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Abstract

The stratotype section of Paks brickyard provides most detailed accessible loess-paleosol
sequence from almost the entire Pleistocene inrigelle part of the Carpathian Basin. The best
and thickest loess archives of Hungary (Paks, Uemaiborehole) are preserved in this part of the
basin and now two more drilling cores were deepandtiis area on plateau position on loessic
ridges: PA-1 (-85 m) and PA-Il (=50 m).

In absence of numerical dating method availabletierentire records an attempt was made to
compare the cores and correlate them to MarineopsotStages (MIS) mainly based on the
variations of their MS curves and soil charactersstCharacteristic patterns of MS seem to help the
identification of Marine Isotope Stages and thamfdghe correlation among the sections.
Macroscopic investigation of the paleosols can stdpphe correlation, although the coeval
paleosols can have different appearances due fio difeerent environmental conditions and
topographic positions. Thirteen samples were dasaglg luminescence from the upper part of the
cores, covering the age range of 20-200 ka to chedkrevise the supposed correlation. The MS
based correlation supported by soil characterist&s only partly confirmed by luminescence data.
Therefore, we emphasize that any correlation sddaged on MS data or soil morphology, without
any numerical age control, has to be taken wittatgoaution. The different thickness and the
present altitude of the coeval loess and paleosoiply differences and changes in
paleogeomorphological positions of the investigapedfiles during the Pleistocene. Significant
subsidence and/or tectonic movements are the naaises of the deficient appearance of MIS 6-3

sediments in the Paks brickyard outcrop comparekeanore complete sequences of the cores.
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1. Introduction

The loess in the Carpathian Basin belongs to timeceart of the loess belt in Europe. This
basin, enclosed by high mountain chains (Fig. fi@served sediments in large thickness from the
Miocene to the Pleistocene, therefore providestgopportunity to study the Quaternary climate
and environmental changes. The thickest and mosiplate loess-paleosol records in the
Carpathian Basin — MoSorin-Stari Slankamen (Markati al., 2011), Paks, Udvari 2A borehole
(Koloszar, 2010; Sumegi et al., 2018) — retainatinsents from late Early to Late Pleistocene. The
Paks brickyard outcrop was the foremost and upote the most investigated profile in Hungary.
Although the investigation of the profile starteidttee end of the ®century, it got into the centre
of the interest in the middle of the"2@entury (Adam et al., 1954; Stefanovits et al54;Krivan,
1955; Pécsi 1965). The outcrop has a thicknes$ oh 4bove the base of the brickyard, but Adam
et al. (1954), Stefanovits et al. (1954), Kriva®%%) and Hahn (1977) drilled shallow (<15 m)
boreholes along the loess wall to explore the lovaesl oldest loess at the base of the sequence
(Fig. 2). The Paks outcrop itself was investigateshumerous, different sections during the past
decades. It is complicated to reconstruct the ekations of these sections, since the walls
retreated due to active mining processes. Theraiigiections were excavated to various depth,
provided different successions and therefore regutt diverse interpretations. By these means and
due to paleotopographic characteristics, the diffedescriptions sometimes lack the presence of
certain paleosols (and/or other horizons) (FigTRese differences highlight the fact that borefole
provide only point-wise information and possiblathses cannot be ruled out.

Fig. 1. Map of the Carpathian Basin (a) and landreoof the surrounding area of Paks (b). Red
rectangle marks the position of the study area. Défidwing the topography of the study area (c).
Location of the Paks brickyard outcrop and the Ihales (PA-I and Il) are marked on this map.

The loess-paleosol record at the Paks brickyardroptcan be considered as a relatively
complete, quasi-continuous succession, which cositall paleosols used in the Hungarian loess
stratigraphy. The loess-paleosol succession calivmed into two main units, as the ‘Young Loess
Series’ and the ‘Old Loess Series’, as followinge thetermination of Pécsi (1975). The
classification of paleosols was made in numerougswathe Hungarian Quaternary studies, which
is summarized in Horvath and Bradék (2014). Thdiegon of the conventional soil classification
system causes some difficulties, since post-bysrakcesses may cause relevant alterations in
paleosols. Therefore, the nomenclature by Péc8i) Similarly as it was summarized by Ujvari et
al. (2014), was applied during the descriptiontcdtggraphic units in our study, because it helps a
easier follow-up especially with former publicatsofrig. 2):
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The *Old Loess Series’ has a thickness of almosh2& the Paks profile. Three reddish
clay layers represent transition towards the Pheckacustric (water-lain) sediments at
the basis of the series. The ‘Old Loess Seriessisté of mainly loess intercalated by
the following paleosols, as from down to top:

Paks-Dunakondid paleosol (PDK) is a reddish-brown, Mediterrantlam-soil with a
characteristic CaC£accumulation zone.

Paks Double pedocomplex (BIPD,) is composed of well-developed, reddish-brown to
reddish Mediterranean-like soils, with strong CaCGf@cumulation zones. The upper
component is PP which is thinner than the lower RDPD; and PD are divided by
loess, which contains large carbonate concretidiasneters > 5-10 cm). Marton (1979)
found the Brunhes-Matuyama paleomagnetic boundaid8(Ma) below PR however
later Pécsi et al. (1995) and Sartori et al. (12893%rmined the BM boundary (0.78 Ma)
from the upper part of PD

Mtp; and Mtp is a strongly developed clayey paleosol with hyadogphic features and
of a possibly alluvial origin. The over- and ungery material also shows
hydromorphic effects, especially iron and mangareseires.

Phe is a weakly developed brown forest soil.

i) The ‘Young Loess Series’ has a thickness about 28 Reaks, which contains several thick

paleosols, as from down to top:

a. Mende Base pedocomplex (MB) has two members: tiperupne is MB, which is a

thin Chernozem-like paleosol; the lower one is &inMB, and represents a brown
forest soil, which is reddish-brown in colour. Thasis of MB is sandy loess, which
shows signs of frost heaving (former segregatiamelenses).

Basaharc Lower paleosol (BA) is mostly identifiedaaforest steppe-like soil, but at the
Paks and Basaharc sections it shows the chardicieiag a strongly developed, brown
forest soil (Horvath and Bradak 2014). In the lobesveen the BA and MB paleosols
the Bag Tephra (BT) of canary yellow colour occ(P€csi 1985; Pécsi and Richter
1996). The BT is a marker horizon appearing inltless successions of the Carpathian
Basin. The high K-content suggests correlation witb Villa Senni Tuff in Italy
(around 350 ka) (Horvath 2001).

