity—
is Cultural Layer I with radiocarbon dates on bone of 27.3–23.6 cal ka (Sinitsyn and
Hoffecker, 2006:180). The rest of Unit 3 to the modern surface is the loess-like loam
with a well-expressed Chernozem with numerous krotovinas (Figure 10).
Kostenki 16
Kostenki 16 is located on the opposite side of, and roughly 200 m above, K14 on
Pokrovskii Ravine (Figure 3) (cf. Rogachev and Sinitsyn, 1982b). The K16 stratigraphy (Table VII) was exposed in two test pits excavated along the steeply sloping
surface of the second terrace and at an elevation approximately 5 m lower than K14.
For the most part, the test pits were excavated to a depth of less than 2 m below the
modern surface and exposed only Unit 3 and upper Unit 2. One narrow sondage was
dug to a depth of almost 4 m. The deepest deposits (294–379 cm) are bedded silts
with weakly expressed humic lenses. This zone probably correlates with part of the
LHB or sediment between the LHB and UHB. Above the silts are lenses and dense
layers of chalk gravel with some interbedded silt (175–294 cm), dipping south or
downslope toward the floor of the ravine.
The UHB consists of humic lenses, silts, and lenses of chalk fragments. The humic
lenses are expressed as thin, closely spaced, buried A horizons that apparently merge
and bifurcate. Two dark, distinct buried soils were exposed in both pits. A third
weakly expressed soil was also visible in the downslope pit where the soils also
merge into a cumulic profile. The zones separating the A horizons consist of silt with
scattered lenses of chalk. Above the humic lenses are bedded silts with some lenses
of chalk fragments. These deposits are considered part of the UHB based on the
unconformity that truncates the unit and defines the base of overlying deposits. In
the lower exposure remnants of a Bw horizon was noted in the silt, truncated by
the unconformity. A single occupation horizon is associated with the upper humic
lenses and radiocarbon dated to 32.9–30.3 cal ka (Sinitsyn et al., 1997:51).
Unit 3 at K16 is relatively thin (100 cm). It rests unconformably on Unit 2 and
consists of loam and lenses of chalk fragments. The unit is heavily modified by pedogenesis. This is largely in the form of A-horizon development of the local surface
Chernozem.
Kostenki 1
Kostenki 1 is on the north side of Pokrovskii Ravine, roughly opposite of K12
(Figures 3 and 4). K1 occupies a topographic setting different from all other sites
investigated as part of this study. As noted, all study sites are on the second terrace.
Most are at or near the steep bedrock walls of the ravine or river valley, both of which
contributed sediment to the terrace, building it up and forming the prominent sloping surface of the terrace. In contrast, K1 is lower on the landscape by ~3–5 m and is
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Table VII. Stratigraphic description, Kostenki 16.
Unit
3

Depth, cm

Description

0–20

Fill

20–53

A horizon of Chernozem; black (2/1) loam; strong granular structure;

53–81

Abk horizon of Chernozem, dark brown (3/3) loam; wk granular structure;

truncated; clear, smooth lower boundary.
very common krotovinas; chalk fragments common; very irregular, wavy
lower boundary.
81–100

Bw in loess-like loam; very pale brown (7/3) silty clay loam; w/dense layer
of bedded chalk fragments (densest in lower ?); common krotovinas;
abrupt lower boundary.

100–153

C; bedded brown (5/3) silt; scattered chalk fragments and few thin chalk
lenses to 125 cm; then denser, layered chalk fragment lenses and layered
silt lenses to 153 cm; clear lower boundary.

2 UHB

153–156

Ab1; very faint; pale brown (6/3) loam; locally discontinuous due to

156–160

Cb1; massive brown (5/3) silty clay loam; clear, wavy lower boundary.

160–165

Ab2; dark brown (4/3) loam; varies in thickness; common chalk fragments;

burrowing; clear lower boundary.

UHB

clear, wavy lower boundary.
165–175

Cb2; massive brown (5/3) silty clay loam; common chalk fragments; clear,

175–190

Dense layer of chalk fragments with interbeds of silt; more silt and less

smooth lower boundary.
chalk fragments to the south.
190–196

Brown (5/3) silt with lenses of chalk fragments.

196–212

Layered brown (5/3) silt with three lenses of chalk fragments.

212–248

Dense layered lenses of chalk fragments; some lenses of coarse fragments,
others are fine fragments.

248–266

Layered silt with chalk lenses.

266–294

Layered silt with chalk lens at base; chalk thins to NW, thickens and dips to
S; rests on erosion surface; common krotovinas.

LHB?

294–316

AC1b3; light gray (7/1) silt with a single, indistinct humic lenses in the
middle; clear, smooth lower boundary.

LHB?

316–379

AC2b3; dark yellow brown (4/4) silt; laminated and dipping S; darker gray
lenses in upper 10 cm; darker gray lens in the middle; common carbonatefilled vertical cracks 1 cm wide; lenses of coarse chalk fragments below
359 cm.

Note. UHB  upper humic bed; LHB  lower humic bed.
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situated along the west side of a shallow drainage that follows a tributary ravine
entering Pokrovskii from the north (Figures 3 and 5) (Praslov, 2004). The stratigraphic
observations (Table VIII) were made along the walls of an L-shaped trench (~10 m on
a side) at the southwest margin of the site (Figure 6d).
In addition to the different setting at K1, the stratigraphy is also very different from
the others. Units 1, 2, and 3 were identified at the site (Tables IV and VIII), but the correlations are not yet firm. Further, the section at K1, from upper Unit 1 to the surface
is approximately 3 m thick, in contrast to the thicker sections at all other sites. Unit
1 is composed of chalk fragments and massive silt. The chalk fragments are probably alluvial gravel, but the exposure was very limited. The modern water table intersects upper Unit 1, inhibiting exposure of more than a few decimeters of the deposit.
Humic beds were not observed at K1, at least not in the exposures opened in
2004. Instead, between the chalk gravel and the likely equivalent of the Gmelin soil
are two moderately expressed buried soils (b2, b3, Table VIII, Figure 6d). Based on
stratigraphic position these soils are considered the stratigraphic correlates of the
humic beds. The OSL dates on samples collected from above and below the b2 soil
yielded ages of 30 ka (see Table III). Analysis of samples collected in 2004 indicated
a concentration of glass shards—probably representing the Y5 tephra—in the sediment between the two soils.
At the base of both soils are zones 10–15 cm thick and somewhat higher in organic
matter (based on color). These zones grade up into the redder, thicker part of each
buried soil. These more organic-rich zones may be local equivalents to humic lenses.
The lower boundaries of the two buried soils are very irregular, composed of tongues
of the respective soil horizons penetrating into the underlying silt (Figure 6d). These
tongues also dip north (upslope; Figure 6d). The darker, lower horizons of the two
buried soils apparently reflect a relatively dense vegetation cover following silt deposition. This vegetation included rooting into the silt (and formation of the tongues).
Rates of sedimentation increased and the soil aggraded more rapidly than biomass
production. The surface then stabilized and the redder Bw soils formed. The dipping tongues may represent the effects of slight mass movement downslope toward
Pokrovskii Ravine.
Unit 3 consists of discontinuous lenses of chalk gravel in a silt matrix near its base,
the Gmelin soil, and the overlying loess-like loam (Figure 6d). The lower contact of
Unit 3 is an erosional disconformity with Unit 2. The gravel lenses rest on this disconformity. The Gmelin soil at K1 (Figure 6d) is significantly better expressed than
the equivalent stratigraphic unit at other sites (K12, K14, K11, and B5). It has stronger
structural development and a distinct calcic horizon. This pedogenic expression may
be due to the level landscape setting at K1 rather than the slope position occupied by
the other sites. The top of Unit 3 is composed of loess-like loam over 1 m thick with
the characteristic Chernozem surface soil, strongly mixed via bioturbation (Figure 6d).
Kostenki 11
Kostenki 11 is near the mouth of Anosovka Ravine, which is located south of
Pokrovskii Ravine (Figure 3). The site occupies the second terrace on the south side
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Table VIII. Stratigraphic description, Kostenki 1.
Unit

