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A.O. Volvakh a, D.G. Malikov a, N.A. Taratunina g, J.-P. Buylaert d 

a Academician Koptyug Ave., 3, 630090, Novosibirsk, Russia 
b A. Donish Institute of History, Archaeology and Ethnography, National Academy of Sciences of Tajikistan, ak. Rudaki ave., 33 
c Staromonetny per., 29/4, 119017, Moscow, Russia 
d Department of Physics, Technical University of Denmark, DTU Risø Campus, Roskilde, Denmark 
e Nordic Laboratory for Luminescence Dating, DTU Physics and Department of Geoscience, Aarhus University, DTU Risø Campus, Roskilde, Denmark 
f Department of Earth Sciences, Uppsala University, Uppsala, Sweden 
g Leninskiye gory, GSP-1, Moscow, Russia   

A R T I C L E  I N F O   

Keywords: 
Loess-palaeosol sequence 
Ob loess plateau 
Late Pleistocene 
Erosional hiatus 
Lozhok 

A B S T R A C T   

The south of Western Siberia is an important part of the Eurasian loess belt, containing an extensive record of 
Quaternary landscape and climate evolution in up to 100 m thick loess deposits with as many as 10 pedocom-
plexes. However, this important Quaternary archive lacks a reliable absolute chronology, and this has prevented 
the linking of the widely accepted regional chronostratigraphic correlations with those of other parts of the 
Eurasian loess belt. Here we present the first results of detailed luminescence dating of the Late Pleistocene loess- 
palaeosol sequence at the Western Siberian stratotype section of Lozhok. According to the classical regional 
chronostratigraphic scheme, this sequence records the main stages of the environmental evolution of the region, 
including three palaeosols correlated with the warming stages of MIS 5e, MIS 5c and MIS 3. Our absolute 
chronology is based on 38 new luminescence ages (OSL, IR50, pIRIR290). Good agreement between the OSL and 
pIRIR290 ages suggests sufficient bleaching before deposition. The resulting chronology reveals that, rather than 
being only Upper Pleistocene in age, the loess-palaeosol sequence at Lozhok actually formed in the Middle and 
Upper Pleistocene. The ages of individual horizons do not correspond to the previously accepted stratigraphic 
units and morphological features of pedocomplexes. Our Bayesian chronological model reveals remarkable 
variation in dust accumulation and preservation at the site. The new results unambiguously identify the presence 
of an erosional boundary with a hiatus lasting ~90 ka. The upper pedocomplex, immediately below this 
discontinuity, formed in sediment deposited between 131 ± 9 ka and 122 ± 11 ka and clearly corresponds to 
MIS 5. The lower pedocomplex is found in sediment deposited between 240 ± 12 and 199 ± 9 ka, and correlates 
closely with MIS 7. These new findings demonstrate the urgent need for a wider programme to date the main 
stratotypes of loess-palaeosol sections in Western Siberia. Only then can the global implications of the regional 
climate record in this important continental-scale archive be correctly interpreted.   

1. Introduction 

This study aims to establish the first absolute chronology for loess in 
Western Siberia using the loess-palaeosol stratotype at Lozhok. Loess 
deposits are widely developed in the south of Western Siberia and are an 
important palaeoclimatic archive of the Late and Middle Pleistocene 
(Zykina and Zykin, 2012). In the south of Western Siberia (Fig. 1), thick 
loess deposits are located in the upper part of the Ob River basin and 
form the Ob Loess Plateau – a system of north-eastern elongated ridges 

which cover other Quaternary landforms. These extensive loess se-
quences include well-preserved fossil soils and represent some one of the 
most complete continental records of the Pleistocene climate in the 
world (Kravchinsky et al., 2008). Periodic climate fluctuations are re-
flected in the regular alternation of loess and automorphic soil horizons; 
this sedimentary sequence has developed as a direct result of differences 
in temperature and moisture supply through time. 