Basaharc Double pedocomplex (BD) has two membeidet] by about 1m thick loess.
The lower paleosol (BE) is a weakly developed forest steppe-like soilereas the
upper one (BB is well-developed. Characteristics of their depehent are clearly
recognizable on magnetic susceptibility curves.@&docomplex can be correlated with
MIS 7 (Horvath and Bradak 2014).
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d. Mende Upper pedocomplex (MF) can be divided into parts: the upper one (MHAs a
weakly developed forest steppe-like soil, which hah charcoal content; the lower one
(MFy) is a well-developed brown forest soil. The forimatof both paleosols happened
unequivocally after MIS 6, based on dating resultsother tephra horizon called Paks
Tephra (PT) can be found right above Mfaleosol, thus its age is around 30 ka based
on the OSL data of the loess embedding the temyer.l It has very similar heavy
mineralogical composition to the Bag Tephra, theeefthe same source area (Central
Italy) can be assumed (Horvath 2001).
Fig. 2. Lateral variation of the loess-paleosol oed at the Paks brickyard outcrop (based on
Pécsi, 1984). Several different investigated pesfiire indicated in the figure by the authors name
and the year of their investigation. Vertical blliees represent the locations of boreholes.
Crescent-shaped features between BD and BA pakewsbtate delles with various infilling.

Since the beginning of the scientific investigatafrthe loess succession at the Paks brickyard
almost all researchers made an attempt to corréleteloess-paleosol series with the glacial-
interglacial cycles mainly based on the numberhef paleosols. Krivan (1955) was the first who
based his correlation on detailed sedimentological paleontological results, since no absolute
dating methods were available at that time. A dedatker Pécsi (1965) used another assumption,
that during an interglacial always forest soil depenent takes place. His assumption seemed to be
supported by the results of the first radiocarbod thermoluminescence (TL) datings (Pécsi 1975,
1993). As luminescence dating developed continyousiw chronostratigraphy of the Paks profile
was published by Frechen et al. (1997) using iefiastimulated luminescence (IRSL) besides TL
dating. Recently Thiel et al. (2014) confirmed tbisonostratigraphy of the Paks profile with post-
infrared infrared stimulated luminescence (pIRHrdating. This practically means that each well-
developed paleosol or pedocomplex in the stratigcapolumn corresponds to the consecutive
glacial cycle. Although the pIRHg, method has a much higher dating range, it islstiited to the
upper third part of the Paks outcrop. Beneath #gs limit one still must rely on sediment
properties, like paleomagnetic orientation or maignsusceptibility curves in order to seek the
correlation of loess-paleosol series with MIS relcoBeside chronostratigraphic investigations,
other studies like geochemical (Ujvari et al., 20Iagnetic properties, soil studies (Bradak et al.
2018a,b) were carried out at Paks brickyard outaregently as well.

About 20 km W of the Paks brickyard the borehole&fd2A was drilled (Fig 1b, c). Based on
magnetic polarity radiocarbon dating and MS curfzéhe borehole Koloszar (2010), Koloszar and
Marsi (2010) and recently Simegi et al., 2018 dated the drilling with Marine Isotope Stages.
The 97 m thick sequence also covers most probdit@ysame time range as the Paks outcrop,
therefore the borehole is considered as the thi¢&ess record from the Carpathian Basin.
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The Paks brickyard outcrop (PBO) can be found enripht bank of the Danube, just right at
the edge of the loess plateau (Fig. 1.). Seveitihds were made in the adjacent area of Paks due
to the exploration of industrial investments. Twardholes were selected in this study as they are in
the vicinity of the Paks outcrop and are compodddess in large thickness. The PA-I drilling has
been deepened in higher topographic position absditm N-NW from the brickyard, on the same
loess ridge where the brickyard was formed. Contpéoethe brickyard, this area is in a more
protected position in terms of morphology as ifagher from the edge of the loess plateau (Fig.
1b). The PA-II borehole is located in the innertpafr the loess plateau, 6 km SW from the
brickyard on the top of the next parallel loesgeidFig. 1b, c) in the highest topographic position
Apart from MS data, these boreholes are lack ofenigal dating which would be necessary for the
better correlation for this area. Aims of this stade i) to document and investigate these borshole
using luminescence dating and the carotage anglysphysical borehole logging: e.g. borehole
diameter, natural gamma radiation, electrical tasise and in this study especially magnetic
susceptibility curves); ii) to make a correlatioatween these boreholes and the Paks brickyard
outcrop, (the now existing section wall, based ohiell et al., 2014); and iii) to draw

paleogeomorphological conclusions based on thes@aasons.

2. Materials and methods
2.1 Boreholes and geophysical well logging

Boreholes were deepened into the surface usingcatsimg (with a diameter of 180/146 mm for
PA-1 and 250/219 or 219/165 mm for PA-1l dependogthe depth), thus the core was mostly
undisturbed and light-tight material was availaloleinvestigation (sometimes the outer 2-3 cm of
the cores were twisted, but the inner part was Iyamact). The boreholes and as well the
geophysical logging were carried out by the Geo-Gapphysical and Environmental Ltd. In the
present study the magnetic susceptibility and &selts of electrical resistivity logging were used
from the dataset.

2.2 Stratigraphy of the cores

The stratigraphical description of both cores (P#atl PA-1l) can be found in Fig 3 a. Twenty-
one and eighteen units were identified for the sorespectively, based on field observations
considering differences in colours, grain sizerthgtions and pedogenic structures.

The PBO is a composite profile build-up of differdrassets (Fig. 3b). The uppermost part,
which expands down to the Bag Tephra (which is phithe overlying loess of the MB paleosol), is
situated in the southern wall of the brickyard. Tescription is based on the work of Thiel et al.,
2014 and Barta 2016 in this case. The lowermostfan below the BA paleosol was excavated in
the northern wall, 100 m away from the western \padifile. The description of this part was made
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after Pécsi et al. (1995).
Fig. 3. Simplified stratigraphic log of the drilleces and the Paks brickyard outcrop with
stratigraphical descriptions. a) PA-I and PA-I) BBO investigated by Pécsi et al. (1995) and the
upper part of it investigated by Thiel et al. (2Da4d Barta (2016).
2.3 Luminescence dating
2.3.1 Preparation of the samples, equipment

The time elapsed since the burial of the sedimantbe dated by luminescence. As both quartz
and feldspar minerals are abundant in loess, iansideal material for luminescence dating.
Additionally, mineral dust has long transport dmstes, thus its previous luminescence signal is
completely removed prior to deposition (Robert€&0

The preparation of the samples was conducted wwstued red light. The polymineral fine
grain fraction (4-11um) was extracted from the samples. All samples weated using 0.1 N
hydrochloric acid, 0.01 N sodium-oxalate and 30%drbgen peroxide in order to remove
carbonates, clay coatings and organic matter frben damples, respectively. The grains were
mounted either on aluminium discs or stainlesd stges.

