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Abstract

Purpose

Loess in Northern Italy has been usually considered deposited during the MIS 4-2 period, which
corresponds to the last Pleistocene glacial cycle. In particular, no absolute dating evidenced loess
depositions older than ca. 89 ka. We investigated two strongly rubified soil profiles in the southern margin
of the Alpine range in Lombardy to prove their aeolian origin and age of formation.

Methods

We analysed the granulometry of all genetic horizons of these strongly rubified soils and a total of 8
samples were collected for luminescence dating purpose.

Results

Most of the analysed soil horizons were dominated by silt and were characterized by the s-shaped
granulometric curve, typical of loess materials. A particularly high clay content evidenced a strong
weathering degree. A deep horizon was particularly clay-rich and it was interpreted as a typical Terra-Rossa
horizon. Luminescence dates increased with depth, reaching 122 ka for the deepest loess layer and 453 ka
(minimum age) for the Terra-Rossa horizon.

Conclusions

The deepest observed loess layer represents the oldest quantitatively dated aeolian deposition in Northern

Italy up to now.
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1 Introduction

Loess is a prevalently silty sediment transported by wind, usually in glacial periods, during which the
grinding action of glaciers on the enclosing rocks was active and fluvio-glacial sedimentation occurred on
large surfaces in proglacial braided stream beds; these barren areas acted as deflation sources for great
amounts of silty materials, which could be deposited in dust traps, which were more vegetated, stable
surfaces (Pye 1995; Li et al. 2020). After deposition, loess was subjected to erosion, solifluction,
cryoturbation and pedogenesis (Muhs and Bettis 2003).

A large loess belt covers much of mid-latitude Eurasia (Haase et al. 2007). The presence of loess in northern
Italy has long been historically neglected or underestimated (e.g., Haase et al. 2007; Muhs 2013) in the
international scientific literature, but the presence of a loess basin between the Alps, the Apennines and
the Dalmatian coast is well known (Cremaschi 1988). Usually, this loess cover is considered to be deposited
between the Wiirm alpine ice stage and the Late Glacial, between MIS 4 and MIS 2 (e.g., Costantini et al.
2018; Cremaschi et al. 1990; Ferraro 2009; Zhang et al. 2018). Most dated loess deposits in the Po plain (fig.
1) show that aeolian depositions have been active since 60 ka, at the onset of full glacial conditions in MIS 4
(Cremaschi et al. 2015). A more ancient loess layer on an isolated hill in the central Po Plain in Lombardy
had an OSL date of 89 £ 9 ka (MIS 5b), while nearby alluvial sands and gravels were slightly more ancient,
dated back to 107 + 13 ka - MIS 5d (Panzeri et al. 2011). Much older, dated loess covers are widespread in
other European areas, such as Germany (Kreutzer et al. 2012), Austria (Preusser and Fiebig 2009), and
Serbia (Markovic et al. 2011).

Some northern Italian loess sections, however, have been attributed to the Middle Pleistocene or even
earlier periods, but no absolute dating is available in the literature. For example, Busacca and Cremaschi
(1998), based on pedogenic and magnetostratigraphic evidences, attributed ca. 400.000 years of age to
some loess layers in the southern Po Plain margin. In the Lanzo alluvial fan (Torino), Billard and Orombelli
(1986) attributed some loess sections to the 5th glacial stage, corresponding to 1.8-1.0 Ma BP (MIS 63-23).
Recently a thick and strongly rubefied silty deposit was locally found on some slopes of Monte Orfano, an

isolated hill on the northern margin of the Po Plain, a few km south of Lake Iseo (Brescia province,
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Lombardy). Our aim was, thus, to check if this silty deposit was actually loess (using granulometric analysis)
and to date its deposition using luminescence methods both on quartz (OSL) and feldspars (IRSL, Infrared

Stimulated Luminescence).