The most complete loess-soil sequence in Western Siberia (Ob Loess 
plateau) exhibits 10 pedocomplexes (including the modern soil) within 
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the Brunhes Chron, separated by thick layers of loess. Each pedocomplex 
consists of soils separated by thinner loess interlayers. Although the 
loess-palaeosol sequences of the region have been well studied (Sizikova 
and Zykina, 2014, 2015; Zykin and Zykina, 2015; Zykina and Zykin, 
2012; Zykina et al., 2018), no detailed chronostratigraphic studies have 
been undertaken. Currently the regional stratigraphic correlation of 
loess-palaeosol sequences from different parts of Western Siberia (Ob 
Loess plateau; Salair area, Novosibirsk Ob area, Altai piedmont, Yenisei 
loess area etc.) is based on descriptions of the palaeosols, palae-
omagnetic studies, and rare TL ages. This regional scheme is ultimately 
correlated with the Kurtak section, one of the most complete loess-soil 
sections of the Upper Pleistocene of Central Siberia. There, a broad 
stratigraphic sequence of subaerial sedimentation and the age intervals 
of soil formation and loess accumulation has been suggested, based on 
TL dating (Frechen et al., 2005; Zander et al., 2003). A reliable nu-
merical timescale is of great importance for the reconstruction of the 
palaeoenvironment from loess-palaeosol sequences (Stevens et al., 
2006). Recent developments in optically or infrared stimulated lumi-
nescence dating using quartz and feldspar (e.g. Buylaert et al., 2012; 
Murray et al., 2021), in combination with a high sampling density (e.g. 
Stevens et al., 2018), is expected to allow a more robust and detailed 
reconstruction of the sedimentation and soil forming processes in 
Western Siberia. In particular, key sections such as Lozhok require 
detailed luminescence dating to establish independent chronostrati-
graphic models that do not rely on regional correlations. In this study, 
luminescence dating is applied to both quartz and feldspar grains 
extracted from thirty-eight samples from a ~8.3 m loess-palaeosol 
profile at Lozhok. A continuous Bayesian age-depth model is then 
derived from these ages, and the results interpreted in terms of the 
regional stratigraphic scheme and global marine oxygen isotope stages. 

1.1. Site description 

The Lozhok section is located in an abandoned brick-clay quarry, 1.5 
km west of Lozhok railway station (54◦34′02.5′′N, 83◦18′31.9′′E) at an 

altitude of approximately 165 m asl (Fig. 1). The site is located in the 
Novosibirsk Region, at the interfluve of the Shipunikha and Koinikha 
rivers, tributaries of the Berd River which in turn flows into the Ob 
River. The section is located on the slope of one of the northern ridges of 
the Ob Loess Plateau, which is made up of a series of elevated elongated 
ridges, oriented from southwest to northeast, dissected by small river 
valleys (Fig. 1). 

The Lozhok section was chosen for dating due to its apparent strat-
igraphic completeness and position as a key section of the Late Pleis-
tocene of the entire Ob Loess Plateau. Indeed, the section has been 
identified as a stratotype for the Novosibirsk Ob Region (Zykina et al., 
1981; Zykina and Zykin, 2012). Previously, geomorphological, strati-
graphic, and palaeopedological studies (Volkov, 1971; Zykina et al., 
1981; Volkov, 1973) and studies of its granulometric, geochemical, 
micromorphological (Sizikova and Zykina, 2014, 2015; Sizikova and 
Zykina, 2013), petromagnetic characteristics (Kravchinsky et al., 2008; 
Volvakh et al., 2019) and the morphology of quartz grains (Sizikova and 
Zykina, 2015) have been undertaken at the site. The presence of 
short-period climatic oscillations in the loess record has also been 
investigated based on the sedimentological properties of the loess 
(Sizikova and Zykina, 2015; Volvakh et al., 2019). 