Luminescence measurements were performed usingtamated Risg TL/OSL-DA-20 reader
at the Institute of Geography and Earth SciencebeatEotvos Lorand University. The reader is
equipped with a bialkali EMI 9235QB photomultipliasbe, IR diodesid875 nm), blue LEDs
(A=470 nm) and &’Sr P°Y B-source irradiating the samples with a dose rate0cd7 Gy/s. A filter
package of Schott BG-39 and BG-3, transmitting wenvgths between 350 and 420 nm, was placed

in front of the photomultiplier in order to detehe blue light emission for IRSL measurements.

2.3.2 Equivalent dose determination

The Post-Infrared Infrared Stimulated Luminesceatc290°C (pIRIRgg) SAR (Single Aliquot
Regeneration) protocol (Thiel et al., 2011) wasliedpfor the measurements. This method is
suitable for dating older materials, as the plRéRsignal of feldspar saturates at higher doses,
~1000 Gy, which corresponds with ~250-330 ka in egesidering a dose rate of 3-4 Gy/ka for
loess. The other advantage of this method is,ttieapIRIRgo signal of feldspar shows less or even
negligible fading (Thiel et al., 2011; Thomsen ket 2011, Buylaert et al., 2009, 2012) therefore
fading correction (Huntley and Lamoth 2001) is netessary for age determination. This protocol
includes an IR stimulation of 200 s at lower tenapare (between 50 and 250°C), then an IR
stimulation of 200 s at 290°C. The latter is usedneasure the pIRUz, signal for the equivalent
dose (RQ) determination. A preheat of 320°C for 60 s wagliad prior to stimulations. At the end
of each measurement cycle an IRSL stimulation & GZor 100 s was performed. The alues
were obtained by integrating the first 4.4 s of tR&SL decay curve and the final 50 s of the
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stimulation was subtracted to remove the backgroéndingle or double saturating exponential
function was fitted to the data points to assesdiof the aliquots.

A first IR stimulation temperature test was carmed on the lowermost and uppermost samples
from core PA-I using test doses of ~140 Gy and G420 test the BPdependency on test dose size
(Yi et al., 2016) and the first IR stimulation teempture (Buylaert et al., 2012, Yi et al., 201&8)eT
first IR temperatures were increased with 50°Caohestep between 50°C and 250°C. Figure 4 (a,
b) shows the results of the test and demonstraggttere is only a slight effect of the differéngt
IR stimulation temperatures and the test dose sizeghe IR values for the younger sample.
However, significant decrease ofe s observed for both test dose size at highett fiRs
temperatures (200°C, 250°C) in case of the oldapsa

Fading test was also carried out on the samplessess how much the pIR¥Rsignals are
affected by fading on different first IR stimulatitemperature. The test was conducted on a young
and an older sample using an artificial dose ckos¢he natural B of the samples which was
administered to the sample after bleaching. Thayiley times were ranged between 0 and 60
hours. The gdays fading rates were calculated for each aliqUime. results of the test clearly shows
that the fading rate and therefore the signal Btylis better applying higher first IR stimulation
temperature (200°C) for both samples and for beéhdose sizes (Fig. 4a,b). However, considering
other samples from the cores which were involvea tgeneral fading test applying pIRbR at
lower first IR temperature (50°C), the g-values arach better than for the previously tested
samples (ranging between 0.16 and 1.93 %/decatieoné outlier of -7.89%/decade) and a mean
of 1.45+0.22 and 0.60+0.30 %/decade were calculaspectively for cores PA-1 and PA-II. Below
~ 1.5 %/decade the fading rate is considered tadggtigible (Thiel et al., 2011, Buylaert et al.,
2012), therefore fading correction was not appliEde pIRIRg dose-response curve on Fig. 4c
also do not shows significant fading for a satutatample (PA-Il 8). The first IR stimulation
temperature was 50°C and the test dose was 140 Gy.

Dose recovery test was carried out on a relativatying sample to test whether the
measurement sequence with different test dose &tz42 Gy and ~140 Gy) and first IR stimulation
temperatures (50°C and 200°C) is successfully @biecover the previously administered dose, or
not. To avoid the effect of poor bleach-abilitytbé natural pIRIR signal the artificial beta dose
(~105 Gy) was added on top of the natural dose5-1BD Gy). Dose recovery ratio was calculated
by subtracting the natural dose from the measuose tefore dividing by the given dose. Fig. 4a
shows the dose-recovery ratios using differentrggtt The best ratio (0.99+0.01) is yielded using
50°C for the first IR stimulation temperature amgplging a test dose of ~140 Gy.

Some residual signal was observed after a 2-dalygtiaypleaching using the usual manner of
PIRIR290 SAR protocol with 50°C for the first IR temperaguand 140 Gy as a test dose. The
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observed residual signal increased with the bwage of the sample as it is shown in Fig. 4d
Residual dose against.C5imilar observations are reported by Buylaerale(2012) and Yi et al.
(2016) and following the suggestion of Buylaertakt(2012) the value of the interception of the
fitted linear was subtracted as a residual fronhehae Q-value for the age calculation.
Fig. 4. Luminescence test results & a function of the first IR stimulation temperatfor sample
PA-1 1 a), and PA-1 4 b). §aayvalues and dose-recovery results of the same ssnapé shown on
the same plots with thé®2Y-axis for them. Dose response curve of an aligfiatsaturated sample
(PA-II 8) c). Residual dose of each sample is ptbtgainst the pIRH3y De value for all samples.

Considering the results of all tests unless thetacesults the basic settings of pIR§Rdating
(using 50°C as the first IR stimulation temperafuvegh ~ 140 Gy test dose yielded the best results.
Therefore, for final @ measurements these settings were applied. Th&kplRdge estimate of a
sample was calculated by taking the mean of the Df the five-ten measured aliquots. The
PIRIR290 signal of five samples (samples PA-1 5, 6 and PA;l 6, 7) was beyond saturation
(Murray et al., 2014), therefore only a minimum ageild be calculated for these samples. Four-
five samples yielded pIRH3, age from the cores which cover the upper third pleach core.
2.3.3 Dose rate determination

The surrounding sediment was collected from eagfirlascence position to determine the dose
rate of the samples. The dose rates were obtarogdthe potassium, uranium and thorium content
of the surrounding sediment, measured by gammatrepeetry in the laboratory at the E6tvos
Lorand University, Institute of Geography and EaBtiences (Table 1). An average a-value of
0.08%£0.02 (Rees-Jones, 1995) was used for thelaitouof feldspar IRSL. A potassium content of
12.5+1% (Huntley and Baril, 1997) was applied ttrgkate the dose rate for feldspar to account for
the internal dose rate. The cosmic radiation wasected for altitude and sediment thickness
(Prescott and Hutton, 1994), assuming water conteinl5 or 20%, depending on the depth of the
sample (20% was assumed if the depth of the sawgddarger than 12 m). Dose rate conversion is
based upon the factors of Guerin et al. (2011). ddse rate of the lowermost samples of the cores
were not measured and calculated as their burmlaag far beyond the dating limit of pIRHR
method. We only assessed and average dose rateefm samples by calculating the mean of the
dose rates from the corresponding cores.
Table 1. Summary of the burial depths, radionuctidacentrations, dose rates, equivalent doses,
and mean ages of pIRIfg dating on polymineral fine-grain samples. * dosges are assumed as

the average dose rate for the core.