3

Depth, cm
0–20
20–60
60–90

90-125

Gmelin Soil 125–160

160–176

176–182

2

182–215
215–230

230–298

298–316

316–330
330–358

358–368

1

368–392
392–400

Descriptiona
Historic fill
A1 of Chernozem; black (2.5/1d) loam; strong, medium granular structure;
very irregular boundary.
A2 of Chernozem; v. dark gray (3.5/1d) loam; strong, medium granular and
weak subangular blocky structure; very common, distinct krotovinas, ~5
cm in diameter; very irregular boundary.
Bk in loess; Light yellowish brown (6/4); weak prismatic, moderate subangular blocky structure; common, dispersed carbonate and common carbonate threads; common, distinct krotovinas, ~5 cm in diameter; clear,
smooth boundary.
Btkw1b1; yellowish brown (5/4) silt loam; strong prismatic and strong subangular blocky structure; common, dispersed carbonate and carbonate threads;
common, distinct krotovinas, ~5 cm in diameter; clear, smooth boundary.
Btkw2b1; dark yellowish brown (4.5/4) silt loam; weak prismatic and moderate subangular blocky structure; common, faint and common, distinct
krotovinas, ~5 cm in diameter; abrupt, very irregular wavy boundary.
Cb1; massive pale brown (6/3) silt loam; common, discontinuous lenses of
chalk fragments; abrupt, wavy lower boundary.
Bt1b2; yellowish brown (5/4) silt loam; moderate prismatic to strong subangular blocky structure; few to common krotovinas.
Btk2b2; dark yellowish brown (4/4) silt loam; moderate prismatic to strong
subangular blocky structure; few soft bodies of carbonate; common carbonate films and threads on ped faces; few to common krotovinas; abrupt,
very irregular lower boundary.b CL 3
C1b2; massive light yellowish brown (6/4) silt; rare, small (few mm) chalk
fragments; common Fe-oxide staining along root channels; clear, wavy
lower boundary. CL 4 or 5
C2b2; massive yellowish brown (5/4) silt; few chalk fragments; rare
Fe-oxide staining along root channels; clear, wavy lower boundary. CL 4 or 5
C3b2; massive very pale brown (7/4) silt with faint bedding; common chalk
fragments common Fe-oxide staining along root channels.
Bw1b3; yellowish brown (5/4) silt loam; weak prismatic and moderate subangular blocky structure; common chalk fragments, locally in masses; few
krotovinas. CL 5 or 6
Bw2b3; dark brown (4/3) silt loam; moderate subangular blocky structure;
few krotovinas; abrupt, very wavy boundary.b CL 5 or 6
C1b3; massive light yellowish brown (6.5/4) silt.
C2b3; bedded chalk fragments.

Note. CL  Cultural level. aMost units dip east toward axis of tributary ravine. bLower boundaries of b2
and b3 soil represent tonguing of soil into underlying silt; tongues dipping north.
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and near the mouth of the ravine. This site is famous for yielding a spectacular mammoth-bone hut (late Upper Paleolithic), now preserved in situ in the Kostenki
Museum (Rogachev and Popov, 1982:120–122, Figures 38–40). The stratigraphy at
K11 was exposed in two deep test pits excavated to a depth of more than 5 m. One
of the pits was upslope of the museum, on its southwest side (Table IX), while the
other was on the northeast or downslope side of the museum building. The two
exposures provide a glimpse of stratigraphic variability downslope. As seen at K12,
and in contrast to K14 and K16, the deposits thin downslope.
Unit 3 was exposed only in the deeper pit, which was downslope, and only about
a half meter was encountered. The deposit consists of silt loam and continuous
lenses of coarse gravel dipping down ravine (northeast). Unit 3 appears to be a slope
deposit at K11.
Unit 2 consists of humic beds and an intervening silt layer. The volcanic ash was not
observed in either pit, but was recorded in earlier excavations elsewhere at the site
(Popov et al., 2004:6–9). Exactly where (stratigraphically) the ash would fit in the
stratigraphic sequence could not be determined. Therefore, whether the pits exposed
both the LHB and UHB or only upper and lower UHB could not be determined.
The lower set of exposed humic beds is about a half meter thick, consisting of
humic and nonhumic lenses of silt loam, some lenses stained by Fe-oxides, and scattered lenses and pockets of charcoal. Above is 60–100 cm of massive dark yellowish-brown loam, overlain by bedded dark brown loam. The UHB above these loams
is 100-cm thick and consists of two sets of lenses of light yellowish-brown loam
interbedded with lenses and pods of dark brown to very dark brown loam (i.e., higher
in organic matter). In the downslope pit, the humic lenses are thin and subhorizontal, overlapping to the north and, like K12, providing an apparent northward dip. In
the upslope pit (Table IX), the humic lenses and intervening silt lenses dip north
toward the ravine, and are locally convoluted. A single thin section from the uppermost and best expressed humic layer in the UHB (Table I) confirms the high degree
of biological activity and in situ production of organic matter that characterizes the
humic beds at Kostenki.
Unit 3 comprises the over 21/2 m of the upper section at K11 (Table IX). At the
base is a thin gravel lens that underlies a buried soil correlated with the Gmelin Soil.
The soil is ~70 cm thick and moderately well expressed, with iron oxidation and
structural development. Secondary calcium carbonate is present, but may be from
the overlying modern Chernozem soil. The upper 2 m of the K11 section is the loesslike loam with the modern Chernozem consisting of a black A horizon and an underlying zone of calcium carbonate accumulation (Bk or calcic horizon). The K11 mammoth-bone hut was found in Unit 3 loess above the Gmelin Soil.
Borshchevo 5
Borshchevo 5 is located on the second terrace in a long ravine (roughly twice the
length of Pokrovskii Ravine) at the village of Borshchevo, approximately 6 km southeast of Kostenki (Figure 3). The stratigraphic exposures were in two test pits 5 m apart
in elevation: one 4  8 m (upslope) with a deep 1  3 m sondage (Table X), and the
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Table IX. Stratigraphic description, Kostenki 11.
Unit