Based on this previous work, the section is thought to consist of five 
lithostratigraphic units: (1) the modern soil; (2) the Bagan-Eltsovka loess 
correlated to MIS 2; (3) the Iskitim palaeosol, correlated with MIS 3; (4) 
the Tulino loess - MIS 4 and (5) the Berd pedocomplex, with one weakly 
developed and one thick palaeosol, both correlated with MIS 5. This 
interpretation is based on radiocarbon ages from both Lozhok and the 
nearby Mramorny quarry. The Iskitim palaeosol of Southern Siberia is 
correlated with MIS 3 and in some sections consists of two separate 
weakly developed soils. The lower soil was dated to 33–38 ka cal BP and 
the upper palaeosol to 26–30 ka cal. BP (Zykina et al., 1981; Volkov, 
1973). 

Fig. 1. Location of the Lozhok section (DEM from OpenStreetMap).  
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2. Material and methods 

In this study, 40 luminescence samples were collected from the ~8.3 
m thick loess profile at Lozhok. Samples were collected in light-proof 
bags after sunset immediately after cleaning back of the section. Sam-
ples for gamma spectrometry were taken separately around the lumi-
nescence samples. The sampling scheme is outlined in Fig. 2. 

The 90–180 μm grains for measuring the equivalent dose were ob-
tained by wet sieving, followed by treatment with 10% H2O2, 10% HCl 
and 10% HF. This was followed by separation of quartz grains and K-rich 
feldspar grains in a heavy liquid solution (sodium polytungstate) of 
density 2.58 g/ml. The quartz-rich extract was etched in 40% HF (40 
min) and given a final wash in 10% HCl. This removed any remaining 
feldspar contamination, and etched the surface of the quartz grains. Two 
samples (186170 and 186,172) did not yield sufficient 90–180 μm grains 
and were discarded from analyses. 

For the determination of the environmental dose rate the sediment 

was first dried at 50 ◦C, ground (<200 μm) and ignited at 450 ◦C for 24 h 
to eliminate organic matter (typically 2–3% by weight). The fine powder 
was mixed with a hot wax and poured in a cup-shaped mould. Finally, 
the radionuclide concentrations (expressed in terms of dry weight of 
sample before ignition) were determined by analyzing the cups on a 
high-resolution gamma spectrometer (Murray et al., 1987, 2018). Field 
water content was measured directly on the samples and ranged from 10 
to 15%. 

Quartz grains were mounted as large (8 mm) aliquots on stainless 
steel discs and K-rich feldspar grains as small (2 mm) aliquots in stainless 
steel cups. Quartz De values were measured using a standard SAR pro-
tocol (Murray and Wintle, 2003): preheat 260 ◦C/10s, cut-heat 220 ◦C, 
sample temperature/duration during stimulation 125 ◦C for 40s, and at 
the end of each cycle an elevated temperature blue light stimulation 
(40s) at 280 ◦C. Net signals used in further calculations were derived 
from the photon sum during the first 0.8s minus that in the subsequent 
0.8 s. The quartz purity was checked by the absence of a significant IRSL 

Fig. 2. Structure of the Lozhok section, showing luminescence ages and results of Bayesian modelling. Legend: 1 – humus horizon; 2 – illuvial horizon; 3 – loess 
horizon; 4 – sandy loam palaeosol horizon; 5 – crotovinas; 6 – secondary carbonates; 7 – gleying; 8 – loam; 9 – ferruginization; 10 – small rock debris and sand 
interlayer; 11 – manganese dots; 12 – sampling place. 
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signal (<10% of blue-light stimulated luminescence). At least 17 ali-
quots were measured for each quartz sample, and 6 for each feldspar 
sample. Feldspar measurements were performed using post-IR IRSL 
protocols that have been successfully applied to loess from China and 
Europe (pIRIR50,290 and pIRIR200, 290) (Buylaert et al., 2012; Thiel et al., 
2011; Stevens et al., 2018). Preheats for dose and test dose were always 
320 ◦C for 60s, infra-red stimulation was for 200 s and at the end of each 
SAR cycle the feldspar signal was cleaned using IR-stimulation at 325 ◦C. 
The test dose size was ~30% of the measured De. For the upper part of 
the sequence (samples 186,151 to 186,165), the first IR stimulation was 
conducted at 50 ◦C whereas the older samples (186166–186,190) the 
first IR stimulation was done at 200 ◦C; the latter giving a more stable 
signal for older samples (see Li and Li, 2012; Buylaert et al., 2012; Yi 
et al., 2015). Luminescence from the first 2 s and from the last 20 s of the 
stimulation curves were used for signal and background, respectively. 
The results of dose recovery tests (see below) justify our choice of pro-
tocols. All measurements were performed on Risø TL/OSL-readers 
(model DA-20) equipped with a calibrated 90Sr/90Y beta source 
(Bøtter-Jensen et al., 2010; Hansen et al., 2015). For dose recovery ex-
periments, quartz aliquots were bleached at room temperature under 
blue light in the reader (100s stimulation, 10 ks pause, 100s stimula-
tion), feldspar aliquots were bleached for 48 h in a Dr Hönle solar 
simulator. 