3. Results and discussion
3.1 Interpretation of magnetic susceptibility resuls
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The first comparison of the PA-I and PA-II drillirapres with the Paks brickyard outcrop was
carried out by applying the field description piaiband the results of the geophysical well logging
provided by the Geo-Log Geophysical and Environmlenttd. (magnetic susceptibility and
resistivity logging). In European loess sequenegsgpt some successions, paleosols are indicated
by high magnetic susceptibility compare to theirgma materials. Increasing magnetic susceptibility
is the result of authigenic magnetic minerals &agned by biogenic processes strongly connected
to pedogenesis (Maher and Taylor, 1988; Evans, 200t application of pedogenic enhancement
model in loess profile led to the generally accepbgpothesis about the relationship between
higher magnetic susceptibility and the wetter anarmer ‘soil forming’ interglacial periods.
Therefore, the patterns (shape and magnitude) ofvtations seem to help the identification of
MI stages. Besides, based on these patterns dd$heurves the same paleosols might be identified
in different loess-paleosol sections. Usually thepe and magnitude of the MS curve for the BD
soils are characteristic, it has strong double gedihe PDBR-PD,-PDK paleosol-complex is
characterised by three subsequent peaks with ddidgeak uppermost, a three-fold peak in the
middle and a weaker (smaller) peak at the bottdmes& and other distinctive peaks were identified
for both cores and matched with each-other and thighpeaks of the PBO (Fig. 5). The correlation
based on the MS patterns assumed some hiatusee@neB5 and 40 m for PA-1l and above 10 m
for PA-I), and the existence of an 'extra’ soil R¥-I between 30 and 35 m (possible re-deposition
and duplication of the previous one?). Summingngh @nsidering the Hungarian nomenclature of
the paleosols we supposed that MF is completelgings but BA is present duplicated in PA-I,
while either Mtp, or Phe is missing from PA-11 (Fig).

Figure 5. Correlation based on MS curves of thesdlaickyard outcrop (PBO) and the boreholes
PA-1 and Il. Dashed lines refer to the first attengb correlation, solely based on MS patterns.
Question marks indicate those correlations, wher@americal dating was available.
3.2 Results of luminescence dating and their consgences for the stratigraphy

The oldest burial age for PA-1 core (Fig. 6, Tab)as 174+10 ka from Unit 5, right above the
third well-developed paleosol. From below the swily the minimum age could be determined.
Therefore this thin paleosol is very likely equiesmt with the BD paleosols, despite of its
macroscopical features. However, it could not terdeéined whether this relatively thin paleosol is
the BD,, or the BD) or the superposition of both soils. The upperntdmsible paleosol was dated
indirectly from the embedding loess (below, betward above the double soil). The plRdiages
of these samples resulted in ages of 145+8 ka Aot ® from Unit 4, below the double paleosol,
86.515.9 ka for PA-I 2 from Unit 3, between the tpaleosols and 28.2+1.6 ka from Unit 2, above
the double paleosol. These ages indicate thatgperulouble paleosol is equivalent with M&nd
MF, paleosols, which formed during MIS 5 and subsetipeIS 3, unlike our first impression



314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

and correlation, based on the MS pattern and kaillacteristics of this pedocomplex (dashed lines
on Fig. 5). This clearly shows, that chronostraoinic interpretation based solely on the MS
pattern and/or soil characteristics can be mistepdNumerical ages are crucial for the reliable
correlation between sections or sections and Mjest4Stevens et al., 2018).

The two oldest pIRIRy ages from PA-II (Fig. 6) were determined from belihe uppermost
double paleosol complex. The ages (143+8 ka forllPAand 14948 ka for PA-II 3, both samples
from Unit 6) indicate that this loess was deposdedng MIS 6, therefore the thick pedocomplex
below this loess is very likely equivalent to thB Baleosol. This implication is supported by the
fact that the sample below this pedocomplex (PB;llowermost part of Unit 7) resulted only in a
minimum age, similar to the PA-I core. The uppertttmible paleosol is equivalent to the M#nd
MF; paleosols, as the pIRiR age of the sample above these paleosols (PA-Writ 2) is
28.6£1.9 ka, indicating dust deposition during M2S The youngest age from this core was
determined from just below the modern soil (Unitwlhich yielded an age of 18.6+1.2 ka. This
implies that modern soil developed in loess, whachumulated during MIS 2. The pIRK3 ages
and our first correlation based on the MS weregieeament for the PA-1I core (Fig. 5).

Comparing the pIRIRo ages of these cores to those of determined frenPBO by Thiel et al.
(2014) we can conclude that the material in theeuppst part of the PBO profile and in the cores
was deposited during MIS 3-2. The MF paleosols vetly recognised in the cores but missing
from that part of the PBO. Loess accumulated duMi§ 6 was found in both cores and the
outcrop as well. The pIRiR, ages determined from MIS 6 loess seems to be aecwrhile Thiel
et al. (2014) reported age overestimation from thast of the outcrop, possibly due to post-
depositional mixing by crotovinas. From the coredyaninimum ages were determined for the
loess below the BD paleosol, while the correspopdiample from the PBO was still within the
dating limit of pIRIRg method.

Figure 6. PIRIR90 ages of PA-l1 and PA-II cores measured in this ytadd those of the PBO
determined by Thiel et al., 2014. Cross-marks sti@ipositions of the luminescence samples.
3.3 Comparison of the PBO to the PA-1 and PA-II coes — paleogeomorphological significance

The position of the boreholes and the brickyarcciayt are compared to each other on cross-
sections (Fig. 7.), which derived from a digitaévdtion model (DEM) and were adjusted to the
height above sea level. Fig. 7 shows that bothscarel the brickyard outcrop are in a plateau
position: PA-l is in an inner part of a loess ridgerther from the river Danube, in a
geomorphologically protected location (less expasedrosion), while PBO is on the edge of this
ridge, close to the river (more exposed to erosiBAY1l is located in an inner part of an otherdse
ridge. The most secure and unequivocal connectomtddcbe made between PA-I and the PBO,
because of the shortest distance of the locations.
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Figure 7. Cross-section and stratigraphic log oé grofiles through the area of Paks. Location of
the Paks brickyard outcrop and the boreholes (Réd 11) are marked.

