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Abstract - G. Gallello, J. Bernabeu, A. Diez-Castillo, P. Escriba, 
A. Pastor, M. Lezzerini, S. Chenery, M.E. Hodson, D. Stump, De-
veloping REE parameters for soil and sediment profile analysis to identify 
Neolithic anthropogenic signatures at Serpis Valley (Spain). 

In this study, patterns of rare earth elements (REE) have been devel-
oped and applied for the first time to sediments and soils to identify 
anthropogenic or natural layers in profiles sampled at several Neo-
lithic settlements in the Serpis Valley area (Alicante, Spain). Most 
of these sites are characterized by dark brown paleosols that are 
easily distinguishable from the light brown paleosols of the valley. 
To demonstrate whether these strata are anthropogenic or natural 
requires a better geochemical understanding of sediment. Soil sam-
ples were taken across six different sites; four sites are associated 
with archaeological findings (sites BF, LP, PB and AC8); another one 
is from a natural section from Mas D’Is (MD) located close to the 
archaeological site in which evidence of human occupation from the 
Neolithic period has been found; and the last corresponds to a place 
of uncertain attribution (BK5), where no archaeological remains 
have been found, but where layers of a recent agricultural activity 
are present. REE results comprising REE ratios, cerium and europi-
um anomalies, and La/Yb-Sm/Eu correlations were compared with 
major and minor chemical components, mineralogical properties of 
the soil layers and, when it was possible, cross-referenced with ar-
chaeological data to aid interpretation. The results demonstrate the 
potential of REE data to distinguish strata associated with Neolithic 
occupation from those that have not been subjected to anthropogen-
ic modification.

Keywords - rare earth elements, ICP-MS, archaeological deposits, an-
thropogenic layers, past settlements

Riassunto - G. Gallello, J. Bernabeu, A. Diez-Castillo, P. Escri-
ba, A. Pastor, M. Lezzerini, S. Chenery, M.e. Hodson, D. Stump, 
Sviluppo di parametri REE per l’analisi del profilo del suolo e dei sedi-
menti per identificare le firme antropogeniche neolitiche nella valle del 
Serpis (Spagna). 

In questo studio, le terre rare (REE) di sedimenti e suoli sono state 
utilizzate per la prima volta per identificare strati antropogenici o na-
turali in profili campionati in diversi insediamenti neolitici nell’area 
della valle del Serpis (Alicante, Spagna). La maggior parte di questi 
siti sono caratterizzati da paleosol marrone scuro che sono facilmente 
distinguibili dai paleosol marrone chiaro della valle. Per dimostrare 
se questi strati sono antropogenici o naturali è necessaria una migliore 
comprensione geochimica dei sedimenti. Sono stati prelevati campioni 

di terreno da sei siti diversi; quattro siti sono associati a reperti ar-
cheologici (siti BF, LP, PB e AC8); un altro proviene da una sezione 
naturale di Mas D’Is (MD) situata vicino al sito archeologico in cui 
sono state trovate prove dell’occupazione umana dal periodo neolitico; 
e l’ultimo corrisponde a un luogo di incerta attribuzione (BK5), dove 
non sono stati trovati resti archeologici, ma dove sono presenti strati di 
una recente attività agricola. I risultati di REE comprendenti rapporti 
REE, anomalie di cerio ed europio e correlazioni La/Yb - Sm/Eu sono 
stati confrontati con componenti chimici maggiori e minori, proprietà 
mineralogiche degli strati del suolo e, quando è stato possibile, rife-
rimenti incrociati con dati archeologici per aiutare interpretazione. 
I risultati dimostrano il potenziale dei dati REE per distinguere gli 
strati associati all’occupazione neolitica da quelli che non sono stati 
sottoposti a modifiche antropogeniche.

