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Abstract

Loess-paleosol sediments are among the best terrestrial recorders of Quaternary climate change. Magnetic properties of
continuously sampled profile near Kaolinovo (NE Bulgaria) are studied for revealing the evolution of the local
environmental conditions during the last 450ky. Magnetic characteristics, including magnetic susceptibility, frequency
dependent magnetic susceptibility and laboratory induced anhysteretic and isothermal remanences, were measured for
continuously sampled section. Variations with depth of all parameters show their high sensitivity to cyclic alteration
between cold glacial and warm interglacial stages during the Middle Pleistocene in the region. The relative magnetic
enhancement of paleosol units points to changing humidity of the past four interglacials, consistent with the records of
global climate change.
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KJ'HO‘{OBPI IlyMl/[: Mar"H€Tus3bM, OKHCH Ha XKCJIA30TO, JIbOCOBO-TIOYBCHH CCIMMCHTH, ITAJICOKJIMMAT, KBaTepHep
Pe3rome

JIbOCOBO-TIOUBCHHUTE CCUIMCHTHU Ca C€IHHU OT Haﬁ-HO6pHTe ApXMBHU Ha HM3MCHCHUATA Ha KIIMMaTa IPE3 KBATCpHEpA.
W3cnenBaHO € MOBEIEHMETO Ha MAarHUTHUTE CBOMCTBA B JBJIOOYMHA MO JILOCOBO-NOYBEH NpOodWII OT paiioHa Ha
KaonmunoBo (CH bwarapus) 3a uzyuaBaHe M3MEHEHHATA B OKOJHATa cpefa 3a mocneaaute 450 xum.r. [Iposenenu ca
U3MEpPBaHUA HA Ha6op OT MarHuTHU MMapaMeTpu, BKIIIOUBAIIM MariuTHa Bb3NMPUEMYNBOCT, YCCTOTHO-3aBCHMAa MaronuTHa
BB3IPUEMYHBOCT U JTAOOPATOPHO CH3AaNEeHN OE3XMCTEpPEe3NCHA W M30TEpPMHUYHA HAMArHUTEHOCTH 332 BCHYKH HUBA OT
ompoOBaHMA HENMpeKbCcHaTo Tpodmi. BapmanunTe Ha BCHYKM MAarHWTHH XapaKTEPHCTHUKH IIOKAa3BaT BHCOKA
YYBCTBUTETHOCT CIPSAMO PEIYBAHETO HA JIbOCOBH U NAJIEONOYBEHN XOPU3OHTH, KOUTO €A CBBP3aHU C [IUKJINYHATA CMSHA
Ha CTYyJE€HM TIJIAlMalHU C TOIUIM WMHTEprIalUalHd €HNOXH MIpe3 cpelHus muedcrouneH. OTHOCUTENHATa CTENEH Ha
TIeJIOTeHHO MarHUTHO 00OTaTsBaHEe Ha MaJICONOYBEHUTE XOPU30HTH IT0Ka3Ba HAIMYMETO Ha U3MEHEHUs B XyMHUIHOCTTA
Ha MHTEpIIIalHaINTe, ChOTBETCTBAILO U Ha OOLINMTE TEHICHIMH B IIT00ATHUTE KIMMAaTHYHI U3MEHEHUSI 38 TO3H TE0JIOKKHI
HEPUOJT OT BpEME.