2 Material and methods

2.1 Study area characterization

The Monte Orfano is an isolated relief, located on the northern edge of the Po Plain, south of Lake Iseo,
west of Brescia and east of Bergamo, Lombardy (fig. 1). Its ridge has an elongated shape in the prevailing
WNW-ESE direction and has a maximum elevation at 452 m a.s.l. The maximum cross width is 1,200 m. The
northernmost point of the mountain has a latitude 45°35’40.5” N and a longitude 9°56'12" E; the
southernmost one is 45°33’49.9” N and 9°59°08.6" E. The occurrences, although discontinuous, of loess
cover, with a thickness up to a few meters, and Terra Rossa soils make the site interesting for the study of
the Quaternary paleoenvironments of Northern Italy, the Po Plain and the Alpine and Apennine fringes.
The hill is composed of a single geological formation called "Conglomerato di Monte Orfano" (MOC), an
orthoconglomerate with massive to poorly-bedded arrangement of pebbles and cobbles of limestones,
marly limestones, chert, cherty limestones, radiolarites, dolostones, sandstones and few volcanic
fragments, with carbonatic cement. (Sciunnach et al. 2010). It was recently dated to the Late Oligocene
(Sciunnach et al. 2010), while in the past its age was believed to be between Early and Middle Miocene
(Vecchia and Cita 1954). The clasts, mainly derived from sedimentary Norian and Aptian formations, were
deposited in a shallow-marine fan delta during the uplifting front of the Southern Alps, without significant
lithological variations in the different sedimentary strata with the exception of rare intercalations of
decimetric layers of sandstones and marls (Sciunnach et al. 2010).

The climate (1960-1990 data) in nearby Chiari weather station (located an elevation of 148 m a.s.l.) is
characterized by an average yearly temperature of 13.5°C, a total mean precipitation of 946 mm, with
equinoctial maxima and a primary winter minimum and a secondary summer one. The moisture regime for
the described soils, calculated with the Newhall method (Newhall 1972), is Udic according to Soil Taxonomy
rules (Soil Survey Staff 1998). The sites of the two profiles are covered by Castanea sativa Mill. mixed with
Robinia pseudoacacia L. woodlands, presently unmanaged but coppiced in the past. While other sectors of
the hill are terraced, in our sites there are no terrace remnants, it is thus unlikely that the sites were ever

used for agriculture.

2.2 Field and laboratory methods
Two soil sections were investigated: the loess section (LS) located at 410 m a.s.l., with latitude 45°35'24.9” N

and longitude 9°56’57.6” E; and a Terra Rossa soil profile (TR) located at 310 m a.s.l., 45°34’39.70"” N,
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9°58’31.83” E. The LS section was opened with an excavator, down to a depth of ca. 4.8 m, in the upper part
of a west-facing slope. The TR section was located in a middle steep slope facing north-east. Different soil
horizons were recognized and described (table 1, fig. 2), according to the FAO (2006) guidelines. Soil samples
were taken from the main pedogenic horizons, treated with 20% H,0, solution for 3 days (until complete
disappearance of bubbles) and, after adding a 5% Na-hexametaphosphate solution, particle size was
measured by sieving and sedimentation using a hydrometer according to ASTM standards (ASTM D 422). The
analysis was carried out in the Pedology lab in the DISAT, Milano Bicocca University. The results were shown

as cumulate curve using a base 2 cologarithmic scale for equivalent diameters (Krumbeind scale).

2.3 Luminescence measurements

Optically stimulated luminescence dating methods can be used to estimate the time elapsed since buried
sediment grains were last exposed to daylight. Luminescence has been successfully applied, in the last
decade, on loess and Terra Rossa-like sequences in Italy (Andreucci et al. 2012; Zucca et al 2014) and Europe
as well (Guerin et al. 2017; Zhang et al. 2018; Stevens et al. 2020). It is based on the measurement of the
electric charges trapped in mineral grains since the time of the sediment deposition, as a consequence of the
irradiation due to the natural radioactivity field. The upper age limit is normally controlled by saturation of
the luminescence signal. Because the natural OSL signal from quartz extracted from most of the Monte
Orfano samples was close to the limit of saturation, the K-feldspars were chosen as dosimeters in
luminescence dating. K-feldspar IRSL signals, in fact, normally saturate at higher doses than quartz (Wintle

and Murray 2006).

Samples for OSL analysis were collected using specific core samplers able to get undisturbed soil materials at
least 30 cm from the vertical surface of the soil pit, at different depths. In particular, we collected undisturbed
soil samples at six depths in LS, and two in TR profile (table 2). In order to separate quartz from K-feldspars

(grains size 180-250 um), samples were prepared following the conventional procedure (Lang et al. 1996).