Parole chiave - terre rare, ICP-MS, depositi archeologici, strati antro-
pogenici, insediamenti del passato

Introduction

This study explores the use of rare earth elements 
(REE) to distinguish sediments and soils associat-
ed with human occupation from those that have not 
been subject to anthropogenic modification, taking 
the important Neolithic landscape of the Serpis Valley 
as its case-study. Perfecting this technique will have 
important implications for archaeologists and soil sci-
entists because rare earth elements (REE) can act as 
a ‘fingerprint’ for particular sediments and soils, and 
as a consequence have been employed in a variety of 
different archaeological scenarios in order to identify 
past human activities (Cook et al., 2006 ; Kamenov et 
al., 2009; Saiano & Scalenghe, 2009; Nielsen & Kris-
tiansen, 2014; Pastor et al., 2016 ). These include stud-
ies by Gallello et al. (2013; 2014) that compared the 
REE signatures of strata at the Neolithic site of Mas 
d’Is, Spain, in order to test whether strata previously 
classified as natural or anthropogenic could be distin-
guished depending on their REE profile (the term ‘an-
thropogenic’ is used in our study very broadly to refer 
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to any human activity that can impact the chemistry of 
soils and sediments). The same authors found that the 
use of major, minor and some trace elements was not 
sufficient to determine differences between archaeo-
logical layers in some sedimentological contexts. 
The current study aims to test the capability of 
La/Yb-Sm/Eu correlations to distinguish between 
different sediments and soils and extends the use of 
REE normalized ratios and the examination of Ce 
and Eu anomalies used during the preliminary studies 
(Gallello et al., 2013; 2014) by examining soils across 
the entire Serpis Valley, in which Mas d’Is is located. 
In doing so, we aim to establish a new methodological 
approach for the identification of anthropogenic units 
in excavated cross-sections through REE analysis of 
soils and sediments.

Area description

The Upper and Middle Serpis Valley (also known 
as Valls d’Alcoi) is an area characterized by a typi-
cal Mediterranean drainage of the Iberian Peninsula 
(short and steep flow water-courses) that encompasses 

an area of around 1000 km2 upstream of the Beniarrés 
dam. The main river (Serpis) follows a NE direction 
marked by the structure of the Valencian Baetic sys-
tem (Diez-Castillo et al., 2007). The central depression 
(a horst) is filled by probably marine marls (Roca-Cer-
vigón, 1991), characterized by several pediments vary-
ing between 700 m deep in the north area and 300 m 
in the south (Marco-Molina, 1990). The surrounding 
limestone mountains have summits of almost 1400 m.
Previous Mas d’Is archaeological fieldwork revealed 
different kinds of structures and layers dated from the 
earliest Neolithic period in the region up to the present 
times. Most of these archaeological features and strata 
are related to the Early and Middle Neolithic, including 
ditches, houses and open areas of diverse use, ranging 
in date from c. 5600 to 4000 BC (Bernabeu et al., 2003). 
The stratigraphic sequence filling these ditches shows 
the presence of paleosols that formed at different times 
during the Neolithic. Moreover, field survey indicated 
a clear association between Neolithic sites and areas of 
dark brown paleosols located within the valley bottoms 
(Bernabeu et al., 2003). This raises important questions 
about the origins of the dark brown paleosols that cor-
respond to the buried A/O horizons. 

Figure 1. Location of the studied sections in Serpis Valley (Alicante, Spain). Note: colours mark the lowest (blue or light grey in grey 
tones) and highest (red or dark grey in grey tones) elevations on the map. MD: latitude 38.684742, longitude -0.399689 (584 m asl). AC8: 
latitude 38.785514, longitude -0.337122 (440 m asl). PB: latitude 38.777485, longitude -0.338284 (466 m asl). LP: latitude 38.687351, 
longitude -0.370126 (588 m asl). BF: latitude 38.735011, and longitude -0.426013 (426 m asl). BK5: latitude 38.696793, longitude 
-0.395943(541 m asl). 
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In order to advance the standardization of our pro-
posed approach, we applied REE analysis to archae-
ological strata in different settlements occupied since 
the Neolithic in the Serpis Valley (Fig. 1). More than 
one hundred settlements have been identified in this 
area (Bernabeu et al., 2008). Most of these open sites 
are characterised by dark brown strata that are very 
different from the typical light brown layers of the 
valley. The dark brown paleosol layers are usually 
covered by light brown paleosols and have been in-
terpreted as markers of past anthropogenic activities 
(Bernabeu et al., 2006). Therefore, to confirm whether 
these strata are anthropogenic or natural, REE data 
and ratios values were compared with the major and 
minor chemical components, mineralogical properties 
of the soil layers and, when it was possible, cross-ref-
erenced with archaeological data to aid interpretation.