Introduction

Loess sediments are common terrestrial Quaternary deposits in the mid-latitudes. The most typical feature of
the loess sediments is the dominance of the silt fraction (between 60 and 90%) in their grain size distribution.
Build up of sequences of successive loess deposits and interbedded paleosols are the response of the Earth’s
system to global climate oscillations during the Quaternary (Pye, 1995; Muhs, 2013). European loess deposits
are valuable source of palaeoclimatic information (Forster et al., 1996; Jordanova and Petersen, 1999; Panaiotu
et al., 2001; Jordanova et al., 2007; Antoine et al., 2013; Markovic et al., 2015 and references cited therein).
With the pioneering work of Heller and Liu (1984) the research on magnetic properties of the loess/paleosol
sediments as records of past climate changes started. Notwithstanding the numerous valuable research on this

42


mailto:bojurkageorgieva@abv.bg
mailto:bojurkageorgieva@abv.bg

@ X HauuoHanHa KoHdepeHuus no reodmsmnka, 04 oHn 2021
X National Geophysical Conference, 4th June 2021

topic (Markovic et al., 2015), there are still fundamental problems to solve, such as revealing the exact
mechanism of the pedogenic iron oxides formation in response to pedogenesis that starts as climate change
from glacial to interglacial (interstadial). Widely applied quantitative paleoclimate reconstructions based on
the magnetic enhancement of paleosols are based on the assumption that soil formation is accomplished
through continuing dust accumulation (Maher et al., 2003). In such regime, pedogenesis and formation of
pedogenic iron oxides proceed through the assimilation of the newly settled dust during the pedogenic
development itself. This finding allows making a direct correlation between the magnetic signature and climate
components, considering that the other soil-forming factors (time and parent rock) do not change during that
period and do not influence the soil properties. This requires that the process of pedogenic magnetic
enhancement reaches saturation relatively fast so that it realistically reflects environmental conditions during
the soil formation (Maher and Thompson, 1995). In this contribution we show new mineral and rock-magnetic
data for a loess-paleosol sequence at Kaolinovo (NE Bulgaria) which reveal the history of climate change and
eolian dust dynamics in the area during the last 450 ky.

SITE DESCRIPTION AND METHODS

Loess deposits in Bulgaria are part of the lower Danube loess area, which belongs to the European loess belt
(Haase et al., 2007) (Fig. 1a).

Figure 1. a) Loess cover in Bulgaria in the context of the spread of European loess belt (modified from Haase et al., 2007);
b) Photograph of the upper part of the loess-paleosol sequence at Kaolinovo quarry.
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The full loess paleosol complex in NE Bulgaria is represented by the Holocene soil (So), seven loess horizons
(L1 to L7) and six interbedded paleosols (S: to Sg) (Evlogiev, 2007). Inspite of the already published works on
other profiles from the Bulgarian loess (Jordanova et al., 2008, 2011), establishment of new records improve
significantly our robust knowledge on the role of regional, local and global environmental factors in
determining the magnetic signature of loess-paleosol sediments.

Kaolinovo profile was sampled in an open pit quarry for kaolin extraction (Fig. 1b). The sampling covers the
uppermost 12m of the deposits, which encompass So, L1, S1, L2, Sz, L3, and Ss4 units. Vertical sections were
cleaned from the surficial weathered material, removing about 50cm thick layer. Profile was described and
bulk loose material was continuously sampled at 2cm resolution. After laboratory air drying, material was
sieved through 2mm sieve and used for laboratory magnetic measurements.

Magnetic susceptibility of the bulk material was measured on MFK — 1A susceptibility bridge (AGICO,
Czech Republic) at 200 A/m field and two working frequencies — 976 Hz and 15616 Hz. The material was
filled into standard 10 cm3 plastic cylinders. Low-field mass specific magnetic susceptibility (y) is calculated
using sample’s weight and the measured susceptibility at lower frequency. Frequency-dependent magnetic
susceptibility g is calculated as the difference between the measured susceptibilities at low and high
frequencies. This parameter is commonly used as an indicator for the presence of viscous superparamagnetic
ferrimagnetic iron oxides (ymmon anx O3gemup, 1997). Laboratory magnetic remanences were measured on
cubic samples with standard 2x2x2 cm size. The samples were prepared by mixing 2 g of dry powdered
material with gypsum and water and left to harden in plastic molds, which were subsequently removed.
Anhysteretic remanent magnetization (ARM) was imparted using a Molspin AF demagnetizer with a 100 mT
AF field superimposed on a 0.1 mT DC field. Isothermal remanent magnetization (IRM) in 2 T field and
subsequent -100 mT and -300 mT back fields have been acquired along the z-axis in IM-10-30 pulse
magnetizer (ASC Scientific, USA). Magnetic remanences were measured on JR-6A automatic spinner
magnetometer (AGICO, Czech Republic) with a sensitivity of 2x10°% A/m
Magnetic mineralogy was deduced by continuous thermal demagnetization of magnetic susceptibility
(thermomagnetic analysis) (K(T)) with heating from room temperature up to 700°C and cooling back at heating
rate of 10deg/min using CS-23 furnace attached to KLY-2 kappabridge (AGICO, Czech Republic). Curie
(Neel) temperatures of the main iron oxides are identified through their unblocking and K-decrease at certain
mineral-specific characteristic temperatures.