To measure the annual radiation dose provided to the sample from the radioactive elements surrounding it,
Th and U concentrations of each sample were measured with total alpha counting using ZnS scintillator discs
(Aitken 1985), assuming a concentration ratio Th/U equal to 3. Content of *°K was hypothesized from the
total concentration of K measured with flame photometry. Attenuation of the beta dose (Bell 1979) and a
probable water content of the loess were taken into account (table 2) while alpha contribution was
eliminated by an HF etching (10%; 30 minutes). The cosmic ray contribution to the final dose rate was based
on Prescott and Hutton (1994). The K internal radioactivity on K-feldspar grains contributing to the final

dose rate was calculated assuming a K content of 12.0 £ 0.5% (Huntley and Baril 1997).
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The measurements were performed with an automated luminescence system (Risg@ TL/OSLDA-20) equipped
with a 90Sr/90Y beta source delivering 0.11 Gy/s (+ 3%) to the sample position. Feldspars IRSL was stimulated
by an array of IR LEDs (830 + 10 nm; 360 mW/cm?2) and detected through a blue filter (Schott BG39/Corning
7-59 filter combination). The Single-Aliquot Regeneration (SAR) dating protocol (Murray and Wintle 2000)
was applied using different protocols to analyse samples along the studied profiles. In particular, from the
top of the profiles downward, the postinfrared-IRLS (pIRIR) at 150°C protocol was used to analyse TR25 and
LS 40 samples (Reimann and Tsukamoto 2012), while the pIRIR at high temperature (290°) was selected for
TR100 and LS 120 samples (Buylaert et al. 2012). For all the other samples (LS 170, LS 270, LS 350 and LS 440)
the Multi-Elevated-temperature MET-postIRIR procedure was applied (Li and Li 2011) using multi-steps of
IRSL measurements with increasing stimulation temperature from 50 to 250°C. At high stimulation
temperatures (200 and 250°C), the MET-pIRIR Equivalent Dose (De) reached a plateau and these values were
used for age determination. For all samples, the measured residual doses were subtracted from the
calculated D. and negligible anomalous fading was achieved. OSL-IRSL measurements were performed at the
Department of Materials Science of the University of Milano Bicocca and at the Luminescence Dating

Laboratory of the University of Sassari, Italy.

3 Results and discussions

The main morphological properties of the investigated soil profiles are shown in table 1. The LS soil profile
was very thick (more than 4 m), and it included at least 4 main pedogenetic discontinuities separating
different stratigraphic units, in which different soil forming processes created different types of horizons (Bw,
Bt and Btx horizons). The limit between the different stratigraphic units was usually clear and linear, it was
abrupt only between the surface Bw horizon and the underlying Bt one. The deep 4Bt horizon had a small
guantity of stones (chert fragments), evidencing a partial mixing with slope materials. Nearby, close to rock
outcrops, Terra Rossa horizons (strongly rubified horizons with Munsell colour of 2.5YR 3/6 or 4/6,
particularly rich in clays) and weakly developed plinthites were observed as well. The abrupt lateral limit
between thick loess covers and shallow Terra Rossa soils on rock outcrops was likely associated with tectonic
activities, even if no data nor precise map is available at the moment. According to the WRB taxonomic
system (IUSS Working Group WRB 2014), the LS profile can be classified as Rhodic Alisol (Siltic) over Rhodic

Fragic Luvisol (Siltic, Profondic) over Rhodic Luvisol (Loamic).

The TR profile was shallower, limited by hard rock at ca. 170 cm. Two discontinuities were immediately
visible, between the light-coloured, silt and sand-rich EB horizon and the underlying red, silt- and clay-rich
2Bt1 horizon, and between this latter and the redder, clayey and stone-rich 3Bt below. The limit between

the two upper stratigraphic units was irregular, with glossae, possibly derived by root channels. The stone
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fragments, observed mainly in the EB and 3Bt horizons, are composed of chert, which is resistant to
weathering. According to the WRB taxonomic system (IUSS Working Group WRB 2014), the TR profile can be

classified as Chromic Cambisol (Siltic) over Rhodic Luvisol (Clayic).

The granulometric analysis in the LS profile showed that all soil horizons down to 410 cm of depth were
dominated by silt, but with an increasing clay fraction (fig. 3, table 3) with depth. All samples in the LS
profile are also slightly richer in clays, thus their curve falls into the range of weathered loess, in which
pedogenesis (clay lessivage and illuviation) and mineral weathering caused an important increase in the
clay fraction. The curve is also typical for reworked loess deposits in Northern Italy (Cremaschi et al. 1987),
slightly enriched in sand. The EB horizon in the TR profile has a curve compatible with a colluvial loess
mixed with slope materials (particularly rich in sand), in agreement with its stone content (Costantini et al.
2018); the granulometric composition could resemble the upper layer of the Central European cover beds
(Semmel and Terhorst 2010). Below, the 2Bt1 horizon was mainly silty and its curve clearly resembles the
one characterizing most LS soil horizons, while the 3Bt3 one was mainly clayey (clay 59.9%, table 3),
evidencing a mainly non-aeolian origin. Some Terra Rossa soils in Italy have higher clay contents (e.g. Priori
et al. 2008; D’Amico et al. 2015), as it often happens when soils are mainly derived from the residuals of
dissolution of limestones. However, the MOC is rich in non-calcareous materials, such as chert and

sandstone fragments, which are likely related with the not-so-high clay content in the 3Bt3 horizon.