Materials and methods

A total of forty-six samples were taken through sec-
tions from six different sites, with all of the sections 
being c. 3 m thick. At each site, the sampling was car-
ried out at different depths, corresponding to different 
layers identified by sediment colour in the field. Four 
sites are clearly associated with archaeological findings 
(sites BF, LP, PB and AC8) and another site is a place 
of uncertain attribution (BK5) (Bernabeu et al., 2006; 
2008). In this section, no archaeological remains were 
found, but during the fieldwork, agriculture-related 
layers were detected (data not shown). The last site is 
from a natural section near the Neolithic site of Mas 
d’Is (MD) and has been radiocarbon dated to the first 
part of the Holocene (7751-7611 to 6587-6475 cal. BC) 
and thus predates Neolithic activity in this area (Bern-
abeu et al., 2003).
Major, minor and trace elements, including REE, 
were determined using X-ray fluorescence (XRF) and 
inductively coupled plasma-mass spectrometry (ICP-
MS). Principal Components Analysis (PCA) was ap-
plied to the full set of data to identify sedimentary 
sources. REE ratios, Ce and Eu anomalies and La/Yb-
Sm/Eu ratios were calculated for the different sites. 
Results were compared with the mineralogical charac-
teristics of the layers as determined by X-ray powder 
diffraction (XRPD) and cross-referenced with archae-
ological data (MD samples were not measured by XRF 
and XRPD). 

Soil and sediment samples

The soil samples were taken from sections at six differ-
ent archaeological sites (Tab. 1 and Figs 1 and 2). With 
the exception of the alluvial cover, where pediments 
are common, most of the soil material in the study area 
is colluvial from the adjacent slopes, usually weathered 