The PA-I core contains in its 85 m thickness all galeosols (Fig. 8) which are present in the
45-50 m thick sequence of the PBO. The MB — BA — pd)eosols are in almost similar height
above sea level in PA-1 and PBO, but all units etbe MB paleosol were formed in deeper
geomorphological position in PA-1 in comparisontie corresponding layers in the PBO (Fig. 8).
The assumed lower geomorphological position is aetsdirmed by the larger thickness and higher
degree of development of the loess units and paleo3he deeper geomorphological position
could possibly be ceased gradually with the fillung of the depression. The compensation of the
surface between PA-I and PBO ended with the pedgenf the Mende Base paleosol during MIS
11 and parallel depositional environment is supgdsethe subsequent glacial periods until MIS 7.
The reason of the filling up could be connectedntyaio a higher rate of sediment accumulation,
which happened through aeolian transport (loessmdton), and probably by sheet wash, mass
movements or the combination of these processes d€&pression was possibly present before the
beginning of the deposition of these layers, propétwrmed during the beginning of the Early
Pleistocene. By the end of the Pleistocene a religfrsion can be observed between the areas of
the PA-I core and the PBO. The uppermost third pfaitie loess record preserved in PA-I has three
times larger thickness than that preserved in PB@.Basaharc Double paleosol is the only unit in
the entire sequence which is less developed in RBArhpared to PBO. Especially the loess
deposited on the BD paleosols and the MF pale@selpreserved in bigger thickness in PA-I. The
period between MIS 6 and 3 is scarcely representdte PBO, in some parts it is preserved in ~ 1-
2 m thickness (see in Pécsi et al. 1995), but mesparts it is completely missing (see in Thiel et
al., 2014). The loess deposited during MIS 3-2dgen almost similar thickness (~ 10 m) in both
sequences. The inequality in sedimentation durii® B3 can be explained by i) considering
higher sedimentation rate in the vicinity of PAdre and/or less significant deflation due to its
more protected plateau position, while the envirentmof PBO was probably closer to a wind
channel between the two loess ridges in slopeipogEig. 1 c); ii) there was significant erosion,
which translocated the greater part of MIS 6 — MISleposits (signs of slope wash or mass
movement processes are frequent in this part obtiberop); iii) the combination of the previously
mentioned two processes. The reasons for interesoar could be connected to local reasons,
otherwise it must have affected the adjacent ge@asind PA-1), as well.

» Theoretically, the sinking of the foreground of fbess plateau might give explanation for

the recent plateau edge position of the brickyartrop and the tendency for erosion. The
reason of the sinking is a dynamic subsidence extwiestern marginal part of the Great

Hungarian Plain (along the actual course of therrianube, South of Budapest) which
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caused the Palaeo-Danube to gradually shift wedsmMaom the axis of its previous alluvial
fan and occupied its present course at the endeoPteistocene. The timing of the shift is
evidenced by the presence of the youngest (Latechgelian or Tll/a) terrace along the
present Danube Valley in the Great Hungarian RR&csi 1959, Gabris et al. 2012). The
shifting of the course of the river Danube causeddut off of the steep Eastern edge of the
loess ridges. This high bank has an elevation & mBhigher than the floodplain of the
Danube. However, between the recent course ofithe Danube and the high bank there is
a 3-4 km wide flood free terrace surface, and iilgh And low floodplains of the Danube in
both directions, South and North, from Paks. Thiy erRception is the area of PBO, where
the river Danube directly flows in front of the higoank. This might imply that the
subsidence is probably ceased or slowed down ioslall parts of the Western margin of
the Great Hungarian Plain, but the area of PBO,ravliee subsidence could be more
significant or long lasting. This might have causled significantly less loess preservation
of the PBO from the MIS 6-3 period and the erodialiscordances of the PBO. However,
recent study of Téth et al. (2018) along the loweurse of the Danube in the Great
Hungarian Plain showed that major periods of sudrsid could be dated around 20 ka and 7
ka. These results support the above mentioned gyjleé al., 2003; Gabris et al., 2012)
results and make the above outlined theory questien as thick sediment succession was
preserved from MIS 3-2 at the PBO.

More probable reason, that the periodic intensgyactivity of the local fault zone in
Eastern direction from the edge of the loess platgaPaks amplified the denudation of the
plateau edge (based on geophysical investigatibiaks 1. Zrt. Telephely engedélyezési
dokumentacio. Il. koétet/ 5. fejezet).

During the Middle Pleistocene increasing tectorutivity in the Carpathian Basin and its
surrounding were suggested by various studies. l@&oical investigations from the PBO
(Ujvari et al., 2014) showed that enhanced physérakion of the source areas due to
tectonism caused increasing dust sedimentatiothfotast 0.4 Ma (equal to 'Young Loess
Series’). Buggle et al. (2013) described some giham the characteristics of paleosols by
the possible influence of tectonic activity and gepesis during the early Middle
Pleistocene in the Middle and Lower Danube Bashesg results may support the theory
about the connection between tectonic activity #wedobserved denudation events.

Comparing the PA-II core to PA-I and PBO we canatode that the lower 20-25 m thick part

416 of the PA-lIl core and the PBO profile has similaeds and paleosol thicknesses, however,

417 differences occur in the degree of developmentatégsols. The high similarity presumes identical

418 formation conditions in terms of geomorphology. Theer part of the PA-1 core (~ 55 m) has
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much larger thickness than that of the PA-II cer@7 m), but this difference is almost levelled off
for the BA-BD paleosols. The loess-paleosol sucoass PA-II preserved the sediment of the MIS
6 — MIS 3 period in large thickness (almost 10 mjilarly to PA-l. PA-Il contains the Mende
Upper 1-2 paleosols as well, but only in a weakévaloped state. Those loesses, which are
younger than 30 ka, have almost similar thicknagsoth cores (12 and 10 m). This indicates that
during the last two glacial cycles the sedimentagavironment in the area of the two cores were
quite similar, both were in plateau position, whéunst accumulation was dominant over deflation.
Figure 8. Correlation of the profiles (PBO, PA-I&RA-II) based on pIRIi3, ages and MS curves.
Coeval horizons are connected. Question marks @eithose connections where no numerical
dating was available. Profiles are placed accordingheir elevation above sea level.