3. Results 

3.1. Loess-palaeosol stratigraphic interpretation 

Detailed layer-by-layer descriptions of the section have been pub-
lished before in a number of papers (e.g. Sizikova and Zykina, 2015, 
2014; Zykina et al., 1981) and are only summarised here. The initial 
results of the luminescence dating (15 ages) were presented in (Volvakh 
et al., 2021), without supporting information. Here the quartz and 
feldspar luminescence characteristics and full chronology (38 ages) are 
presented. 

In our excavation the following stratigraphic units were distin-
guished (from bottom to top) (Fig. 2):  

- layer 8 (L4) – Light brown dense loess visible from 7.8 m downwards; 
upper part affected by the infiltration of cracks filled with the ma-
terial from PS5. In the regional stratigraphic scheme this is believed 
to correspond to the Suzun loess unit (MIS 6).  

- layer 7 (PS3, PS4 and PS5) - Berd pedocomplex, represented in the 
section by 2 well developed buried soils (PS 4 and PS5) and one 
weakly developed palaeosol (PS3) (5.4–7.8 m). The upper well 
developed Berd soil (PS4; 5.8–6.1 m) consists of a humic A (5.8–5.9 
m) and BC horizons (5.9–6.1 m). The lower palaeosol (PS5; 6.3–7.8 
m) is represented by two horizons: A (6.3–7.6 m) and B (7.6–7.8 m). 
In PS3 a minor increase in organic matter and darkened colour was 
recorded. In the regional stratigraphic scheme, this pedocomplex is 
considered to be the MIS 5 stratotype for Southern Siberia (Berd 
pedocomplex of Kazantsevo stage), with the upper well developed 
soil correlated with substage MIS 5c and the lower soil with MIS 5e. 

- layer 6 (L3) – Light brown silty loess with small carbonate concre-
tions and krotovinas in the upper part (3.4–5.4 m). This is considered 
to represent the Tulino loess unit (MIS 4) in the regional stratigraphic 
scheme. At the base of the layer an embryonic soil has been identified 
from differences in texture and organic matter enrichment (PS3).  

- layer 5 (PS2) – The lower palaeosol of the Iskitim pedocomplex 
(2.85–3.4 m). It consists of a humic horizon A (2.85–3.1 m) and a BC 
horizon (3.1–3.4 m). This pedocomplex is traditionally correlated 
with the first half of MIS 3 under the prevailing regional model.  

- layer 4 (PS1) – the upper palaeosol of the Iskitim pedocomplex is 
comprised of a sandy, gleyed gray loam that is dissected by small 
permafrost wedges. Along the upper boundary there is an interlayer 
of sandy loam with inclusions of a large amount of small pebbles, 

gravel and grus. Field studies clearly show an erosional boundary 
between the Iskitim pedocomplex and the Bagan-Eltsovka loess 
marked by a sharp transition from soil to loess and a sandy interlayer 
between two units with gravel. PS1 is only represented in some parts 
of the sequence and the top part of this soil is often eroded.  

- layer 3 (L2) – Pale silty loess, with rare black spots of organic matter 
(1.9–2.85 m). Under the regional stratigraphic scheme this unit is 
correlated with Eltsovka loess unit (second half of MIS 3).  