marl that have been eroded and redeposited, covering 
of the marl bedrock in the Serpis Valley. Redeposited 
marls are easily differentiated from marls due to their 
discontinuity and loss of structure through the profile. 
Since the Islamic period, land use systems in the val-
ley include areas of agricultural terracing, which has 
also contributed to the formation of colluvial soils. 
The maximum depth of these soils varies between two 
and four metres over the marl bedrock, depending on 
where the closest terrace is located. The dark brown 
layers cover, and are covered, by the colluvial soils 
(Diez-Castillo et al., 2007). 
The best developed root zones are found under 
semi-natural vegetation. Below the root zone the soil 
contains a significant amount of precipitated CaCO3, 
which is present as mottles or concretions (Diez-Castillo 
et al., 2007). For the sections sampled in this study, dark 
brown paleosols layers are present in AC8, PB, LP, BF 
and BK5. Also, as observed during the fieldwork, some 
of the sampled profiles are characterized by different 
lithologies, such as the in-situ Pleistocene limestone sed-
iment in LP and PB and Miocene marl sediment in LP 
and BF, while more recent redeposited Miocene marls 
are found in PB and BK5 (Tab. 1). 
The profiles were selected in order to obtain a repre-
sentative set of samples belonging to natural layers with 
no archaeological associations and deposits associated 
with archaeological finds of diverse chronology, as well 
as a section of uncertain attribution. Latitude and longi-
tude for these sections were determined with GPS and 
open data from the Spanish government (Fig. 1).
Seven samples (MD1, MD3, MD5, MD7, MD9, MD11, 
MD13) were taken from a Holocene natural deposit near 
the Mas D’Is archaeological site, characterized by light 
brown paleosol layers. No archaeological findings have 
been reported from this sampled profile (Diez-Castillo 
et al., 2011) (as mentioned above MD samples were not 
measured by XRF and XRPD, but just by ICP-MS). 
Eight samples were taken from the AC8 Planes (AC8) 
section, a site entirely associated with archaeological 
artefacts (Bernabeu et al., 2006) and, therefore, Hol-
ocene in age. AC81, AC82, AC83, AC84, AC85, AC86, 
AC87, AC88 and AC89 are from dark brown paleosol 
layers, however during the fieldwork it was observed 
that AC81, AC82, and AC89 were slightly mixed with 
redeposited marls. Eight samples were collected from a 
section at the archaeological site of Planes Benialfaquí 
(PB); samples PB1, PB2 were taken from an in situ red 
layer of Pleistocene age, while PB3, PB4 and PB5 were 
taken from a dark brown paleosol layer associated with 
early Neolithic ceramics (cardial pottery). As observed 
during fieldwork, the entire section is mixed with re-
deposited marl and this is more evident in layer PB4. 
PB6 was from a redeposited Miocene marl layer at the 
top of the section, and PB7 was collected in a redepos-
ited Miocene marl layer that has infilled a truncation 
to this section (see Fig. 2). Six samples were collected 
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from a section at the archaeological site of La Perla 
(LP), located in one of the Penàguila River terraces, in 
the foothill of the Sierra d’Aitana; LP1 and LP2, are 
from the bottom of the section within a red horizon, 
an in situ limestone sediment of Pleistocene age. LP3 
and LP4 were collected from a dark brown paleosol 
layer, where Neolithic sherds were found. LP5 and LP6 
were both taken from a layer of redeposited Miocene 
marls. Nine samples were collected from a section at 
the archaeological site of Benifloret (BF); BF1, BF2, 
BF3 are from the bottom of the section and all belong 
to a Miocene marl layer. BF4, BF5 and BF6 were taken 
from a Holocene dark brown paleosol layer, where Iron 
Age ceramics were found (Bernabeu et al., 2006). BF7, 
BF8 and BF9 are located at the top of the section, and 
are redeposited sediments (Holocene light brown pale-
osol). Eight samples were collected in a section located 
between Benilloba and Benifallim at km 5 (BK5) of 
the road connecting these two towns, corresponding 
to a place of uncertain attribution, where no archaeo-
logical remains have been recorded during archaeolog-
ical prospecting and fieldwork. The BK51 and BK52 
samples are redeposited Miocene marls collected at 
the bottom of the section. BK53 and BK54 are from a 
dark brown paleosol layer that was subsequently bur-
ied by sediments, which then themselves under went 
soil formation process, producing the layers BK55 and 
BK56 as well as BK57 and BK58. BK55 and BK56 are 
from visibly more carbonate soils (interpreted during 
fieldwork observation as a soil developed due to recent 
agricultural activities) and BK57 and BK58 from an 
upper layer affected by contemporary agricultural ac-
tivities with vegetation and roots present. However, it 
was difficult to define these last three layers because 
the boundaries between them were blurred.

Mineralogical analyses

Samples were air-dried, ground and homogenized us-
ing an agate mortar. The qualitative mineralogy of the 
samples was determined using a Philips PW 1830/1710 
X-ray powder diffractometer (XRPD). The following 
experimental conditions were used: Bragg-Brentano 
geometry, Ni-filtered CuKα radiation obtained at 40 
kV and 20 mA and 5-60° 2θ investigated range in steps 
of 0.02° 2θ with a step time of 2 s. The main mineral-
ogical phases were manually identified by comparing 
experimental X-ray spectra with PDF2 reference pat-
terns (DIFFRAC Plus EVA).