Luminescence dating results showed that surface soil horizons are recent (table 2). In particular, TR-EB
horizon has an age of ca. 2.7+0.8 ka; LS-Bw horizon is a bit older (7.7 + 1.6 ka). IRSL shows that this horizon
has been isolated from sunlight since the Early-Middle Holocene. Both horizons are, however, derived from
reworked materials, and they likely include Late Glacial loess mixed by slope processes and tree uprooting.
In both horizons, the presence of loess is verified by texture and granulometric curves; however, TR EB has a
quite large stone content. The red, clay-rich 3Bt3 horizon in the TR profile was much older. In fact, both quartz
and K-feldspar are saturated or close to saturation. The minimum age is 453 ka, thus this profile started its

formation at least in Marine Isotopic Stage MIS 12 (Middle Pleistocene), or even in older periods.

In LS soil, the 2Bt3 horizon, at ca. 120 cm depth, has an age of ca. 40 ka (39 £ 4 ka). This loess layer was thus
deposited during MIS 3, corresponding to a glacial period preceding the Last Glacial Maximum. The lower
part of the same horizon (2Bt3), at a depth of ca. 170 cm below the surface, with age of ca. 48 + 3 ka, is
formed in a loess layer still apparently deposited during MIS 3. The 3Btx3 horizon at 270 cm depth,
particularly enriched in Fe-Mn coatings and with a different glossae orientation compared to the 2Bt3 horizon
above, had an older deposition age, dating back to ca. 83 + 6 ka (MIS 5a or early MIS 4). The same horizon,
but at 350 cm depth, had a slightly older age, dating back to ca. 105 + 8 ka (MIS 5c or MIS 5d). The underlying

6
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4Bt horizon, which did not have fragic properties, was deposited 122 + 10 ka BP (MIS 5e or MIS 6), perhaps

reaching back to a previous glacial period.

As it frequently happens in Italian loess covers, no loess-paleosol sequence is recognizable (with the notable
exception of Monte Netto, Zerboni et al. 2015). Loess covers deposited in different periods are all
pedogenized and are part of complex polygenetic soils (Costantini et al. 2018), and only differences in
pedogenic features are recognizable. This could be explained by a possible truncation of profiles during
erosive periods, or because each loess deposition was not thick enough to allow isolation of deeper soils from

the surface pedogenesis during following biostasy periods.

The at least Middle Pleistocene age of the 3Bt horizons in the TR profile is in agreement with the age of red
soils in Central European loess areas; for example, Buggle et al. (2014) found that Early and Middle
Pleistocene interglacials had climatic conditions favouring the formation of hematite, and red paleosols in
loess-paleosols sequences were formed in MIS 11 and older. The red colour of the more recent 2Bt2, 3Btx
and 4Bt horizons in LS soil (with IRSL ages younger than ca. 125 ka), however, are not explainable in the same
way. This is in contrast with Busacca and Cremaschi (1998), who found 2.5YR colours only in the deep alluvial
substrate, deposited between 400 and 780 ka (MIS 11-17). MIS 3 paleosols in the southern Po Plain Apennine
margin, formed during temperate interstadial conditions, did not become redder than 7.5YR (Zuffetti et al.

2018).

Quite a large number of samples appear as deposited during temperate interstadial periods (i.e. LS 270 and
LS 350 deposited during MIS 5a and 5c respectively) or even during the warm Eemian interglacial (LS 440,
dated from MIS 5e). In particular, it is well known that the climatic conditions during the Eemian were
warm and humid in the Po Plain, normally leading to strongly weathered and rubified soils (e.g. Ferraro
2009; Zerboni et al. 2015). The plant cover was presumably thick forest (Klotz et al. 2003), and the small
glaciers in the Alps associated with the slightly higher temperatures compared to the Holocene (Pons et al.
1992) were likely producing little amounts of sediments, in a similar way to what is happening during the
Holocene. Thick loess deposits were thus unlikely forming during that period. Strong erosive processes,
able to deeply rejuvenate the soil layer were unlikely as well under the thick forest cover. Loess deposition
needs colder and drier climates with lower vegetation cover, which permit the existence of large deflation
surfaces. Thus, an underestimation of the oldest loess deposition periods cannot be excluded due to mixing
caused by tree uprooting or other slope morphodynamic processes. Likewise, loess deposition of the deep
LS 4Bt horizon during full glacial conditions in MIS 6 or older is thus much more likely than during the warm
interglacial MIS 5e. In the same way, LS 3Btx3 (350 cm in depth) could be better attributed to MIS 5d,
characterized by slightly colder and drier conditions than MIS 5c¢c (Wohlfahrt 2013). Considering a
hypothetical age underestimation in our deep samples would make our results comparable to other dated

loess-paleosols sequences in Europe (e.g. Novotny et al. 2011).
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4 Conclusions