Depth, cm

3

0–40
40–67
67–80
80–88

88–150

150–185

185–200

3 Gmelin Soila 200–235

235–245

Description
A horizon, Chernozemic; historic; abrupt lower boundary.
Construction debris; abrupt lower boundary.
A1 horizon of Chernozem; very dark brown (2/2) loam; crumb structure;
truncated remnant of original soil; clear, smooth boundary.
A2 horizon of chernozem; dark brown (3/3) loam with fine common pockets of 4/3 loam from Bw horizon; crumb and weak subangular blocky
structure; abrupt, irregular lower boundary due to krotovinas in Bk1.
Bk1 horizon in loess; dark brown (4/3) loam; common carbonate threads;
very common vertical krotovinas, up to 5 cm diameter filled with A-horizon
material; irregular lower boundary due to krotovinas in both Bk1 and Bk2.
Bk2 horizon; yellowish brown (5/4) loam; common carbonate threads;
common vertical krotovinas, up to 5 cm diameter filled with A-horizon
material; irregular lower boundary due to krotovinas.
Bk3 horizon; yellowish brown (5.5/4) loam; very common carbonate
threads; rare krotovinas, up to 5 cm diameter filled with A-horizon material; clear, smooth boundary.
Bk1b1 horizon (Bt?); Yellowish brown (5/4) loam; common fine carbonate
threads; common vertical krotovinas, up to 5 cm diameter; clear, smooth
to irregular lower boundary.
Bk2b1 horizonc; light yellowish brown (5.5/4) loam; common fine carbonate threads; clear, smooth boundary.

3 Gmelin soil? 245–270

Bwb1 horizon3; yellowish brown (5/4) loam; discontinuous gravel lens 1
cm thick; clear, smooth boundary.

2 UHBd

ACb2; dark brown (4/3) lenses of OM to 290 cm; common discontinuous
lenses of dark brown (3/3) and very dark brown (2/2) OM to 309 cm; few
krotovinas; irregular, clear lower boundary.
Light yellowish brown (6/4) loam; very irregular, clear lower boundary.

270–308

308–335
2 UHBd

335–380

380–408
408–445
2 LHB

ACb3; dark brown (4/3) loam with common discontinuous lenses and pods
of dark brown (3/3) and very dark brown (2/2) OM; some lenses of underlying loam mixed in; very irregular clear lower boundary.
Dark brown (4/3) loam; clear lower boundary.
Dark yellowish brown (4/4) loam; clear.

445–515

ACb4; mixed zone of yellowish brown (5/4, 5/6), brown (5/3), light yellowish brown (6/4) and Fe-ox stained loams in more or less distinct lenses;
scattered pockets of OM (charcoal?) below 490 cm.
515–560 Brown (5/3) loam with mostly continuous lenses of coarse gravel dipping
north; most of the gravel is in the upper half; light red brown loam below

Note. UHB  upper humic bed; LHB  lower humic bed; OM  organic matter. a Gmelin soil dips to the
south. bBk2b1 is either below main Gmelin soil or in lower portion of Gmelin Soil. c Bwb2 is either
lower Gmelin soil or another soil buried below Gmelin. d UHB dips north.
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Table X. Stratigraphic description, Borshchevo 5.
Unit
3

Depth, cm

Description

0–80

A horizon of Chernozem; somewhat truncated; v dark brown (2/2) loam;
very strong medium crumb structure; clear smooth boundary.

80–100

Bw horizon in loess; brown (5/3) loam; weak subangular blocky structure; common vertical krotovinas, ~5 cm diameter filled with A-horizon
material; clear smooth boundary.

Gmelin Soil 100–122

Bwb1 horizon; dark brown (4/3) loam; weak prismatic and moderate subangular blocky structure; few vertical krotovinas, ~5 cm diameter filled
with A-horizon material; clear boundary.

?

122–140

Bw2b?; yellowish brown (5/4) loam; massive to very weak subangular
blocky structure; clear, way boundary.

2 UHB

140–172

AC1b2; light yellowish brown (6/4) loam with some subhorizontal lenses
3–8 cm thick brown (5/3) and dark brown (4/3, 3/3) OM; very irregular
boundary.

172–190

AC2b2; light yellowish brown (6/4) loam with distinct dark brown (3/3)
and very dark gray brown (3/2) OM lenses; clear irregular boundary.

190–210

AC3b2; light yellowish brown (6/4) loam with some subhorizontal lenses
3–5 cm thick brown (5/3) & dark brown (4/3, 3/3) OM; very irregular
boundary.

210–220

AC4b2; pale brown (6/3) loam; lower 5 cm contains multiple very dark
gray brown (3/2) OM lenses; very irregular boundary.

220–270

Loam; massive; weakly bedded and undulating; lenses are pale brown
(6/3), brown (5/3) and dark brown (4/3); rare krotovinas; possible weak
zone of weathering—5 cm thick and yellowish brown (5/4)—directly
above ash; clear irregular boundary.

270–285

Gray brown to light yellowish brwon (2.5Y 5.5/3); undulates, bifurcates;
5–20 cm thick, locally thins to 0 cm; clear irregular boundary.

285–335

Pale brown (6/3) loam; massive; weak yellowish brown (5/4) zone of
weathering below ash to 307 cm; thin, discontinuous zone of v. dark
brown (2/2) OM @ 312 cm; clear boundary.

335–375

AC1b3; loam; convoluted lenses of dark brown (4/3) silt and dark brown
(3/3) OM; local pockets of pale brown (6/3) loam in lower part; few scattered krotovinas; clear irregular boundary.

375–403

AC2b3; yellowish brown (5/4) loam with discontinuous lenses of dark
brown (3/3) OM and pale brown (6/3) silt in upper half; few discontinuous
lenses of dark brown (3/3) OM in lower half; clear irregular boundary.