- layer 2 (L1) – Pale loess, porous, with carbonate concretions (0.5–1 
cm), homogeneous between 0.9 and 1.9 m. This unit is distinguished 
from L2 by growth in carbonate content and porosity. In the strati-
graphic chart of Southern Siberia, this unit is correlated with Bagan 
loess unit (MIS 2).  

- layer 1 (S0) - modern soil (0–0.9 m), comprising a humic A horizon 
(0–0.25 m), B1 horizon (0.25–0.55 m) and B2ca horizon (0.55–0.9 
m). 

3.2. Dose rate 

Dose rates were calculated from gamma-spectrometry activity mea-
surements using conversion factors from Guérin et al. (2012), with the 
results given in Table S1. The measured concentrations of 226Ra, 232Th 
and 4 K are typical for loess: 226Ra is in the range of 30–40 Bq/kg, 232Th - 
30–40 Bq/kg, 4 K - 500–550 Bq/kg. Sample 186190 from the Suzun loess 
horizon is distinguished by low activity which may reflect a change of 
source material. With the exception of this lowermost sample (186190, 
with a lower dose rate) total dose rates do not vary significantly across 
the section. Average values lie around 2.5–3.0 Gy/ka for quartz and 
3.0–3.9 Gy/ka for K-rich feldspars (the latter has an internal beta dose 
rate of 0.56 ± 0.03 Gy/ka, based on an assumed 12.5% K 
concentration). 

Estimation of lifetime water contents for these sediments was carried 
out on the basis of the average particle size and the proximity of the 
groundwater. Lozhok section is not affected by local rivers and the 
groundwater level is currently low; this is not expected to have been 
higher during the Late Quaternary. Data on the granulometric compo-
sition of the main horizons made it possible to differentiate typical likely 
water contents based on the clay fraction proportion. For samples with a 
fraction of <2 μm in the range 12.5–17% (mainly palaeosols), a best 
estimate of the life-time average water content is ~15% (50% of 
measured saturation values) while for the other (mainly unaltered loess) 
samples it lies at ~10% (30% of measured saturation values). These 
values are consistent with the range of observed field water contents (see 
above). 

3.3. Quartz OSL characteristics 

The quartz OSL signal is dominated by a fast component (Fig. 3a) and 
reliable interpolation of natural signals onto the laboratory dose 
response curve is possible at least up to ~100 Gy (Fig. 3b). A dose re-
covery test was conducted on nine samples (186151–186157, 186160 
and 186163) with given doses close to the estimated natural. The 
average dose recovery ratio obtained from these samples is 1.02 ± 0.02 
(n = 43), demonstrating that we can use our chosen protocol to make 
reliable quartz OSL estimates of a dose administered before any heating 
of the sample. The measured doses are plotted as a function of the given 
doses in Fig. S1. The calculated De values for all samples are presented in 
Table S2. Measurements for quartz were made for nearly all the samples 
down to a depth of ~430 cm, but starting from sample 186165 the 
signals are in full saturation and only feldspar ages are considered (next 
section). 

3.4. Feldspar luminescence characteristics 

A typical K-rich feldspar pIRIR200,290 natural test dose (277 Gy) 
decay and laboratory dose response are shown in Fig. 3c and d for 
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sample 186182. Dose recovery tests were applied to samples 186152, 
186155 and 186157 for pIRIR50,290 and to 186167 and 186180 for 
pIRIR200,290 protocols. Sets of aliquots (at least 6 per sample) were 
bleached in the solar simulator for 48 h. One set of aliquots was given a 
dose close to natural dose and another set of aliquots was used to esti-
mate residual dose. For the pIRIR50,290 protocol the given dose ranged 
between 61 and 78 Gy and the measured residuals from 4.4 ± 1.6 Gy to 
15.0 ± 0.4 Gy. After subtracting the residual dose the average measured 
to given dose ratio is 0.93 ± 0.02 (n = 12). For the pIRIR200,290 protocol 
the given doses were 391 and 684 Gy for samples 186167 and 186180, 
respectively. Measured residuals were 41 ± 2 Gy and 47 ± 2 Gy, 
respectively. After subtracting the measured residual dose the average 
measured to given dose ratio for the pIRIR200,290 protocol is 1.01 ± 0.05 
(n = 6). These results suggest that we can use our chosen pIRIR290 SAR 
protocols to make reliable feldspar IRSL estimates of a dose adminis-
tered before any heating of the sample. The K-rich feldspar De estimates 
(pIRIR50,290 for samples 186151-186166 and pIRIR200,290 for samples 
186167-186190) are arithmetic averages following Guérin et al. (2017), 
and are given in Table S2 with no residual subtraction. 