Our results show that the deepest loess layer in LS profile (122 + 10 ka) on Monte Orfano appears to be the
oldest loess deposit among those quantitatively dated in Northern Italy (Cremaschi et al. 2011, 2015; Livio
et al. 2014; Peresani et al. 2008; Zerboni et al. 2015; Frigerio et al. 2017; Costantini et al. 2018), between
the Alpine margins and the Apennine fringe. In fact, the oldest published numerical ages until now are
those of Ghiardo terrace (Reggio Emilia, Italy), which is 81.6 + 10.9 ka BP (Cremaschi et al. 2015), and the
San Colombano one, which is 89 *+ 8.8 ka (Panzeri et al. 2011). Northern Italian loess cover seems to have
been deposited between MIS 4 and MIS 2 (Costantini et al. 2018), even if most European loess-paleosols
sequences started their formation in Early or Middle Pleistocene. Thus, based on our results, we can
assume that loess deposition was actually active in the Po Plain also before MIS4, as assumed only by soil
properties by many older studies (e.g. Coudé-Gaussen 1990; Billard and Orombelli 1986) and by more
recent ones (Negri et al. 2020), but never verified by numerical dates. The pedogenic and paleoclimatic

implications of our results will be analysed in a following paper.

Aknowledgements
We would like to thank the Municipalities of Cologne and Rovato (Brescia, Italy) for their logistical
cooperation on this research, Claudio Zucca and Marco Ruffini for their contributions to the field surveys,

Fabio Moia for laboratory supports, Valter Maggi and Roberta Pini for their useful scientific suggestions.

References

Accorsi CA, Baroni C, Carton A, Cremaschi M, Filippi N, Magnani P, Maggi V, Nisbet R (1990) The loess at the
Apennine fringe. In: Cremaschi M (ed) The loess in Northern and Central Italy: a loess basin
between the Alps and the Mediterranean region. C.N.R., Centro di Studio per la Stratigrafia e

Petrografia delle Alpi Centrali, Milano, Italy, pp. 73-101.
Aitken MJ (1985) Thermoluminescence dating. Oxford Univ. Press, Oxford

Bell WT (1979) Attenuation factors to absorbed dose in quartz inclusions for thermoluminescence dating.

Ancient TL 8:2-13. https://doi.org/10.1111/j.1475-4754.1979.tb00241.x

Billard A, Orombelli G (1986) Quaternary glaciations in the French and Italian piedmonts of the Alps. Quat
Sci Rev 5:407-411. https://doi.org/10.1016/0277-3791(86)90205-2



263
264
265

266
267
268

269
270
271

272
273
274

275
276
277

278
279

280
281
282
283

284
285
286

287
288

289
290
291
292

Buggle B, Hambach U, Miiller K, Zoller L, Markovié¢ SB, Glaser B (2014) Iron mineralogical proxies and
Quaternary climate change in SE-European loess-paleosols sequences. Catena 117:4-22.

https://doi.org/10.1016/j.catena.2013.06.012

Busacca A, Cremaschi M (1998) The role of time versus climate in the formation of deep soils of the
Apennine fringe of the Po Valley, Italy. Quat Int 51-52:95-108. https://doi.org/10.1016/51040-
6182(97)00036-0

Buylaert JP, Jain M, Murray AS, Thomsen KJ, Thiel C, Sohbati R (2012) A robust feldspar luminescence dating
method for Middle and Late Pleistocene sediments. Boreas 41:435—-451.

https://doi.org/10.1111/j.1502-3885.2012.00248.x

Costantini EAC, Carnicelli S, Sauer D, Priori S, Andreetta A, Kadereit A, Lorenzetti R (2018) Loess in Italy:
Genesis, characteristics and occurrence. Catena 168: 14-33.

https://doi.org/10.1016/j.catena.2018.02.002

Coudé-Gaussen G (1990) The loess and loess-like deposits along the sides of the western Mediterranean
Sea: genetic and palaeoclimatic significance. Quat Int 5:1-8. https://doi.org/10.1016/1040-
6182(90)90020-5