Tephra

2 LHB

(continued)
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Table X. (Continued).
Unit
2 LHB

1?

Depth, cm

Description

403–431

White (8/1, 8/2) primary carbonate; weakly laminated; thin, discontinuous
zone of very dark brown (2/2) OM at top; few krotovinas; clear smooth
boundary.

431–444

ACb4; weakly laminated dark brown (4/3, 3/3) loam; few krotovinas and
scattered chalk fragments; abrupt smooth boundary.

444–480
480–510

Dense bedded chalk gravel; abrupt smooth boundary.
Pale brown (6/3) silty clay w/scattered chalk fragments; chalk rubble
shows on floor of pit below this level.

Note. UHB  upper humic bed; LHB  lower humic bed; OM  organic matter.

other 3  3 m (~50 m downslope to the west–northwest). The lower pit extended
more than 3 m into the lower LHB. The upper pit was more than 5 m deep and penetrated ~50 cm into Unit 1 (Table X). As at the Kostenki localities, Unit 1 is composed of interbedded chalk gravel and clay.
Unit 2 includes the LHB and UHB, plus intervening silt with the Y5 ash (Figures 12,
13). The LHB consist of lenses of bedded light yellowish-brown loam, continuous
and discontinuous dark brown to gray to black humic lenses, and a few thin lenses
of primary carbonate with discontinuous lenses high in organic matter. Downslope
the lenses in the LHP are subhorizontal, upslope the lenses are convoluted.
Separating the LHB from the UHB is weakly bedded, pale brown to yellowish-brown
loam. Within this loam is the light yellowish-brown volcanic ash horizon (Figures 12,
13). Typically, it is 5–20 cm thick, wavy, and dips north, but locally, it thins to nothing.
The UHB is less than a meter thick. It consists of bedded brown to dark brown loam
with interbeds of more humic lenses. These humic lenses are darker (i.e., higher in
organic matter), more distinct, and more convoluted upslope (Figure 13). In the upslope exposure, the darker humic lenses are in two sets, each 10–20 cm thick (Figure
13). Bedded, mostly light yellowish-brown loam with less dark humic lenses, totaling
20–30 cm thick, rest on each set of darker humic lenses. Downslope are two darker
sets of humic lenses within the UHB, but they are not as dark or as distinct as the upslope humic lenses. A single thin-section sample was collected from the uppermost and
most strongly expressed humic layer in the downslope exposure of the UHB (Table
I). The sample suggests a high degree of biological activity and in situ production of
organic matter, similar to the humic beds at the Kostenki sites (described above).
The top of the UHB and Unit 2 is marked by a distinct erosional unconformity.
Unit 3 contains the Gmelin soil overlain by the loess-like loam (Figure 13). Lenses
of chalk gravel are locally apparent on top of the unconformity with Unit 2. Locally,
small rill or gullies must have developed on the unconformity and these filled with
poorly sorted or unsorted mixtures of loam and chalk cobbles of varying size (Figure
13). The Gmelin soil was observed in the upslope exposure, but it is weakly expressed
in this setting. Downslope, the Gmelin soil was not apparent. It was either removed
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Figure 12. The large (upslope) block excavations at Borshchevo 5 exposing Units 2 and
3. Note the sondage next to the back wall. The bone bed exposed on the floor rests
directly above the Y5 tephra (t). Above the sondage, a mix of silt and limestone gravel
is apparent, filling a small gully (g). The effects of bioturbation are well expressed in the
Chernozem in Unit 3.