Major and minor elements analysis

Major and minor chemical components of the pow-
dered samples were determined on fused glass disks 
using an ARL 9400 XP+ sequential X-ray spectrometer 
(XRF) under the instrumental conditions reported in 
Lezzerini et al. (2013). Within the range of the measured 

concentrations, the analytical uncertainties determined 
on international standards vary from 20% (Na2O) to 
1% (K2O), with a mean value of 4% for the major and 
minor elements (Lezzerini et al., 2013; 2014). The total 
amount of volatile components was determined by loss 
on ignition (LOI) in the 105-950°C temperature range.

Trace elements and REE analysis

Sediment and soil samples were ground, homogenized 
by agate mortar, dried, digested and finally analyzed 
by ICP-MS. The soil digestion method employed is 
an adapted version from Guangping et al. (2012) and 
Snäll & Liljefors (2000), developed by Gallello (2014) 
especially for REE and other trace elements soil deter-
mination associated with clays/carbonates. The diges-
tion method comprised addition of 1.35 ml HCl (37%) 
and 0.45 ml HNO3 (69%) to 0.15 g of soil sample in 
borosilicate glass tubes kept at 100°C for 40 minutes in 
a water bath. The solutions were then carefully poured 
into polypropylene plastic tubes, bringing the volume 
to 25 ml with ultrapure water. The solutions were ana-
lyzed for: Ba, Bi, Cd, Cr, Co, Cu, Pb, Li, Mn, Mo, Ni, 
Sr, Tl, V, Zn and REE (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, Yb, Lu), Sc and Y. A multi-element 
100 µg/ml stock solution obtained from Sharlab S.L. 
(Barcelona) was used to prepare the calibration matrix 
matched standards. Concentration ranges between 1 
and 600 µg/l were used for Ba, Bi, Cd, Cr, Co, Cu, Pb, 
Li, Mo, Ni, Sr, Tl, V, Zn, La, Ce, Pr, Nd, and concen-
tration ranges between 1 and 100 µg/l for Sm, Eu, Gd, 
Tb, Dy, Ho, Er, Tm, Yb, Lu, Sc and Y. 5 ml volumetric 
flasks were used adding 0.15 ml of HNO3, 0.45 ml of 
HCl and the corresponding volume of standard solu-
tion and were brought to volume with pure water. The 
digested sample solutions were filtered using What-
man number 1 filter paper and analyzed with a Per-
kin Elmer Elan DRCII (Concord, Ontario, Canada) 
ICP-MS. Soil NIM GBW07408 was used as a standard 
reference material for evaluating the analytical quali-
ty of the method. The standard error of the measure-
ments during the analysis for trace elements and REE 
was between 1% and 3%. Rh was used as an internal 
standard added manually to each standard and sample 
solution. 
Thirty-one elements were analysed and appropriate 
elemental mass isotopes chosen to overcome interfer-
ences. For the trace elements and REE, the analytical 
mass isotope instrumental detection and instrumental 
quantification limits (LOD and LOQ, respectively), 
calibration curve R² and ICP-MS instrument param-
eters are the same reported by Gallello et al. (2017).

REE parameters 

REE concentrations in samples were normalized to 
Post-Archean Australian Shale (PAAS) using values 
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taken from Taylor & McLennan (1985), here indicat-
ed as REE/REEPAAS. This normalisation was chosen 
as representative of typical weathered crustal rocks. 
REE are commonly characterised as light (LREE: 
La, Ce, Pr and Nd), medium (MREE: Sm, Eu, Gd, 
Tb and Dy) and heavy (HREE: Ho, Er, Tm, Yb and 
Lu). The REE/(REEPAAS) ratios, (where REEPAAS 
indicate Yb, Gd and Sm values in PAAS), La/(Yb-
PAAS), La/(GdPAAS), La/(SmPAAS) and Sm/(Yb-
PAAS) were calculated to determine the amount of 
LREE, MREE, and HREE in the studied samples 
for each section. This method exaggerates the dif-
ference between L, M and HREE, but exaggerated 
differences between samples make such differences 
easier to be identified; we have not used the data to 
explore processes of geochemical fractionation. La/
Yb and Sm/Eu ratios (Lisboa et al., 2015) have been 
used in the literature to determine the provenance of 
sediment sources (Huang et al., 2014), but they are 
used here to investigate differences between sections 
and layers.