Cremaschi M (1987) Paleosols and Vetusols in the Central Po Plain (Northern Italy). A study in Quaternary

geology and soil development. Edizioni Unicopli, Milano

Cremaschi M (1988). The loess in Northern and Central Italy: a loess basin between the Alps and the
Mediterranean regions. In: Cremaschi (Ed), The loess in Northern and Central Italy: a loess basin
between the Alps and the Mediterranean regions. Quaderni di Geodinamica Alpina e Quaternaria

1:15-19

Cremaschi M, Fedoroff N, Guerreschi A, Huxtable J, Colombi N, Castelletti L, Maspero A (1990) Sedimentary
and pedological processes in the Upper Pleistocene loess of Northern Italy. The Bagaggera

Sequence. Quat Int 5:23-38. https://doi.org/10.1016/1040-6182(90)90022-V

Cremaschi M, Rodnight H, Zerboni A, Spétl C (2011) Loess in Northern Italy. New insights on dating,

environment, and archaeology. Il Quaternario 24:95-97

Cremaschi M, Zerboni A, Nicosia C, Negrino F, Rodnight H, Spotl C (2015) Age, soil-forming processes, and
archaeology of the loess deposits at the Apennine margin of the Po plain (northern Italy): New
insights from the Ghiardo area. Quat Int 376:173-188.
https://doi.org/10.1016/j.quaint.2014.07.044


https://doi.org/10.1016/1040-6182(90)90020-5
https://doi.org/10.1016/1040-6182(90)90020-5
https://doi.org/10.1016/1040-6182(90)90022-V

293
294

295

296
297

298
299
300
301

302
303
304

305
306

307
308

309
310
311

312
313
314

315
316

317
318

319
320

D’Amico ME, Catoni M, Terribile F, Zanini E, Bonifacio E (2015) Contrasting environmental memories in

relict soils on different parent rocks in the south-western Italian Alps. Quat Int 418:61-74
FAO (2006) Guidelines for Soil Description, 4th edition. FAO, Rome, Italy

Ferraro F (2009) Age, sedimentation, and soil formation in the Val Sorda loess sequence, Northern Italy.

Quat Int 204:54-64. https://doi.org/10.1016/j.quaint.2008.12.002

Frigerio C, Bonadeo L, Zerboni A, Livio F, Ferrario MF, Fiorao G, Irace A, Brunamonte F, Michetti AM (2017)
First evidence for Late Pleistocene to Holocene earthquake surface faulting in the Eastern
Monferrato Arc (Northern Italy): Geology, pedostratigraphy and structural study of the Pecetto di
Valenza site. Quat Int 451:143-164. https://doi.org/10.1016/j.quaint.2016.12.022

Haase D, Fink J, Haase G, Ruske R, Pécsi M, Richter H, Altermann M, Jager KD (2007) Loess in Europe - its
spatial distribution based on a European loess map, scale 1:2,500,000. Quat Sci Rev 26:1301-1312.
https://doi.org/10.1016/j.quascirev.2007.02.003

Huntley DJ, Baril MR (1997) The K content of the K-feldspars being measured in optical dating or in

thermoluminescence dating. Ancient TL 15(1):11-13

IUSS Working Group WRB, 2014. World reference base for soil resources 2014: international soil

classification system for naming soils and creating legends for soil maps. FAO, Rome.

Klotz S, Guiot J, Mosbrugger V (2003) Continental European Eemian and early Wiirmian climate evolution:
comparing signals using different quantitative reconstruction approaches based on pollen. Glob

Plan Change 36:277-294. https://doi.org/10.1016/50921-8181(02)00222-9

Kreutzer S, Fuchs M, Meszner S, Faust D (2012) OSL chronostratigraphy of a loess-palaeosolsequence in
Saxony/Germany using quartz of different grain sizes. Quat Geochronol 10:102-109.
https://doi.org/10.1016/j.quageo.2012.01.004

Lang A, Lindaner L, Kulin R, Wagner GA (1996) Procedures used for optically and infrared stimulated

luminescence dating of sediments in Heidelberg. Ancient TL 14(3):7-14

Li B, Li SH (2011) Luminescence dating of K-feldspar from sediments: a protocol without anomalous fading

correction. Quat Geochronol 6:468-479. https://doi.org/10.1016/j.quageo.2011.05.001

Li Y, Shi W, Aydin A, Beroya-Eitner MA, Gao G (2020) Loess genesis and worldwide distribution. Earth Sci.
Rev. 201:102974. https://doi.org/10.1016/].earscirev.2019.102947