The core of Udvari-2A (Koloszar, 2010; Koloszar altérsi, 2010; Sumegi et al., 2018)
contains the loess-paleosol sequence until thelF38/(~PDK) soil almost in the same thickness
as the core of PA-I, though it is 30 km away frdre study area. Although some of the loess units
are thicker or thinner, but all together both cqge=sserved the same thickness of sediment and soils
(80-85 m) during the last ~0.9 Ma. These best preseloess-paleosol sequences imply that the
average accumulation rate for the Carpathian Bemitd be around 9.8 cm/ka for the last 0.9 Ma,
with a slight difference for the Old Loess Seribstiveen MIS 21- MIS 12): ~7.8 cm/ka and for the
Young Loess Series (between MIS 11- MIS 2): 11.&am

4. Summary

The Paks brickyard key section is considered as ainthe most complete loess-paleosol
sequence, available in an outcrop in Hungary. Récemo drillings were carried out in the vicinity
of the outcrop. The investigation of the borehglesvides a good opportunity to compare them
with each other and with the brickyard key sectidg.a backbone of an unequivocal correlation of
various successions, it is crucial to apply nunardating methods, as luminescence dating, even
though its limit is ~250-300 ka for Hungarian loessDue to the limitation of numerical dating
methods and as a support of the lithostratigraplmaelation, data from geophysical well logging,
such as magnetic susceptibility and resistivitygiog, can also be a useful tool. Although our
correlation, based on MS curves and the physicalacieristics of paleosol, was only partly
confirmed by luminescence data (Fig. 8).

Our main findings during the correlation of the leaction and the cores can be summarized as

follows:



451 « Correlation based only MS values and/or paleosatatdteristics without any numerical age

452 control can be misleading.

453 » The correlation revealed very thick loess sedimerigrom the Early to Late Pleistocene,
454 PA-I core is one of the thickest and most detaiteithe Carpathian Basin.

455 * The uppermost units of the PBO differ from the saope of the PA-1 and PA-II cores, since
456 it very likely contains hiatuses between MIS 6 81d 90 — 40 ka). This can be explained i)
457 by intensified erosion (by water or mass movemeunitshe Eastern edge of the loess ridges
458 caused by either the gradual shifting of the ril@nube to Western direction due to
459 significant subsidence of smaller sub-basins at dddge of the Great Hungarian Plain
460 (although new and old dating results pointed oat this probably happened around 20 ka,
461 which is not consistent with the hiatuses at PBiD)r we can assume large denudation
462 event(s) during the period of MIS 6-3 which canchased by tectonic movements (renewed
463 activity of a longer, NE-SW fault zone and/or anjgishorter, N-S strike fault), iii)
464 additionally decreased sedimentation rate and/gnifstant denudation should also be
465 considered for the vicinity of PBO due to its pmity to a wind channel.

466
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Figure captions

Figure 1. Map of the Carpathian Basin (a) and land covahefsurrounding area of Paks (b). Red
rectangle marks the position of the study area. Ddbllwing the topography of the study area (c).
Location of the Paks brickyard outcrop and the boles (PA-I and Il) are marked on this map.
Figure 2. Lateral variation of the loess-paleosol recordhat Paks brickyard outcrop (based on
Pécsi, 1984). Several different investigated pesfiire indicated in the figure by the authors name
and the year of their investigation. Vertical blunes represent the locations of boreholes. Créscen
shaped features between BD and BA paleosols iredsltes with various infilling.

Figure 3. Simplified stratigraphic log of the drill-coreqch the Paks brickyard outcrop with
stratigraphical descriptions. a) PA-I and PA-I),RBO investigated by Pécsi et al. (1995) and the
upper part of it investigated by Thiel et al. (2DaAd Barta (2016).

Figure 4. Luminescence test resultsy Bs a function of the first IR stimulation temperat for
sample PA-I 1 a), and PA-I 4 b).,&values and dose-recovery results of the same sangpe
shown on the same plots with th& X-axis for them. Dose response curve of an aliqpfo
saturated sample (PA-1I 8) c). Residual dose ohaatnple is plotted against the pIRJFD. value

for all samples.

Figure 5. Correlation based on MS curves of the Paks baickyputcrop (PBO) and the boreholes
PA-1 and II. Dashed lines refer to the first atténop correlation, solely based on MS patterns.
Question marks indicate those correlations, whereumerical dating was available.

Figure 6. PIRIR290 ages of PA-1 and PA-Il cores measurethis study and those of the PBO
determined by Thiel et al., 2014. Cross-marks sti@m\positions of the luminescence samples.
Figure 7. Cross-section and stratigraphic log of the pesfithrough the area of Paks. Location of
the Paks brickyard outcrop and the boreholes (RAdlll) are marked.

Figure 8. Correlation of the profiles (PBO, PA-1 and PAdased on pIRIR, ages and MS curves.
Coeval horizons are connected. Question marks atalithose connections where no numerical

dating was available. Profiles are placed accortbripeir elevation above sea level.

Table caption
Table 1L Summary of the burial depths, radionuclide coteions, dose rates, equivalent doses,



626 and mean ages of pIRIR dating on polymineral fine-grain samples. * doates are assumed as

627 the average dose rate for the core.



Sample ID |Depth (m) Water cont. (%) | Th-232 [ppm] Ulppm ] K [%] Dose rate PIRIRz00De PIRIRzs02ge
[Gy/ka] ts.e. [Gy] ts.e. [ka]
PA-11 9.2 15 + 5 1220 + 0.14 | 350 + 003|161 + 002|404 £ 0211141 = 20 282 + 16
PA-1 2 14.7 20 + 5 1113 £+ 013 | 296 + 0.02]1.25 + 001} 323 + 018 279.8 + 113 | 8.5 + 59
PA-13 17.2 20 +* 5 1044 + 012 | 282 + 0.02]139 + 002|323 £ 0.17]469.1 =+ 100]| 145 =+ 8
PA-14 30.4 20 + 5 1325 + 0.15 | 310 £ 0.02]1.71 + 002|385 + 020]|669.1 + 174 | 174 + 10
PA-15 39.6 359 = 1.79 > 1000 > 250-300
PA-1 6 43.8 3.59 + 1.79 > 1000 > 250-300
PA-11'1 1.7 15 + 5 937 + 0.11 | 286 + 0.02] 107 + 001} 3.16 = 0.18] 58.7 =+ 1.9 186 + 1.2
PA-11 2 6.0 15 + 5 1052 + 0.13 | 335 £ 003|125 + 002] 354 + 020| 814 <+ 16 230 = 14
PA-11 3 11.4 15 =+ 5 1152 + 013 | 341 + 002|140 + 0.01 | 337 £+ 0.18] 96.2 =+ 38 286 + 1.9
PA-11 4 17.3 20 + 5 1095 + 0.12 | 3.03 £ 0.02]144 + 001] 339 + 018 5052 + 4.3 149 + 8
PA-11 5 20.7 20 +* 5 1234 + 014 | 336 = 002|169 + 002|384 £+ 020 549.7 =+ 126 | 143 =+ 8
PA-11 6 25.6 3.54 + 1.58 > 1000 > 250-300
PA-11'7 325 3.54 + 1.58 > 1000 > 250-300
PA-11 8 38.5 3.54 + 1.58 > 1000 > 250-300
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035950 m: groyish-yellow locss with mm-sized biogallerics. Redox features
appearing scarcely.