Ce and Eu anomalies were used to determine en-
richment or depletion of Ce and Eu with respect to 
other REE. Enrichments in Ce and Eu are indicated 
by an anomaly > 1 and depletion by an anomaly < 1. 
Cerium (4+) and Eu (2+) are the only two REE that 
may occur in different valance states to other REE 
(3+), depending on redox in typical natural environ-
ments.
The anomalies were calculated following Taylor and 
McLennan’s equation (Taylor & McLennan, 1985), 
also recently used by Prajith et al. (2015):

Ce anomaly = 3(Ce/CePAAS)/(2(La/LaPAAS+Nd/NdPAAS))

Eu anomaly = (Eu/EuPAAS)/(Sm/SmPAAS × Gd/GdPAAS)
1/2

Ce/CePAAS, La/LaPAAS, Nd/NdPAAS, Eu/EuPAAS, 
Sm/SmPAAS, and Gd/GdPAAS represent the element 
concentrations normalized with respect to the same 
element concentration in PAAS.

Figure 2. MD, AC8, PB, LP, BF 
and BK5 studied sections and 
sampling points.
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Table 2. REE and trace elements values of the studied samples by ICP-MS. 

SAMPLES REE Sc Y Ba Bi Cd Cr Co Cu Pb Li Mo Ni Sr Tl V Zn
MD1 66.8 2.30 13.1 119 0.01 0.39 20.1 4.59 8.71 6.59 5.72 0.20 35.4 844 0.10 2.20 33.3