by erosion or perhaps was welded into the B horizon of the loess-like loam. The
loess is roughly 100–140 cm thick (thicker downslope) and contains the modern
Chernozem. The soil has the typical black A horizon with underlying Bw horizon. It
also exhibits strong bioturbation by burrowing animals (Figure 13), typical of the
regional Chernozems.
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Figure 13. Close-up of Unit 2 in the B5 sondage. The gravel-filled gully in the upper right is the one
shown in Figure 12. The convoluted character of the lower humic bed shows well in this exposure.
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DISCUSSION
The Kostenki–Borshchevo localities were subjected to a variety of geologic
processes over the past 50,000 years, reflecting changing late Pleistocene environments. The degree to which the geologic record reflects local environments and
environmental changes versus regional environments and regional climate changes
is unclear, but the subject of continuing research.
Unit 1, which is found in the main valley of the Don and at the mouths of tributary systems (e.g., Pokrovskii Ravine) represents alluviation, probably under quasistable hydrologic conditions. The ubiquity of this alluvium in the second terrace fill,
and its physical similarity from site to site, suggests that the Don may have followed
the west bank of its valley (i.e., it was positioned in the Kostenki–Borshchevo area)
during alluviation. The high silt content of Unit 1 is indicative of high-suspended
load in the river, probably derived from loess on the uplands. The coarse gravel in
upper Unit 1 at K14 is indicative of higher energy flow in the ravine, which is to be
expected given the steeper gradient of the ravine and its proximity to bedrock slopes.
The transition from Unit 1 to Unit 2 deposition was apparently rapid. There is no
obvious unconformity separating the two. The presence of humic lenses interfingering with upper Unit 1 at K12 indicates that there was an overlap in the processes
producing the Unit 1 alluvium and the Unit 2 humic lenses and beds.
The origins of the humic beds in Unit 2 have been debated for decades (e.g.,
Lazukov, 1957; Grishchenko, 1961:64–66; Velichko, 1961:207–208). A commonly held
view is that these thin layers, particularly the organic-rich lenses, were redeposited
from the loess and organic-rich Chernozems on the uplands (cf. Klein, 1969:41–42).
Slope processes clearly played a role in the evolution of Unit 2, as indicated by (a)
the sloping character of the beds from the valley walls toward the Don (observable
at K11 and K12) or toward the tributary ravines (observable at K14, K16, and B5); (b)
the masses of coarse limestone fragments locally apparent in the humic beds at K12
and K16; and (c) evidence for downslope movement of bone in the LHB at K12
(Hoffecker et al., 2005:162).
The fine beds of loam, including those enriched in organic-matter and carbonate, are almost certainly not due to high-energy slope processes. Several lines of
evidence suggest alternate origins. Slope deposits should vary in thickness and texture, but the HB are uniformly fine grained and thin. The carbonaceous lenses
and carbonate lenses are also typically discrete and relatively homogeneous.
Deposits moved down the slopes of the valley and ravines would not maintain
their homogeneous physical integrity (e.g., the dark color and organic matter content of the humic lenses), but instead should mix with all of the materials being
transported downslope. Moreover, analysis of the micromorphology shows that
much of the organic matter and carbonate is the result of in situ formation (i.e.,
the organic-matter accumulated due to in situ plant growth and decay, and the
carbonate precipitated in place; see Table I). Further, the humic zones tend to
thin both upslope and downslope, particularly where they are subhorizontal,
indicative of very localized and short-lived stability and plant growth, repeatedly
interrupted by loam sedimentation.
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The thin layers of yellow-brown loams interbedded in the humic beds are identical to the regional upland loess and were almost certainly derived from it. In ravine
settings (e.g., K14, K16), they were probably derived from loess on the nearby uplands.
Along the main valley, however, the loam lenses are more common at the downslope
end of the humic beds and probably represent floodplain deposits. The carbonates
are thicker upslope and thin downslope. In cross-section, however, some of the carbonate lenses seem confined to small rivulets. Some palynological data from the
humic lenses suggest moist to wet ground during accumulation of the organic matter (e.g., Sinitsyn, 1996:279).
A significant question in understanding the origins of the humic beds, therefore,
is what conditions repeatedly followed loam deposition and resulted in pervasive
biotic activity? The exact nature of the humic beds varies from site to site, but in all
cases, a repeated sequence of localized processes is in evidence. An important clue
is provided by the lenses of in situ carbonate interlayered with the other components of the humic beds. These deposits are likewise localized, but persist through time,
and in most exposures where the carbonate is present, it tends to thicken upslope and
thin (and often pinch out) downslope. Some carbonate lenses are also related to small
rivulets, suggesting a relationship to flowing water moving down the sloping landscape between the valley or ravine walls and the valley or ravine bottom.
The carbonates probably were deposited by calcium-laden waters from seeps and
springs. Seeps and springs are common in the area today, likely the result of the
extensive limestone uplands. Water from precipitation and snowmelt on the uplands
percolates down through the limestone and then moves freely through the underlying sands that form the lower valley walls. In the late Pleistocene, under conditions
of more effective precipitation and with a higher water table (owing to a higher position of the Don River), seeps or springs may have issued from the limestone along
the valley walls. Springs and seeps would also support moist surfaces along the sloping terrace surfaces, which, in turn, would support abundant vegetation and production of biomass and produce the individual humic lenses.
The deep excavations at K14 provide supporting evidence for the notion that the
carbonate lenses in the humic beds are the result of spring activity, which supports
the idea that most of the character of the humic beds is due to springs. In the southeast corner of the excavation block in Unit 1 is massive primary carbonate interlayered with sand and gravel. This set of in situ carbonate rests at the bottom of a
paleo-gully that runs from southeast to northwest. Above, in lower Unit 2 are carbonate lenses associated with a weakly expressed buried soil. The carbonate is
expressed as a single lens on the south, east, and north walls, but in the southeast
corner, directly above the paleo-gully and massive carbonate, the carbonate in lower
Unit 2 is a mass of convoluted and contorted lenses. These features in the southeast corner could be related to springs immediately upslope. Spring discharge could
have (a) cut the paleo-gully in Unit 1, (b) produced the lower massive carbonate in
Unit 1, and (c) later produced the lenses of carbonate in lower Unit 2.
Several variations in the character of Unit 2 are indicative of varying local conditions. At K14, in the upper course of Pokrovskii Ravine, the LHB is not present in
the same form as that of K12. Rather, lower Unit 2 at K14 is represented strati218
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graphically by three layers of loam, each with a weakly expressed soil. The presence of lenses of primary carbonate in these deposits indicates that springs or seeps
were active in the area. The absence of multiple thin lenses of organic matter suggests either that springs or seeps were not as active during this time in this part of
K14, or that the multiple thin lenses of loam (which repeatedly interrupted organicmatter accumulation) at K12 were deposited by Don River floods that did not reach
up the ravine, allowing prolonged accumulation of organic matter and soil formation.
The UHB at K14 is generally similar to the UHB at K12 and B5 and contains humic
lenses, yellow-brown loams, primary carbonate, and fragments of limestone. The
UHBs at K11 and K16 are primarily composed of loams and humic lenses. The physical character of the humic beds likely varies, however, depending on slope position, and proximity to the valley walls, springs and seeps, and the Don River. One strikingly different aspect of the UHB at K14 is its convoluted appearance. The regularity
of the convolutions along a gentle slope suggests that they were caused by solifluction or related mass-movement features on a frozen landscape.