9.50-14.40 m: dark brown paleosol (11.70-13.15 m) with its gradual upper (9.50-11.70
m) and lower (13.15-14.40 m) transition zones. Common presence of manganese
nodules, hypocoatings, carbonate coatings and mm-sized carbonate concretions.

o

14.40-14.90 m: brownish-yellow loess, shows certain transitional habit between the
Unit 2 and Unit4 paleosols.

w

14.90-1875 m: reddish-brown palcasol (15.70-16.90 m) with its upper (14.90-15.70
m) and lower (16.90-18.75 m) transition zones. The structure of the paleosol is
homogenous, only its upper 41) cm is disturbed. Presence of secondary carbonates is
only

IS

18.75-30.80 m: yellowish-grey sandy loess with sand intercalation between 20.00-
23.50 m. Slight lamination between 27.70-28.80 m, possibly connected to former
frost heaving processes.

o

=N

30.80-32.50 m: brown palcosol with pinkish shade (30.80-31.90 m) and its lower
transition (31.90-32.50 m).

32.5041.90 m: greyish-yellow loess with weakly granular structure (sandy loess
7 between 33.80-38.50 m)_ Presence of cm-sized biogalleries with reddish infilling in
its lowermost 1.4 m.

41.9043 25 m: reddish-brown paleosol (41.90-42.83 m) with cm-sized biogallerics
§ and presence of hypocoatings. Lower transition zone (42.85-43.10 m) and CaCOs
accumulation zone (43.10-43.25 m) are also present.

43.2548.50 m: greyish-yellow loess/sandy loess with the presence of hypocoatings
and calcified root cell structures.

©

48.50-51.50 m: reddish-brown paleosol (49.20-49.50 m) with its upper (44.45-49.20
m) and lower (49.50-51.50 m) transition zones. The upper transition is ochre yellow
10 in colour, whereas the lower transition is yellowish brown. A thin carbonate bench is
present between 50.40-50.50 m. Signs of former frost heaving processes are present
as lamination between 50.50-51.30 m.

51.50-53.00 m: greyish-yellowish loess with higher fine sand component. Carbonate
appear in its lowermost 15 cm.

11

.
12
13
14 ]

15

53.00-56.00 m: reddish-brown sandy paleosol (53 50-53.80 m) with the presence of
hypocoatings, carbonate coatings. Carbonate concretions have reddish shade. Pebbles

12 gppear in its uppemmost 10 em. Presence of the upper (53.00-53.50 m) and lower
(53.80-56.00 m) transition zones. Slight lamination between 54.20-54.60 m.

13 56.00-59.60 m: grey silt with fine sand component between 57.20-39.60 m.

59.60-62.00 m: brown paleosol with reddish patches (60.40-61.65 m). which is

14 composed of clayey silt and is strongly cemented. Presence of its upper (59.60-60.40
m) and lower (61.65-62.00 m) transition zones.

62.00-72.30 m: greyish-yellow clayey material (62.00-66.70 m) with strong signs of
15 hydromorphic processes (64.35-65.20 m), which changes to be greyish-yellow silt
(66.70-72.30 m). Between 639 and 642 m high amount of large carbonate

ions can be found.

72.30-73.00 m: brownish Toess (72.30-72.50 m), which changes t be yellowish loess
16 (72.50-73.00m).

3.00-75.60 m: reddish-brown paleosol with Tew Tos (73457400 m),
17 w.[h its upper transition zone (73.00-73.45 m) and CaCO accumulation zone (74.00-
m).

75 cm?zs m: reddish-brown to greyish-ycllow loess, with fine sand componcnt
between 75.60-76.60 m. Cm-sized biogalleries are present with reddish infilling.

77.25-79.00 m: reddish-brown paleosol (77.25-78.60 m) with fine sand component
19 turning to be silty according to depth. Signs of sirong bioturbation and soil structure
is visible in krotovinas. Presence of CaCO; accumulation zone (78.60-79.00 m).

79.00-80.65 m: light reddish-brown silt with fine sand component (79.00-76.60 m),

20 which seems to represent the lower part of a former paleosol. Presence of a CaCOy
accumulation zone (79.60-79.95 m). Yellowish-reddish sand layer turning greyish-
yellow with depth (79.95-80.65 m).

o 80.05-84.10 m: reddish-brown paleosol with sand component, with slight lamination

between 81.70-81.80 m.
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00150 m: dark brown modern sol, which gets lighter in colour with depth.
Presence of b and carbonate coatings.

2 1.50-13.10 m: yellowish-grey | dy loess with b

13.10-1340 m: brown paleosol with manganese dots, secon carbonates
(hypocoatings, carbonate coatings, calcified root cells) and charcoal. Krotovinas with
loess infilling.

13.40-14.00 m: dominantly yellowish loess, which already shows the transitional
characteristics with depth. Presence of krotovinas with soil infilling.

1
x 2
X

S
X

6
X

14.00-15.60 m: weakly developed light brown palcosol (14.00-14.30 m) with
5 molluses, secondary carbonates (hypocoatings, caleified root cells) and chareoal.
Presence of its lower transition zone (14.30-15.60 m)

loesswith I

6 15.60-22.50 m: greyish-yell and carbe

22.50-26.65 m: presence of multiple paleosol horizons. Brown paleosol (22 50-22.80
m) with its lower transition zone (22.80-23.40 m) and CaCO; accumulation zone
(2340-23.60 m). Material is missing between 23.60-24.10 m due ta drilling

7 technigue. Light reddish-brown paleosol (24.10-24.40 m) with its strongly calcareous
€aC0; accumulation zone (24.40-25.50 m). Material is missing between 25.05-
25.90 m due to drilling technique. Presence of a CaCO; accumulation zone between
25.90-26.65 m.

8 26.65-28.80 m: greyish-yellow loess with manganese dots.

288031 40 m: double paleosol Pinkish brown paleosol (25.50-29.60 m), which

X g geisa reddish shade according to depth. Presence of its CaCO; accumulation zone
10 (30.10-30.50 m). Brown (slightly yellowish) paleosol (30.50-31.10 m) with
1 secondary carbonates and its CaCO; zone (31.10-31.40 m).
12 10 31.40-33.70 m: greyish-yellow loess.
5 33.70-34.90 m: reddish-brown palcosol (33.70-34.10 m) with its CaCO; accumulation.
x 14 zone (34.10-34.90 m).