3.5. Comparison of quartz OSL and K-rich feldspar pIRIR290 ages and age 
modelling 

The quartz OSL ages ranged from 7.5 ± 0.7 ka for the youngest 
sample to 30.8 ± 1.9 ka for the oldest datable sample. The K-rich feld-
spar pIRIR290 ages increase systematically from 10.1 ± 0.8 ka to 326 ±
28 ka and are broadly in stratigraphic order. The pIRIR290 ages are 
plotted against the available quartz OSL ages in Fig. 4. The pIRIR290 ages 
are in good agreement with the quartz OSL ages, if the offset of ~2 ka 
(intercept on y-axis) is taken into account. This suggests relatively 
complete bleaching of the pIRIR290 signal. Based on these results, we use 

quartz OSL ages for young samples (<30 ka) and K-rich feldspar 
pIRIR290 ages for older samples. From the feldspar/quartz age intercept 
(2.0 ± 1.4 ka) we calculate an average residual dose in the field of 7 ± 5 
Gy (taking the average feldspar dose rate); this was subtracted from the 
feldspar De values listed in Table S2 before final age calculation and age- 
depth modelling. 

For modelling, the systematic uncertainty component arising from 
beta source calibration, water content, internal dose rate from U/Th, 

Fig. 3. Example luminescence characteristics for samples from Lozhok: a-b – Quartz OSL natural test dose (8.3 Gy) decay curve (a) and dose response curve (b) for 
sample 186163; c-d – K-feldspar pIRIR200,290 natural test dose (277 Gy) decay curve (a) and dose response curve for sample 186182. Recycling ratios are shown as 
open circles and zero dose response (recuperation) as open triangles. 

Fig. 4. Feldspar pIRIR50,290 ages plotted as a function of quartz OSL ages for 
samples <30 ka old. Dashed line is drawn at unity and the solid line has a slope 
of 0.987 ± 0.082 and y-axis intercept of 1.96 ± 1.43 ka. 
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and cosmic ray component was removed from the quartz OSL and 
feldspar pIRIR290 age uncertainties. Then a Bayesian model was run on 
the accepted ages as outlined above using rBacon software (Blaauw and 
Christeny, 2011) available as an R package, to give an age-depth model 
at 1 cm interval for the section. The age gap in the section at 285 cm 
meant that two separate age models were constructed and then com-
bined (Fig. 2), with settings of acc. mean = 600 and thick = 16 for the 
lower part and acc. mean = 200 and thick = 8 for the upper part of the 
section. Finally an average systematic uncertainty was combined with 
the random uncertainties given by the Bayesian model, to give total 
uncertainties on modelled ages. 

4. Discussion 

The new chronology at Lozhok, based on our Bayesian model, shows 
that much of the lower part of the sequence at Lozhok is far older than 
previously believed based on the regional stratigraphic model for the Ob 
loess plateau. In order to correlate this age model with field observa-
tions, we must consider the subdivision into palaeosol and loess units 
more carefully. Apart from some obvious and limited cryoturbation, the 
upper boundaries of palaeosols are well defined, and correspond to the 
field definitions. However, there is no doubt that during formation, soils 
penetrate down into the older loess deposited during the previous cold 
period (Stevens et al., 2007), particularly in the presence of permafrost. 
This is especially obvious at the bottom of PS5, but is also observed to a 
lesser extent at the bottom of all palaeosol layers. For this reason, one 
cannot assume that a pedologically defined boundary (e.g. between PS5 
and L4) defines the surface at the time of a change from cold/dry to 
warm/wet climate – such a change must have actually occurred when 
the surface was significantly more elevated. Accordingly, we associate 
the more elevated point in the altered loess of PS5 (see horizontal 
dashed red line at 698 cm in Fig. 2) with the lower limit of the presumed 
sediment surface at the time of the beginning of significant soil forma-
tion. Similar dashed red lines connecting the stratigraphic section with 
the age model are drawn in the lower part of all palaeosol units (at PS4 - 
616 cm, PS3 - 589 cm, PS2 - 305, cm PS1 - 301 cm, S0 - 23 cm); other red 
dashed lines are drawn at the same elevation as the field defined unit 
boundaries. The corresponding modelled age is written adjacent to each 
of these red lines. 