10


https://doi.org/10.1016/j.quaint.2016.12.022
https://doi.org/10.1016/j.quascirev.2007.02.003
https://doi.org/10.1016/j.earscirev.2019.102947

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
349
350

Livio FA, Berlusconi A, Zerboni A, Trombino L, Sileo G, Michetti A M, Rodnight H, Sp6tl C (2014) Progressive
offset and surface deformation along a seismogenic blind thrust in the Po Plain foredeep (Southern

Alps, Northern Italy). ] Geophys Res Solid Earth. https://doi.org/10.1002/2014JB011112

Markovi¢ SB, Hambach U, Stevens T, Jukla JG, Heller F, McCoy WD, Oches EA, Buggle B, Zoller L (2011) The
last million years recorded at the Stari Slankamen (Northern Serbia) loess-palaeosol sequence:
revised chronostratigraphy and long-term environmental trends. Quat Sci Rev 30:1142-1154.

https://doi.org/10.1016/j.quascirev.2011.02.004

Muhs DR (2013) Loess deposits, origins and properties. In Elias DA (Ed): Encyclopaedia of Quaternary
Science, 2nd Edition. Elsevier, Amsterdam, pp. 573-584

Muhs DR, Bettis EA (2003) Quaternary loess-paleosol sequences as examples of climate-driven sedimentary

extremes. Geol Soc Am Special Paper 370:53-74. https://doi.org/10.1130/0-8137-2370-1.53

Murray AS, Wintle AG (2000) Dating quartz using an improved single-aliquot regenerative-dose (SAR)
protocol. Rad Meas 32(1): 57-73. https://doi.org/10.1016/51350-4487(99)00253-X

Negri S, Raimondo E, D’Amico ME, Stanchi S, Basile A, Bonifacio E (2020) Loess-derived polygenetic soils of
North-Western Italy: a deep characterization of particle size, shape and color to draw insights about

the past. Catena 196:104892. https://doi.org/10.1016/j.catena.2020.104892

Newhall F (1972) Calculation of soil moisture regimes from climatic record. Rev. 4 Mimeographed Soil

Conservation Service, USDA, Washington DC

Novotny A, Frechen M, Horvath E, Wacha L, Rolf C (2011) Investigating the penultimate and last glacial
cycles of the Sitts loess section (Hungary) using luminescence dating, high-resolution grain size,

and magnetic susceptibility data. Quat Int 234:75-85. https://doi.org/10.1016/j.quaint.2010.08.002

Panzeri L, Zembo |, Bersezio R, Martini M (2011) Calibration of OSL data: mismatch between stratigraphy and

OSL chronology of sediments from the Po Plain. Il Quaternario 24:114-116

Peresani M, Cremaschi M, Ferraro F, Falgueres C, Bahain JJ, Gruppioni G, Sibilia E, Quarta G, Calcagnile L,
Dolo JM (2008) Age of the final Middle Palaeolithic and Uluzzian levels at Fumane Cave, Northern
Italy, using 14C, ESR, 234U/230Th and thermoluminescence methods. J Archaeol Sci 35:2986—2996.
https://doi.org/10.1016/j.jas.2008.06.013

Pons A, Guiot J, de Beaulieu JL, Reille M (1992) Recent contribution to the climatology of the last glacial-
interglacial cycle based on French pollen sequences. Quat Sci Rev 11:439-448.

https://doi.org/10.1016/0277-3791(92)90026-5

11


https://doi.org/10.1002/2014JB011112
https://doi.org/10.1130/0-8137-2370-1.53
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FS1350-4487(99)00253-X?_sg%5B0%5D=nIPKPWq02MPcka_YJk1yfTqufeQwwrcQi8LS102-xdFCzkJyY36LHz-ptKsTq_T7orf3MLCKioDIlqOdTrLn9ZjUNw.lc3uSdvFuklMzeewJqbg4_zkR0D8s5ahStVHvQH2fS4Rtu4rHY7IM_oJj3odY041kf0SnGMHgBM9r0-WkWc8Yw

351
352
353

354
355
356

357
358
359

360
361

362
363
364

365
366
367

368
369

370

371
372

373
374
375

376
377

378
379

Prescott JR, Hutton JT (1994) Cosmic ray contribution to dose rates for luminescence and ESR dating: range
depth and long-term time variations. Rad Meas 23(2-3):497-500. https://doi.org/10.1016/1350-
4487(94)90086-8

Preusser F, Fiebig M (2009) European Middle Pleistocene loess chronostratigraphy: Some considerations
based on evidence from the Wels site, Austria. Quat Int 198:37-45.