Unit 2 at K1 is significantly different from that seen at any other locality. It is represented by two well-developed buried soils (characterized by Bt and Btk horizons),
each of which is welded to an underlying well-expressed A horizon that could be characterized as a humic lens. Otherwise, no deposits or soils resembling the classic humic
beds were observed in the 2004 excavations, nor were they clearly expressed in other
areas of the site (cf. Praslov, 2004). The processes producing multiple lenses of primary
carbonate, limestone fragments, and organic-rich humic lenses were not present as K1
evolved. This phenomenon may be due to the topographic setting of the site, which,
as described above, is unlike the setting of the sites with more typical humic beds. K1
occupies a relatively low elevation, along the margins of a reentrant valley that feeds
into Pokrovskii Ravine. This may have removed the site from the effects of slope
processes that influenced other sites. Further, this setting probably created a more
stable landscape that was conducive to prolonged soil development. Each phase of stability apparently began with moist conditions due to a high water table. Redoximorphic
features in the soil and a high content of organic matter indicated this. Loam then
aggraded (perhaps due to flooding) but slowly enough for pedogenic processes to
keep pace with the aggradation. This phase of soil development was characterized by
better drainage, which is indicated by translocated clay and carbonate.
The low topographic setting of K1 and the cultural features in Unit 2 at this site
also have implications for regional landscape evolution. Cultural Layer III at K1 is
equivalent to Cultural Layers I and Ia at K12, just across the ravine to the south, but
the K1 features are several meters lower that those at K12. This indicates that the Don
River may have incised below the level of the T2 alluvium at this time.
Throughout the study area, the contact at the top of the Unit 2 (and the UHB)
and the formation of Unit 3 represents a shift in the geomorphic processes creating and acting on the second terrace. The top of the UHB is truncated by an unconformity at all of the sites investigated in 2001–2004, and is overlain by coarse
bedrock debris of lower Unit 3 at three of them (K12, K14, and K11). The erosion
surface and alluvium thus seem to be a regionally significant stratigraphic marker.
The erosion may be related to downcutting by the Don River that preceded
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alluviation of the first terrace. The coarse bedrock debris appears to be the result
of mass wasting of the bedrock slopes along the ravines and valley wall (based on
the poorly sorted, angular character of the clasts). The causes of the mass wasting and the relationship (if any) of the mass wasting to the erosion and downcutting are unknown at this stage of research, but clearly the geomorphic equilibrium
was destabilized after 30 cal ka.
The Gmelin soil has been dated by radiocarbon on both the first and second terraces. On the second terrace, the Gmelin soil is associated with Cultural Layer I at
Kostenki 14, which has yielded five dates on samples of bone ranging between 27.3
and 23.6 cal ka; the younger estimates (both on mammoth bone) have been rejected
(Haesaerts et al., 2004:173). On the first terrace, charcoal recovered from Cultural
Layer III at Kostenki 21 (which also is associated with the soil) yielded dates of 26.7
and 25.5 cal ka (Sinistyn et al., 1997:49).
The parent material of the Gmelin soil, which rests on the gravel, represents the
last phase of alluviation on the second terrace. The downcutting that finally isolated
the second terrace probably occurred shortly after this alluviation. The soil itself
represents a phase of stability. Though not examined as part of this study, the loam
forming the parent material of the Gmelin soil and formation of the soil on the lower
and younger first terrace appears to be equivalent to the parent material and soil
formation on the second terrace (i.e., after ~30 cal ka and prior to ~25 cal ka). The
dating plus the similar pedogenic character of the soil in both positions shows that
the parent material is a drape of sediment across T1 and T2.
The loess-like loam that overlies the Gmelin soil in Unit 3 represents full-glacial
loess deposition during the cold maximum of the Late Pleniglacial and later. In the
Kostenki–Borshchevo area, this layer tends to be relatively thin (averaging less than
2 m in thickness) in comparison to other parts of the East European Plain, where primary loess of the Late Pleniglacial averages as much as 3–4 m in thickness (Velichko
et al., 1984:110–111). The modern Chernozem has formed on this layer.
CONCLUSIONS
The recent research at localities in the Kostenki–Borshchevo area has helped
to clarify issues of geochronology and stratigraphy and provide new insights into
site-formation processes. At a regional scale the field studies and dating offer
some clues to the history of the Don River during the Upper Paleolithic occupation. Alluviation of the second terrace (i.e., deposition of Unit 1) was under way
prior to 50 ka. During this time, the main channel of the Don was at or near K12
and the mouth of Pokrovskii Ravine. After 50 ka, deposition of Unit 2 and the
Upper and Lower Humic Beds began. The origins of Unit 1 in the upper reaches
of the ravines at K14 and B5 are unclear. It may be related to repeated flooding
far up the ravines or due to localized mobilization of loess from the uplands onto
the ravine floors.
The deposition of Unit 2 is related to a combination of processes, including slope
wash, in situ precipitation of calcium carbonate, plant growth, in situ accumulation of organic matter, and perhaps floodplain alluviation. The role of alluvial
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processes by the Don River is unclear. Although the brown loam in Unit 2 on the
lower slope at K12 resembles floodplain sediment, such alluvial processes would
entail deep flooding of the topographically lower K1. No evidence for such flooding
is available. One possible explanation is that during Unit 2 time, the river was already
incised below the level of K1 but repeatedly flooded T2. Resulting sediments in the
ravines (including those in the K1 area) could have been flushed out once the flood
waters waned and the ravines drained.
Most of Unit 2 deposition is related to more localized processes, the most important of which are the in situ accumulation of organic matter and calcium carbonate. Unit 2 is composed primarily of the humic beds, the origins of which have
been the subject of years of debate (cf. Sinitsyn, 1996). Our analysis of the humic
beds, including their micromorphology, indicates that they probably represent quasistable landscape with soil formation repeatedly interrupted by slopewash sedimentation and local spring water flowing down the second terrace slope.
Percolating through limestone bedrock, seeping, calcium-charged groundwater
deposited lenses of primary carbonate that became interstratified with the organic
horizons and slopewashed lenses of silt and limestone rubble. The organic-rich
horizons evidently reflect concentration of hydrophilic plants and other intense
biotic activity attracted to these saturated microhabitats. At locations where local
spring flow and slopewash were absent (e.g., upper Unit 2 deposits at K1), soils
formed without interruption during this interval.
At many sites, a layer of volcanic ash subdivides the humic beds. This ash has
been identified as the Campanian Ignimbrite (CI) Y5 tephra, which is dated to ~40
ka (Ton That et al., 2001; Pyle et al., 2003). Deposited by a massive eruption in southern Italy (Campi Flegrei), the CI tephra probably had a significant impact on the
regional biota, including the human population (cf. Fedele et al., 2003; Sinitsyn,
2003). It also represents the most important chronostratigraphic marker at
Kostenki–Borshchevo, and indicates (in conjunction with supporting OSL dates, calibrated radiocarbon dates, and paleomagnetic stratigraphy) Upper Paleolithic occupation, probably by anatomically modern humans, prior to 40 ka.
The presence of springs and seeps in the Kostenki–Borshchevo also could explain
other aspects of the landscape and the archaeology. The Kostenki–Borshchevo area
is unusual along this part of the Don River with respect to the presence of deeply
incised ravines on the west bank of the valley. Such ravines are rare to the north
and south and on the east bank. Limestone sapping by localized springs could account
for the localized ravines. Perhaps more importantly, the Kostenki–Borshchevo area
is unique for the central East European Plain in its high concentration of Upper
Paleolithic sites. Springs and seeps probably were a consistent attraction for both