12 34,90-35.80 m: light brownish-vellow loess with molluscs.

13 33:80:36.00 m: light brownish-yellow loess, which contains muliple Tayers of
carbonate which gives hints on the existence of a paleosol horizon.

14 36.00440.50 m: light brownish-yellow loess with molluscs.

40.50-42.92 m: reddish-brown paleosol (40.70-41.30 m) with its lower transition zone
(41.30-42.00 m) and CaCO; accumulation zone (42.00-42.92 m).

16 42.92-44.40 m: yellowish-brown loess.

44.40-47.40 m: multiple light reddish-brown paleosol horizons. Uppermost paleosol

(4440-45.00 m) with molluscs and its CaCO; accumulation zone (45.00-45.10 m).

17 Middle paleosol (45.10-45.70 m) with its CaCO; accumulation zone (45.70-46.05 m).

Lowermost paleosol (46.05-46.50 m) with its CaCO; accumulation zone (46.5047.40
m).

47.40-52.50 m: yellowish brown fine sand (47.4048.00 m) and reddish sand turning
18 yellowish according to depth (48.00-52.50 m).
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Units

PBO by Pécsi et al. 1995

0.0-0.5 m: modern soil as zonal Chemozem with its CaCO, accumulation zone
(Pési etal., 1995).

PBO by Thiel et al. 2014 and Barta, 2016.

0.5-10.5 m: structured fine sandy loess. Sand intercalations between 3-4 m;
sandy delle infilling at 5 m: presence of an embryonic soil between 64-6.6 m.

3 10.5-11.14 m: Mende Upper 1 paleosol (chestnut steppe soil) with its CaCO,
accumulation zone.

11.5-11.8 m: Mende Upper 2 paleosol (crumby, embryonic soil) with its
CaCO, accumulation zone. Minor stratigraphic hiatus below this unit.

0.10-8.30 m: locss uni different appearances. Pale grey to yellow loess with
granular structure and no signs of stratification between 0.10-0.56 m. Partly stratified
loess in pale brown colour with biochannels between 5.60-6.10 m. Stratified loess in
brownish colour between 6.10-6.90 m. Pale yellow laess appears with the presence of

! multiple reddish, calkified bands between 6.90-7.50 m. Brownish, loose loess
between 7.50-7.90 m. Presence of a compact, reddish clayey band between 7.90-8.00
m. Homogeneous, pale yellow loess was characteristic of the depth of 8.00-8.30 m.
(Barta 2016)

5 12.4-13.3 m: Basahare Double 1 paleosol (crumby, dark chesmut soil) with its
CaC0, accumulation zone.

8.30-10.20 m: chocolate brown palcosol (9.40-10.00 m), with the common presence
2 of manganese and krotovinas of laessic infilling. Its upper (830-9.40 m) and lower
(10.00-10.20 m) wansitions were also observable. (Barta 2016)

14.2-15.1 m: Basaharc Double 2 paleosol (similar steppe soil to BD ) with s
CaCO, accumulation zone.

YU [

16.0-23.1 m: sandy loess, typical locss and loessy sand; with delle infillings
7 (marked by red lines).

3 10201070 m: Toess with krotovinas, especially carthworm ifillings. (Thie et al,
2014)

4 10.70-11.40 m: chocolate brown paleosol, which is rich in krotovinas in its CaCO;
accumulation zone. (Thiel etal., 2014)

~

23.3-25.1 m: Basaharc Lower palcosol (chestnut, chocolate coloured soil)
with its CaCO, on zone (containing large loess dolls).

11.40-18.40 m: loess, which is intercalated by two reddish layers (~14.50 and ~16.80
m), which may probably be reworked soil material. (Thicl et al., 2014)

9 26.0-29.0 m: moderately structured, compact loess.

29.331.3 m: Mende Base | paleosol (crumby, chestnut paleosol; 29.3-30.0 m)
with transitional layer to Mende Base 2 paleosol (reddish, chestnut paleosol:
30.0-31.3 m) containing CaCO, ion zone.

§ 18:40-19.10 m: chocolate brown, reworked paleosol, which allows clear stratigmphic
identification due to the underlying Bag Tephra at 19.40 m. (Thiel etal., 2014)

31.3-32.6 m: Phe, palcosol (steppe soil; 31.3-32.6 m) with an upper part as
light grey, embryonic soil and a CaCO, accumulation zone, which is followed
by the lower paleosol part as light brown steppe soil.

[~

32.6-34.2 m: old loess.

34.2.35.1 m: Phe, palcosol (rusty brown sandy forest steppe soil) with sharp
I e bt (i),

10

|4 35.1-36.8 m: Mip, (crumby steppe soil; 35.1-35.9 m) and M, (songly
clayey Chemozem soil; 35.9-36.8 m) paleosols superimposed on each other.

11

36.840.4 m: old loess with pedificd parts (marked by grey) and remnants of
15 i
embryonic sl horizons (grey, checkered).

lley-bs floodplain paleosol (chocolate brown, Paks

12

40.441.2 m
alluvial soil; 40.4-41.2 m) with stratified coarse sand below (41.2-41.4 m).

14

|7 #1:243.7 m: pale yellow loess with the Paks Double 1 paleosol (chestnut
steppe soil; 41.242.3 m).

15

18 43.745.2 m: Paks Double 2 (reddish chestnut steppe soil).

19 45.2-48.9 m: moderately structured old loess with the CaCO, accumulation
zone of PD,.
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Equivalent dose (Gy)

Equivalent dose (Gy)

LTy

Dose (Gy)

140 5.00
S & = ] i
120 4.00
@ ® o
L]
100 3.00
80 2.00
m
60 : = 1.00
% H
40 0.00
20 + -1.00
0 -2.00
0 50 100 150 200 250 300
First IR stimulation temperature (°C)
800 5.00
700 2 » 2 4.00
=
600
§ 3.00
®
500 M
: 2.00
400 ] %
1.00
300
200
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First IR stimulation temperature (°C)
45.00
_ f(x) = 0.048x + 7.602
= % 4000
—
/fm/" 35.00
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1 / 15.00
f 10.00
PA-1l 8 500 4
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@ Test dose: 42 Gy
® Test dose: 140 Gy

M Fading rate (td:
42 Gy)

M Fading rate (td:
140 Gy)

A Dose recovery
(td: 42 Gy)

A Dose recovery
(td: 140 Gy)

PA-1 1

@ Bst dose: 42 Gy
@ Bst dose: 140 Gy

MFading rate (td:
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M Fading rate (td:
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