RESULTS AND DISCUSSION

Robust interpretation of variations of magnetic parameters along loess-paleosol profiles as paleoclimate
proxies require firm identification of the type and grain size of the strongly magnetic iron oxides, carrying the
pedogenic magnetic signal. This task is accomplished in the present study by thermomagnetic analysis of
magnetic susceptibility (Fig. 2). Representative results for loess and paleosol samples are shown, revealing
major drop of the signal at 580 — 600°C, characteristic as Curie point of magnetite (oxidized magnetite). Recent
soil So exhibits also another noticeable K-decrease at 450°C, suggesting the occurrence of thermal
transformation of unstable strongly magnetic maghemite to weakly magnetic hematite (Dunlop and Ozdemir,
1997). The increase of susceptibility upon cooling reflects probably appearance of new magnetite like minerals
as a product of thermal destruction of initial clay minerals in the presence of organic matter. Such strong
transformations are not observed in the samples from the lower part of S; and loess L., probably because of
significantly lower content of secondary clay minerals and organics. The results point out that pedogenic
magnetite and maghemite are the major carriers of the enhanced magnetic properties. Consequently, depth
changes in the concentration of magnetite and maghemite will reflect qualitatively the contrast between more
humid interglacial conditions from arid and cold glacials.

Depth changes of a set of concentration dependent magnetic parameters and ratios are shown in Fig. 3.
Magnetic susceptibility (y), frequency-dependent magnetic susceptibility (xw«), ARM, IRMyr show
synchronous behavior with depth. Each one of these parameters is sensitive to the presence of ferrimagnetic
fraction in a certain magnetic domain state. Namely, the superparamagnetic (SP) fraction dominates in yq;
single domain (SD) fractions contribute the most to ARM; multidomain (MD) grains have major share in
IRM_7 (Liu et al., 2012). Increase of these magnetic parameters are observed in all soils (Holocene soil and
the three paleosoils) (Fig. 3) as generally observed in most loess-paleosoil sequences elsewhere (Maher, 2016).
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The highest pedogenic magnetic enhancement is expressed by maxima within the S; and S; paleosols (Fig. 3).
Lower pedocomplex (Ss-4 ) is characterized by smaller enhancement.
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Figure 2. Thermomagnetic analysis of magnetic susceptibility k (x10 SI) for representative samples from the uppermost
7m of the loess paleosol profile at Kaolinovo. Heating curve is shown in red, cooling — in blue color. Right y-axis
corresponds to susceptibility during cooling in cases when strong mineralogical changes at high temperature cause
increasing susceptibility as a result of appearance of a new heating-induced strongly magnetic phase.
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Figure 3. Depth variations of concentration dependent magnetic parameters along Kaolinovo profile. Enhanced content
of pedogenic strongly magnetic fraction is deduced by systematically higher values in paleosols’ horizons.