animals and people (Hoffecker et al., 2005:166–167).
At approximately 30 ka (i.e., the end of the MIS 3), the Don River initiated a downcutting phase and the local water table dropped. As a result, it appears that spring
activity on the second terrace level ceased. There is no evidence of spring deposition (i.e., primary carbonate lenses) above the uppermost humic bed. Springs and
seeps are active in the Kostenki–Borshchevo area today but confined to the ravine
bottoms below the level of the first terrace.
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APPENDIX
Optically Stimulated Luminescence Dating (OSL) Methods
Luminescence dating has been used to date sediments with silicate minerals, predominately feldspar and quartz, usually 200 ka old that received prolonged sunlight
exposure prior to deposition (e.g., Aitken, 1985, 1998; Duller, 2004; Forman et al.,
2000; Murray and Olley, 2002). After the sediment is buried and shielded from further
light-exposure ionizing radiation from the decay of naturally occurring radioisotopes
of U, Th, and K, it produces free electrons that are subsequently trapped in crystallographic charge defects in silicate minerals. Excitation of minerals by light results
in recombination of stored-charge that results in the luminescence emissions. The
intensity of the luminescence is calibrated in the laboratory to yield an equivalent dose
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(De), which is divided by an estimate of the radioactivity that the sample received during burial (dose rate, Dr) to render a luminescence age.
The optically stimulated luminescence (OSL) clock is reset by exposure of sediment to sunlight prior to deposition. The OSL dating method uses light to liberate the
time-stored luminescence emissions rapidly releasing light-sensitive trapped electrons
(1.41 ev; Hütt et al., 1988) from the mineral lattice. A key advantage of OSL is the rapidity and the completeness of solar resetting of signal compared to the thermoluminescence (TL) signal. The green OSL emission from quartz and potassium-feldspar grains
are reset after exposure to sunlight for as little as 20 s and is similar to the reduction
in the TL signal after a 20-hr sunlight exposure (e.g., Godfrey-Smith et al., 1988), attesting to the broad utility of optical techniques for dating Quaternary sediments.
The OSL dating at Kostenki used the fine-grained (4–11 µm) polymineral and
quartz extracts (Table XI) under infrared stimulation (IRSL). Equivalent dose was calculated using the multiple-aliquot additive dose method (e.g. Lang, 1994; Richardson
et al., 1997; Forman and Pierson, 2002). Optical stimulation of sediments was accomplished using an automated Daybreak 1100 reader with infrared emissions (880 80
nm) from a ring of 30 diodes (Spooner et al., 1990). The diode array delivers approximately 17 mW/cm2, measured by the current induced in a silicon photodiode
(Telefunken BPW-34; Telefunken Corp, Somerville, NJ) connected to a resistive circuit. The resultant blue emissions were measured at room temperature (~25 C) by
a Thorn-EMI 9635 Q photomultiplier tube (Thorn EMI; Gencom, Fairfield, NJ) coupled with one 3-mm-thick Schott BG-39 (Schott Glass Technologies, Inc., Duryea,
PA) and one 3-mm-thick Corning 7-59 glass filters (Corning Glass, Corning, NY) that
block 90% luminescence emitted below 390 nm and above 490 nm from the sediments. Blue-dominated emissions were chosen for measurement because previous
studies indicate greater suitability as a chronometer than ultraviolet wavelengths
(e.g., Balescu and Lamothe, 1994; Berger et al., 1994; Lang and Wagner, 1996). The
background count rate for measuring blue emissions was low (80 counts/s), with
a signal-to-noise ratio of 20. Samples were excited for 90 s, and the resulting IRSL
signal was recorded in 1-s increments.
All aliquots were preheated at 160°C for 10 hours and then stored for 24 hours prior
to analysis. This preheat, similar to previous studies (e.g., Kaufman et al., 1996, 2001;
Forman, 1999; Forman and Pierson, 2002; Forman et al., in press; Nowaczyk et al.,
2002; Ollerhead et al., 1994; Stokes, 1992; Watanuki and Tsukamotto, 2001), is effective in largely circumventing an unstable luminescence component (e.g., anomalous
fading; Wintle, 1973) associated with laboratory irradiation. Tests on luminescence
signal stability were preformed by comparing changes in luminescence emissions for
an additive dose between 0.8 and 1.6 kGy after preheating at 160°C for 10 hours and
storage for 24 hr, separate aliquots were measured immediately and after storage at
25°C for 30 to 40 days (Table XI). Stability of the laboratory dose-induced luminescence is indicated by the ratio of luminescence emission after storage divided by
the immediate measurement; a ratio of 1.0 indicates stable luminescence. The stability ratio for the sediments studied range between 0.95 and 1.02, which indicate little to no signal instability, and the deviation from a ratio of 1.0 is within analytical
resolution. There may be a small diminution of the additive dose signal by 5% for some
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samples but this is well within other associated dating errors. In turn, the fine-grained
quartz extract (Berger et. al., 1980) (UIC1419Q and UIC1419Q-IR) was analyzed by
multiple aliquot regenerative procedure (Jain et al., 2003) for a representative sample; quartz is a mineral that rarely shows fading after preheating (Aitken, 1985:58).
The quartz extract yielded ages that overlapped at 1 sigma with the corresponding
IRSL age, indicating that the latter is a finite estimate (Table XI). Finally, IRSL ages
agree well with the available 14C age control (Table XI) obviating the need for a correction factor (e.g., Mejdahl and Funder, 1994; Huntley and Lamothe, 2001).
All samples were analyzed by the total-bleach method (Singhvi et al., 1982), with
the solar reset residual level measured on four aliquots of each sample. The residual level was obtained by exposure to 1 hr of sunlight, which results in near-total resetting of the IRSL signal. The rate of IRSL in growth was evaluated by applying additive beta doses to the natural TL signal by a series of irradiations with a calibrated
90
Sr/90Y source. The highest radiation dose added to the natural TL signal was at least
5 times the calculated De, which is sufficient for accurate extrapolation. The natural and additive-dose data were fitted by a saturating exponential function (Grün,
1996) for emissions from the 2nd to 89th second of infrared excitation that encompasses over 95% of the measured IRSL signal and exhibits a pronounced plateau in
De values. However, De determinations are limited by the extent of growth of luminescence with additive dose; if there is little increase in the resultant luminescence,
the response is saturated (Mejdahl, 1988). All De calculated have a threefold increase
in luminescence emission with additive beta dose compared to the natural level and
provide ample differentiation in dose response to calculate a finite equivalent dose.
A critical analysis for luminescence dating is the dose rate (Dr), which is an estimate of the exposure of the sediment to ionizing radiation during the burial period
(Table XI). Most ionizing radiation in the sediment is from the decay of isotopes in
the U and Th decay chains and 40K. The U and Th content are determined by thicksource alpha counting, which assumes secular equilibrium in the decay series. For
a number of samples (UIC915. 916, 917, 945, 946, 947, 1126, 1127, and 1128), the U
and Th content is also provided by inductively coupled plasma–mass spectrometry
(ICP-MS) by Activation Laboratory LTD, Ontario, Canada. The radioactive potassium component (40K) is determined from the assayed K2O content of the sediment
by ICP-MS. A small cosmic ray component, 0.15–0.12 Gy/ka, is included in the estimated dose rate following calculations of Prescott and Hutton (1994). The alpha
efficiency (-value; Aitken and Bowman, 1975) is determined under infrared stimulation for multiple aliquots of the polymineral fraction and has a rather narrow range
from 0.04 to 0.08. These -values were also used in corresponding age calculations
for fine-grained single-aliquot regeneration determinations. A moisture content of
155% (by weight) for the burial period was assumed in the dose rate calculations
for all samples. This value was chosen because it is intermediate to the hygroscopic
moisture limit (moisture retained at 31 bars) of about 10% and field capacity limits
(moisture retained at 0.1–0.2 bars) of 24% for loamy sediment (Brady, 1974:192). The
dose rate (U and Th components) by ICP-MS and alpha counting overlap at 2 sigma,
and the resultant ages are concordant at one sigma; the ages by these methods are
statistically undistinguishable (Table XI).
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0.98  0.03
0.96  0.04