https://doi.org/10.1016/j.quaint.2008.07.006

Priori S, Costantini EAC, Capezzuoli E, Protano G, Hilgers A, Sauer D, Sandrelli F (2008) Pedostratigraphy of
Terra Rossa and Quaternary evolution of a lacustrine limestone plateau in Central Italy. J Plant Nutr

Soil Sci 171:509-523

Pye K (1995) The nature, origin and accumulation of loess. Quat Sci Rev 14:653-667.
https://doi.org/10.1016/0277-3791(95)00047-X

Reimann T, Tsukamoto S (2012) Dating the recent past (<500 years) by post-IR IRSL feldspar-Examples from
the North Sea and Baltic Sea coast. Quat Geochron 10:180-187.
https://doi.org/10.1016/j.quageo.2012.04.011

Sciunnach D, Scardia G, Tremolada F, Premoli Silva | (2010) The Monte Orfano Conglomerate revisited:
stratigraphic constraints on Cenozoic tectonic uplift of the Southern Alps (Lombardy, northern

Italy). Int J Earth Sci (Geol Rundsch) 99:1335-1355. https://doi.org/10.1007/s00531-009-0452-2

Semmel A, Terhorst B (2010) The concept of the Pleistocene periglacial cover beds in Central Europe: a

review. Quat Int 222(1-2):120-128. https://doi.org/10.1016/j.quaint.2010.03.010
Soil Survey Staff (1998) Keys to Soil Taxonomy, 8th Ed. USDA-NRCS, US gov. Print Off, Washington DC.

Vecchia O, Cita MB (1954) Studi stratigrafici sul Terziario Sudalpino Lombardo: Nota Ill. Riv It Paleon Strat
60:1-15

Wintle AG, Murray AS (2006) A review of optically stimulated luminescence characteristic and their
relevance in single-aliquot regeneration dating protocols. Rad Meas 41(4):369-391.

https://doi.org/10.1016/j.radmeas.2005.11.001

Wohlfarth B (2013) A review of Early Weichselian climate (MIS 5d-a) in Europe. Techinal Report. Svensk

Karnbranslehantering AB, Stockholm

Zerboni A, Trombino L, Frigerio C, Livio F, Berlusconi A, Michetti A M, Rodnight H, Spétl C (2015) The loess-

paleosol sequence at Monte Netto: a record of climate change in the upper Pleistocene of the

12


https://www.researchgate.net/journal/1350-4487_Radiation_Measurements
https://doi.org/10.1016/j.radmeas.2005.11.001

380
381

382
383
384

385
386
387

388
389
390

391

392

393
394
395
396

397

398
399
400

401

central Po Plain, Northern Italy. J Soils Sedim 15:1329-1350. https://doi.org/10.1007/s11368-014-
0932-2

Zhang J, Rolf C, Wacha L, Tsukamoto S, Durn G, Frechen M (2018) Luminescence dating and palaeomagnetic
age constraint of a last glacial loess-palaeosol sequence from Istria, Croatia. Quat Int 494:19-33.

https://doi.org/10.1016/j.quaint.2018.05.045

Zucca C, Sechi D, Andreucci S, Shaddad SM, Deroma M, Madrau S, Previtali F, Pascucci V, Kapur S (2014)
Pedogenic and palaeoclimatic evidence from an Eemian calcrete in North-Western Sardinia (Italy).

Eur J Soil Sci 65:420-435

Zuffetti C, Trombino L, Zembo |, Bersezio R (2018) Soil evolution and origin of landscape in a late
Quaternary tectonically mobile setting: The Po Plain-Northern Apennines border in Lombardy

(Italy). Catena 171:376-397. https://doi.org/10.1016/j.catena.2018.07.026

Figure captions

Fig. 1 location of the Monte Orfano, and the location of the other OSL-dated loess layers, available in the
literature, in the Po Plain (Northern Italy). 1: Frigerio et al. (2017); 2: Cremaschi et al. (2011; 2015); 3: D’Amico
et al. (present paper); 4: Zerboni et al. (2015); 5: Ferraro et al. (2009); 6: Peresani et al. (2008); 7: Accorsi et
al. (1990); 8: Cremaschi et al. (2015); 9: Panzeri et al. (2011)

Fig. 2 the LS (left) and TR (right) profiles

Fig. 3 granulometric curves for the analysed soil horizons. Typical curves for loess (reworked and
weathered) are observed for LS samples, and TR60, while mixing is visible in TR30 from the high sand

content; the curve of TR160 has a different shape, evidencing a non-aeolian origin
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