MD3 48.2 1.80 10.5 107 0.02 0.48 16.8 2.96 2.81 7.33 5.90 0.28 27.2 1053 0.07 0.05 21.1

MD5 45.4 1.68 9.92 84.6 0.01 0.62 15.0 2.76 2.37 8.11 5.39 0.28 23.9 1074 0.05 0.34 19.2

MD7 51.2 2.01 10.7 97.4 0.02 0.42 16.8 3.35 3.18 5.73 6.29 0.43 28.5 1169 0.06 1.99 19.9

MD9 54.1 2.08 11.7 88.7 0.02 0.42 18.5 3.32 3.51 5.05 6.57 0.41 28.2 1217 0.07 2.61 19.4

MD11 48.5 2.14 10.2 94.3 0.04 0.44 17.8 4.48 2.74 7.18 7.29 0.57 30.2 1312 0.06 5.81 16.0

MD13 63.7 3.13 12.0 105 0.06 1.33 22.2 5.15 7.23 42.9 10.2 0.31 33.6 969 0.10 7.51 28.4

AC81 72.0 4.64 11.8 116 0.12 0.17 24.1 7.56 7.11 9.57 18.9 0.19 35.5 454 0.09 29.0 26.1

AC82 62.8 3.30 10.8 65 0.08 0.24 21.4 5.04 0.75 6.53 22.1 0.13 28.8 780 0.05 23.9 16.5

AC83 86.2 4.56 14.0 100 0.12 0.22 27.0 7.21 8.57 10.4 22.6 0.21 35.4 544 0.10 26.0 24.5

AC84 110.3 5.91 16.4 122 0.15 0.22 33.6 8.93 11.3 12.6 29.0 0.30 41.6 517 0.12 35.0 33.9

AC85 85.9 4.69 13.6 98.2 0.11 0.23 26.8 7.07 8.17 10.4 26.7 0.20 37.5 555 0.09 29.4 26.6

AC86 99.5 5.31 15.6 113 0.13 0.23 30.3 7.77 11.8 11.4 26.9 0.26 39.5 542 0.11 31.7 30.9

AC87 85.0 4.82 14.1 95.1 0.11 0.22 27.1 7.37 6.89 9.55 28.3 0.21 37.1 611 0.10 30.3 24.7

AC88 86.7 4.92 14.3 99.3 0.12 0.20 29.2 7.21 7.69 9.92 31.2 0.20 39.5 670 0.10 35.0 23.7

AC89 77.4 4.11 12.6 102 0.11 0.21 24.3 7.70 6.31 10.5 26.1 0.23 36.9 578 0.11 28.6 19.0

PB1 96.4 5.65 14.3 145 0.15 0.18 30.8 8.62 10.1 12.0 20.0 0.70 38.3 495 0.13 36.2 28.8

PB2 88.4 5.12 13.1 126 0.13 0.18 27.3 8.07 5.75 10.9 20.0 0.50 37.0 537 0.10 32.6 23.8

PB3 119.2 6.43 18.2 149 0.03 0.19 34.7 10.6 11.4 15.6 20.8 0.29 45.7 294 0.13 22.8 38.6

PB4 80.0 4.37 13.8 130 0.04 0.30 23.7 7.67 11.8 12.9 17.0 0.12 36.7 507 0.11 37.6 33.8

PB5 140.2 7.19 20.1 158 0.04 0.22 39.9 12.2 14.2 18.4 21.6 0.23 49.4 211 0.16 27.3 52.5

PB6 66.1 3.44 12.5 119 0.02 0.14 18.3 6.59 5.59 9.42 14.8 0.10 34.4 600 0.05 13.7 16.5

PB7 52.4 2.76 9.44 63.4 0.04 0.20 17.2 4.91 3.39 6.09 17.1 0.09 29.9 718 0.04 10.0 21.7

LP1 73.3 4.25 11.8 103 0.07 0.21 24.0 7.87 4.80 9.61 15.2 0.18 32.2 362 0.10 18.4 18.9

LP2 84.7 4.59 13.4 111 0.08 0.33 26.4 8.67 4.69 10.5 17.1 0.22 34.7 352 0.10 21.1 22.4

LP3 69.4 4.21 11.2 106 0.05 0.17 24.6 7.90 4.20 9.70 14.9 0.18 36.2 485 0.08 19.1 20.6

LP4 69.8 4.22 11.3 107 0.05 0.29 24.2 7.93 3.64 10.5 15.1 0.15 36.5 478 0.08 19.5 23.3

LP5 41.7 2.49 8.17 94.2 0.03 0.17 13.6 5.60 4.14 8.13 10.2 0.11 32.1 691 0.04 14.1 13.8

LP6 39.6 2.48 7.09 109 0.07 0.14 14.9 4.97 2.68 7.17 12.0 0.17 31.0 678 0.03 24.4 12.6

BF1 43.6 2.68 7.89 97.6 0.03 0.45 22.9 4.10 3.60 9.9 10.40 0.05 30.1 853 0.05 5.45 14.6

BF2 42.4 2.69 7.71 126 0.05 0.42 14.7 4.09 2.90 9.24 9.92 0.07 30.6 823 0.05 6.91 14.7

BF3 45.8 2.64 7.45 94.4 0.05 0.22 17.0 4.09 1.73 5.78 8.53 0.10 24.8 562 0.05 9.22 12.6