The observed clear stratigraphic distinction between loess horizons and paleosols allow for reliable correlation
of Kaolinovo profile with the available paleoclimate records of global sea surface temperature (stacked oxygen
isotope record 80 of bentic foraminifera by Lisiecki and Raymo, 2005). Further important age constrains of
the section are available through carried out IRSL dating of the upper three loess horizons by Balescu et al.
(2020). The obtained ages of 45+2ka for Li; 167+7ka for L, and 296+17ka for Lz suggest that these loesses
were formed during cold marine isotope stages MIS 2-4, MIS 6 and MIS 8. The proposed correlation of
Kaolinovo record with earlier paleomagnetically studied Viatovo profile (Jordanova et al., 2008) and global
paleoclimate record is shown in Fig. 4. Similar behavior of magnetic characteristics along depth of the
Holocene soil and S; paleosol along with their matching in field description suggest that much higher
maximum magnetic enhancement in S1 is due to persistence of more humid and warm conditions during the
last interglacial period as compared to modern climate. This conclusion is consistent with the observations in
other European paleoclimate records (Maher, 2016). Similarly, high magnetic enhancement in older paleosol
S, formed during MIS7 is also indicative for a more humid climate, while lower enhancement in Ss.4 points to
some degree of aridization during MIS 9-11. Such a trend could be deduced only for MIS 11 in Viatovo record,
suggesting that local conditions for dust accumulation and pedogenesis may influence the paleoclimate
significance of magnetic susceptibility.
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Figure 4. Correlation of magnetic susceptibility record along Kaolinovo profile with global stacked LR04 record of bentic
580 for the last 800ka (Lisiecki and Raimo, 2005) and magnetic susceptibility record from Viatovo quarry (Jordanova et
al., 2008) along with paleomagnetically identified Matuyama/Brunhes (M/B) geomagnetic reversal. The three PIR-IR
dates of Kaolinovo profile (Balescu et al., 2020) are also shown. Dashed line indicates the level of dense CaCOj;
concretions levels in Viatovo and Kaolinovo, marking the position of pedogenically transformed or eroded loess unit L4.
Warm interglacial stages are indicated by red numbers.

Acknowledgements: This study is financially supported by project KI1-06-H34/2 funded by Bulgarian
National Science Fund.

47



@ X HaupnoHanHa KoHdbepeHLua no reodusmka, 04 toHm 2021
X National Geophysical Conference, 4th June 2021

References:

Antoine, P., Rousseau, D.D., Degeai, J.P. Moine, O., Lagroix, F., Kreutzer, S., Fuchs, M., Hatté, C., Gauthier,
C., Svoboda, J., Lisa, L., 2013. High-resolution record of the environmental response to climatic
variations during the Last Interglacial-Glacial cycle in Central Europe: the loess—palaeosol sequence of
Dolni Vestonice (Czech Republic). Quat. Sci. Rev. 67, 17-38.

Balescu, S., Jordanova, D., Brisson, L.F., Hardy, F., Huot, S., Lamothe, M. 2020. Luminescence chronology
of the northeastern Bulgarian loess-paleosol sequences (Viatovo and Kaolinovo). Quaternary
International, 552, 15 — 24.

Dunlop D. and Ozdemir, O., 1997. Rock Magnetism. F undamentals and Frontiers, ed. D.Edwards, Cambridge
Studies in Magnetism, Cambridge University Press.

Evlogiev, Y., 2007. Evidence for the Aeolian Origin of Loess in the Danubian Plain. Geologica Balkanica, 36,
3-4,31-39

Forster, T., Heller, F., Evans, M.E., Havlicek, P., 1996. Loess in the Czech Republic: magnetic properties and
paleoclimate. Stud. Geophys. Geod. 40, 243-261.

Haase, D., Fink, J., Haase, G., Ruske, R., Pécsi, M., Richter, H., Altermann, M., Jiager, K-D., 2007. Loess in
Europe — its spatial distribution based on a European Loess Map, 1:2 500 000. Quat. Sci. Rev., 26,
1301-1312.