We are now in a position to discuss the relationship between the 
stratigraphy and the age model. A single pIRIR age of 332 ± 28 ka was 
obtained at the base of the section from the L4 (Suzun) loess. The L4 
loess becomes visibly altered about 790 cm (modelled age 290 ± 18 ka), 
and the sediment containing PS5 (lowest unit in the Berd pedocomplex) 
was deposited between 240 ± 12 and 225 ± 11 ka. PS5 is separated 
from the upper well-developed PS4 by a thin layer of loess, and the PS4 
palaeosol is found in sediment deposited from 210 ± 10 to 207 ± 9 ka. 
Thus we conclude that the L4 Suzun loess unit formed during MIS 8, 
while the Berd pedocomplex, formed between 240 ± 12 and 207 ± 9 ka, 
correlates with the MIS 7 interglacial. This contrasts with the previous 
MIS 6 and 5 assignment. At the top of Berd pedocomplex, an embryonic 
soil has been identified (PS3); this has not been discussed before in the 
literature and has an age of 200 ± 9 ka, with an underlying thin loess 
unit above PS4. The upper part of this complex is therefore consistent 
with a late MIS 7 formation, and may indicate formation during the 
substage MIS 7a. 

The L3 (Tulino) loess began to deposit at 199 ± 9 ka, and continued 
until 131 ± 9 ka. Thus the entire MIS 6 appears to be represented. 
Apparent accumulation may have decreased towards the end of MIS 6. 
This may have been a result of deflation, consistent with the evidence of 
apparent cryogenic processes in the loess deposited after ~150 ka. 

The humus horizon of the lower Iskitim palaeosol (PS2) formed in 
sediment deposited between 131 ± 9 and 128 ± 9 ka; the underlying BC 
horizon penetrates down into sediment deposited from 153 ± 8 ka (341 
cm). We correlate this PS2 palaeosol with the MIS substage 5e, with the 
BC horizon developed into underlying MIS 6 loess. Above PS2 a gley soil 

(PS1) formed in sediment deposited between 128 ± 9 and 122 ± 11 ka, 
pointing to continued development in MIS 5. However, these soils are 
truncated by a clear erosional boundary marking a hiatus in sedimen-
tation at a depth of 290 cm, clearly visible in the field. This is confirmed 
by the ages, which indicate an age discontinuity of ~90 ka, with loess 
immediately above the unconformity dated to 31 ± 3 ka. Thus, material 
formed during most of MIS 5, and all of MIS 4 and MIS3 is missing. It has 
presumably been removed, probably by slope erosion given that the site 
is located near the edge of a loess hill. While the erosional boundary is 
recognisable in the field, its duration only becomes clear as a result of 
the new chronology. 