88.99  0.32
92.36  0.32

UIC748
UIC749

K14-99-401
17-72-337
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2.29  0.26
1.5  0.1f
1.70  0.25
1.5  0.1f
1.94  0.25
1.4  0.1f
1.84  0.23
2.24  0.30

2.16  0.33
1.5  0.1f
1.57  0.17
1.1  0.1f
2.02  0.23
1.4  0.1f
2.09  0.22
1.6  0.1f
1.79  0.23
1.7  0.1f
1.40  0.18
1.4  0.1f
1.57  0.26
1.45  0.19
1.45  0.19
1.45  0.19

1.83  0.25
1.76  0.25

Uranium
(ppm)e

4.76  0.68
6.6  0.1f
4.64  0.65
4.7  0.1f
4.61  0.65
6.0  0.1f
4.32  0.59
6.87  0.79

5.84  0.88
5.5  0.1f
2.39  0.42
2.7  0.1f
3.46  0.60
4.0  0.1f
3.21  0.54
3.7  0.1f
3.43  0.50
3.5  0.1f
2.78  0.46
2.5  0.1f
5.93  0.72
3.08  0.51
3.08  0.51
3.08  0.51

4.63  0.66
5.74  0.74

Thorium
(ppm)e

0.92  0.02
1.28  0.02

1.23  0.02

0.99  0.02

1.52  0.02

1.29  0.02
0.71  0.01
0.71  0.01
0.71  0.01

0.43  0.02

0.80  0.02

0.88  0.02

0.97  0.02

0.57  0.02

1.48  0.02

0.180  0.014 2.53  0.12
2.49  0.05
0.160  0.016 1.91  0.09
1.85  0.05
0.120  0.012 2.21  0.10
2.17  0.05
0.120  0.012 1.98  0.09
0.120  0.012 2.70  0.13

0.150  0.015 2.63  0.12
2.40  0.05i
0.120  0.012 1.28  0.08
1.17  0.04i
0.120  0.012 1.94  0.09
1.75  0.05i
0.120  0.012 1.71  0.09
1.62  0.05i
0.120  0.012 1.62  0.09
1.60  0.05i
0.120  0.012 1.10  0.05
1.08  0.03i
0.130  0.012 2.47  0.11
0.120  0.012 1.49  0.08
0.120  0.012 1.45  0.08
0.120  0.012 1.45  0.08

0.160  0.016 2.16  0.10
0.140  0.014 2.21  0.10

Cosmic dose rate Total dose rate
(Grays/ka)g
(Grays/ka)h

1.04  0.02
1.15  0.02

K2O
(%)e

25,640  2160
26,340  1920i
31.330  2800
32.230  2310i
46,930  3930
47,780  3480i
44,880  3580
34,170  2700

27,360  2360
30,030  2210
44,620  3820
48,870  3620
43,870  3740
47,390  3470
47,380  3930
50,120  3630
44,650  3800
45,200  3260
51,330  4950
52,440  3850
19,890  1730
25,770  2250
24,020  2120
24,740  2190

30,670  2750
30,580  2740

OSL age
(ka)j

a

Equivalent dose determined under infrared stimulation (880  80 nm) for all samples; for UIC1419Q, the fine-grained quartz extract is analyzed under blue light stimulation (470  20
nm) and for UIC1419Q-IR, the fine-grained quartz extract is analyzed under blue light stimulation, with a prior infrared wash step. b Equivalent dose determined for all samples by the
multiple aliquot additive dose method (e.g. Forman and Pierson, 2002); for UIC1419Q and UIC1419Q-IR equivalent dose calculated by the multiple aliquot regenerative dose method
(Jain et al., 2003). Blue emissions are measured with 3-mm-thick Schott BG-39 and one, 3-mm-thick Corning 7-59 glass filters that blocks >90% luminescence emitted below 390 nm
and above 490 nm in front of the photomultiplier tube. c The stability of the laboratory beta-induced (Gy) luminescence signal after preheating and storage was tested by comparing
luminescence emissions of immediately after preheating (10 hours at 160 ºC) and with at least a 30 day storage. A thermal stability ratio 1.02 -0.95 indicates little or no signal instability,
within analytical resolution. d Measured alpha efficiency factor as defined by Aitken and Bowman (1975). e U and Th values calculated from alpha count rate, assuming secular equilibrium. K20 % determined by ICP-MS, Activation Laboratory Ltd., Ontario. f U and Th values determined by ICP-MS, Activation Activation Laboratory Ltd., Ontario. g Cosmic rate dose
rate from Prescott and Hutton, 1993. h Assumes a moisture content of 15  5%. i Dose rate calculated from U and Th values determined by ICP-MS. j All errors are at one sigma.

0.049  0.002
0.050  0.002

0.049  0.002

1.00  0.03

103.72  0.28

UIC1128

0.082  0.002
0.057  0.002
0.047  0.002
0.047  0.002

Kost. 14 390 cm

49.17  0.17
38.47  0.09
34.85  0.82
35.89  0.85

UIC1418
UIC1419
UIC1419Q
UIC1419Q-IR

K-12-02 #1
K-12-02 #2
K-12-02 #2
K-12-02 #2

0.032  0.002

0.039  0.001

0.96  0.03
0.99  0.03

56.62  0.14

UIC917

Kost. 12 #6

0.037  0.001

59.75  0.30

0.95  0.03

72.16  0.11

UIC945

Kost. 12 #5

0.029  0.001

UIC1127

0.95  0.03

81.05  0.19

UIC947

Kost. 12 #4

0.048  0.002

Kost. 14 180 cm

1.00  0.03

83.07  0.41

UIC946

Kost. 12 #3

0.041  0.002

0.037  0.001

1.02  0.03

56.99  0.11

UIC915

Kost. 12 #2

0.048  0.002

65.60  0.10

0.96  0.03

71.94  0.10

Kostenki 12 Site
Kost. 12 #1
UIC916

0.070  0.002
0.050  0.002

Kostenki 14 Site
Kost. 14 70-75 cm UIC1126

0.95  0.04

66.37  0.07
67.63  0.12

Laboratory Equivalent dose Thermal stability
numbera
(Grays)b
ratioc
A valued

UIC1522
UIC1523

Kostenki 1 Site
K1-04-IRSL #1
K1-04-IRSL #2

Field
number

Table XI. Optically stimulated luminescence (OSL) ages and associated chronologic data for sediments from Kostenki.
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