Heller, F., Liu, T., 1984.Magnetism of Chinese loess deposits. J. R. Astron. Soc. 77, 125-141.

Jordanova, D., Petersen, N., 1999. Palaeoclimatic record from loess-soil section in NE Bulgaria. Part I: Rock-
magnetic properties. Geophys. J. Int. 138, 520-532.

Jordanova, D., Hus, J., Geeraerts, R., 2007. Palaeoclimatic implications of the magnetic record from
loess/palaeosol sequence Viatovo (NE Bulgaria). Geophys. J. Int., 171, 1036-1047.

Jordanova, D., Hus, J., Evlogiev, J., Geeraerts, R., 2008. Palaeomagnetism of the loess/ palaeosol sequence in
Viatovo (NE Bulgaria) in the Danube basin. Phys. Earth Planet. Inter. 167, 71-83.

Jordanova, D., Jordanova, N., Grygar, T., 2011. Rock magnetic and DRS characteristics of loess palaeosol
sediments from Bulgaria and their link to palaeo-environmental conditions. In: The Earth’s Magnetic
Interior. IAGA Special Sopron Book Series, Volume 1. Petrovsky, E., Herrero-Bervera, E.,
Harinarayana, T., Ivers, T. (Eds.). 1st Edition, 2011, XVIII, Springer Science+Buisness Media B.V.,
399-412.

Lisiecki, L.E. and Raymo M.E., 2005. A Pliocene-Pleistocene stack of 57 globally distributed benthic d180
records, Paleoceanography, 20, PA1003, doi:10.1029/2004PA001071.

Liu, Q., Roberts, A., Larrasoaiia, J., Banerjee, S., Guyodo, Y., Tauxe, L. and Oldfield, F., 2012. Environmental
Magnetism: Principles and Applications. Reviews of Geophysics, 50, RG4002.

Maher, B. and Thompson, R., 1995. Paleorainfall reconstructions from pedogenic magnetic susceptibility
variations in the Chinese loess and paleosols. Quat. Res., 44, 383-391.

Maher B.A., Yu H.M., Helen Roberts H.M., Wintle A.G., 2003. Holocene loess accumulation and soil
development at the western edge of the Chinese Loess Plateau: implications for magnetic proxies of
palaeorainfall. Quat. Sci. Rev., 22, 445 — 451.

Maher, B.A., 2016. Palaeoclimatic records of the loess/palaeosol sequences of the Chinese Loess Plateau.
Quaternary Science Reviews 154: 23 — 84.

Markovi¢ S. B., Stevens T., Kukla G., Hambach U., Fitzsimmons K., Gibbard P., Buggle B., Zech M., Guo
Z., Hao Q., Wu H., O'Hara Dhand K., Smalley 1., Ujvari G., Stimegi P., Timar-Gabor A., Veres D.,
Sirocko F., Vasiljevi¢ D.A., Jary Z., Svensson A., Jovi¢ V., Lehmkuhl F., Kovacs J., Svircev Z., 2015.
Danube loess stratigraphy — Towards a pan-European loess stratigraphic model. Earth-Science
Reviews, 148, 228 — 258.

Muhs, D.R., 2013. Loess and its geomorphic, stratigraphic, and paleoclimatic significance in the Quaternary.
In: Shroder, J. (Editor in Chief), Lancaster, N., Sherman, D.J., Baas, A.C.W. (Eds.), Treatise on
Geomorphology. Academic Press, San Diego, CA, vol. 11, Aeolian Geomorphology, pp. 149-183.

Panaiotu, C.G., Panaiotu, C.E., Grama, A., Necula, C., 2001. Paleoclimatic record from a loess—paleosol profile
in southeastern Romania. Phys. Chem. Earth A 26, 893-898.
Pye, K., 1995. The nature, origin and accumulation of loess. Quaternary Science Reviews, 14, 653-657.

Thompson, R., Oldfield, F., 1986. Environmental Magnetism. Allen&Unwin, London.

48