The formation of the Eltsovka-Bagan loess (L2-L1) took place during 
a period of significant atmospheric dust accumulation between ~31 ± 3 
and ~9.1 ± 2.4, although the loess deposited after 12.4 ± 2.5 ka has 
been altered by Holocene soil formation. The ages show a relatively 
continuous process of loess accumulation. This accumulation may have 
been more rapid between ~25 and 14 ka (see also Fig. S1), corre-
sponding to peak last glacial conditions, and coinciding with a peak in 
dust accumulation in loess sequences across the Northern Hemisphere. 
In the stratigraphic scheme of South Western Siberia, the Suminskaya 
palaeosol is identified as present between the Eltsovka-Bagan (L2-L1) 
loess layers; its age has been estimated at 19–16.6 ka (Zykina et al., 
1981). If we have correctly identified the L2-L1boundary in our section, 
our model suggests an age of 20.0 ± 1.4, consistent with the older end of 
the age range suggested by Zykina et al. (1981). This palaeosol is not 
found at the Lozhok section, and the continuous chronology here in-
dicates that it was most likely not removed. Presumably the rate of dust 
accumulation was large enough to mask or prevent any soil formation at 
that time. More generally, the OSL ages confirm the accumulation of the 
Eltsovka-Bagan loess during MIS 2 and they correlate with the age of the 
regional Sartan glaciation (Volvakh et al., 2021). The Holocene soil S0 is 
found in loess that deposited from 9.1 ± 2.4 ka. 

Overall, our new chronostratigraphy based on a detailed lumines-
cence dating of the Lozhok stratotype section demonstrates that the 
previous understanding of the age of the sequence is incorrect. Rather 
than the whole exposure being Upper Pleistocene, only the upper part of 
the sequence formed during this period and a large part of the sediments 
from MIS 5 to 3 (~90 ka) is missing, presumably removed by erosion. 
The underlying sediments were formed in the Middle Pleistocene, and, 
given the many published correlations with other sections across Sibe-
ria, it seems likely that similar undetected gaps may be found elsewhere. 
The very high accumulation rates at Lozhok during MIS 2 show that dust 
accumulation in the Ob loess plateau responded to, or occurred at the 
same time as, the wider, hemispheric climate forcing that lead to sub-
stantially increased dustiness over this interval over the Northern 
Hemisphere, particularly from 25–20 ka. Rapid loess accumulation is 
also seen in the section during MIS 6 (Tulino loess). In general, sediment 
accumulation rates are lower in the interglacial soil horizons, as would 
be expected, but these are not uniform (or not uniformly preserved) in 
glacial stages. Accumulation at the site is characterised by periods of 
intense, rapid loess deposition, punctuated by longer phases with little 
accumulation, or perhaps shorter periods of erosion. To what extent this 
characterises other sections in Western Siberia requires testing. 

5. Conclusion 

Quartz OSL and K-feldspar pIRIR290 dating has been applied to 
thirty-eight samples of quartz and feldspar extracted from the Lozhok 
loess-palaeosol sequence, providing the first detailed luminescence 
chronology for Western Siberian loess. The age estimates indicate that 
the loess-soil sediments of the Lozhok section, previously considered to 
be Upper Pleistocene, were actually formed in the Upper and Middle 
Pleistocene. Moreover, the age of all the units older than ~30 ka do not 
agree with the accepted stratigraphic chart for Southwestern Siberia. 
Our results show that the erosional boundary identified at a depth of 3 m 
represents a significant depositional hiatus of about 90 ka; clearly a 
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significant part of the Late Pleistocene geological record is missing in the 
Lozhok section. The Iskitim palaeosol complex (PS1 and PS2), Tulino 
loess (L3) and Berd pedocomplex (PS4 and PS5), are significantly older 
than the previously accepted stratigraphy of this section. The lower PS5, 
described as a typical palaeosol of Kazantsevo interglacial and previ-
ously correlated with MIS 5e, in fact correlates with MIS 7. The under-
lying and overlying loess units of the pedocomplex belong to MIS stages 
8 and 6, respectively. The upper palaeosol (PS2) previously correlated 
with MIS 3 corresponds to MIS 5e. This re-evaluation of the stratotype 
section at Lozhok has major implications for our understanding of 
Middle to Late Pleistocene loess sedimentation and climate change 
throughout Siberia, and testing of whether these results are represen-
tative of the regional record is urgently required. These new data also 
hint at highly variable rates of dust accumulation at the site, being 
particularly intense during early MIS 6 and mid to late MIS 2. If found 
elsewhere, this would have implications for our understanding of dust 
generation across Southern Siberia. 
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