BF4 62.8 3.49 10.3 132 0.04 0.30 23.1 5.74 1.58 8.3 10.3 0.09 31.5 612 0.07 10.2 18.8

BF5 67.9 3.66 10.9 151 0.05 0.53 25.2 5.91 2.76 13.6 10.3 0.13 31.8 529 0.08 12.5 22.1

BF6 81.4 4.60 12.8 146 0.05 0.27 30.2 6.98 6.29 10.45 12.0 0.14 39.2 435 0.11 14.2 28.3

BF7 54.3 2.70 8.80 89.9 0.03 0.25 18.3 4.27 3.57 7.65 8.70 0.08 25.3 627 0.06 6.58 14.8

BF8 56.8 2.79 9.31 100 0.03 0.29 18.3 4.60 2.87 7.80 8.37 0.10 27.0 606 0.06 4.25 14.7

BF9 53.3 2.44 8.46 90.2 0.03 0.54 16.8 4.09 2.82 12.74 7.8 0.08 24.1 651 0.07 4.57 16.0

BK51 51.5 2.90 9.37 106 0.04 0.34 16.7 4.92 3.46 11.3 18.5 0.11 28.3 784 0.04 12.2 21.3

BK52 46.1 2.39 8.63 124 0.02 0.17 13.8 4.76 2.72 7.16 15.1 0.09 26.4 722 0.03 7.75 18.1

BK53 56.6 3.17 9.87 136 0.02 0.18 19.9 6.01 4.75 8.25 16.1 0.10 30.7 591 0.06 12.0 19.7

BK54 55.8 3.14 10.3 127 0.02 0.19 19.4 5.26 3.42 7.82 16.1 0.10 29.0 603 0.04 10.9 18.8

BK55 64.7 3.65 11.4 145 0.01 0.19 22.9 7.12 4.72 8.93 18.0 0.11 34.7 543 0.07 11.9 24.7

BK56 56.5 3.02 10.4 123 0.00 0.19 18.2 5.83 3.83 8.10 14.3 0.08 30.6 517 0.05 9.36 16.2

BK57 77.5 4.32 13.3 164 0.02 0.20 27.1 7.45 7.47 10.5 20.2 0.13 37.3 565 0.08 16.6 29.8

BK58 72.4 3.78 14.0 170 0.02 0.20 22.3 7.16 5.60 10.2 17.4 0.09 36.3 596 0.06 11.1 25.2

Concentration of elements in µg/g. REE indicates the total sum of REE.
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Table 3. Major and minor chemical components of the studied samples determined by XRF. 

SAMPLE L.O.I. Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3 T

AC81 30.9 0.07 1.20 4.47 20.5 0.18 1.08 37.87 0.30 0.04 3.42

AC82 30.5 0.08 1.26 4.66 21.2 0.18 1.13 36.93 0.33 0.04 3.70

AC83 26.8 0.10 1.54 6.76 27.5 0.23 1.64 29.70 0.47 0.06 5.27

AC84 23.8 0.11 1.77 8.19 32.1 0.24 1.88 25.13 0.58 0.07 6.15

AC85 28.4 0.09 1.48 6.07 24.9 0.23 1.49 32.08 0.42 0.05 4.79

AC86 25.5 0.10 1.64 7.33 29.2 0.26 1.74 27.94 0.52 0.07 5.73

AC87 28.2 0.09 1.50 6.38 25.7 0.23 1.56 30.81 0.43 0.05 5.04

AC88 29.4 0.08 1.41 5.69 23.3 0.22 1.42 33.43 0.39 0.05 4.59

AC89 28.0 0.09 1.52 6.34 26.0 0.20 1.53 30.85 0.44 0.05 4.99

PB1 23.9 0.13 1.66 7.96 31.2 0.11 1.85 26.70 0.57 0.07 5.90

PB2 25.9 0.10 1.44 6.86 27.5 0.13 1.65 30.29 0.51 0.05 5.59

PB3 18.5 0.13 2.23 11.2 40.8 0.14 2.18 17.04 0.77 0.08 6.96

PB4 15.3 0.12 2.23 11.8 44.2 0.12 2.43 14.74 0.89 0.09 8.04

PB5 28.3 0.10 1.57 6.71 27.5 0.14 1.44 28.73 0.48 0.05 4.95

PB6 28.8 0.10 1.50 5.93 25.3 0.16 1.29 32.05 0.41 0.04 4.40

PB7 26.6 0.10 1.46 6.95 27.3 0.20 1.63 30.08 0.49 0.06 5.14

LP1 25.8 0.10 1.37 7.64 27.8 0.12 1.75 29.18 0.54 0.04 5.68

LP2 24.5 0.11 1.48 8.30 30.0 0.13 1.87 26.91 0.60 0.05 6.05

LP3 25.2 0.11 1.55 8.41 30.2 0.12 1.80 25.92 0.60 0.06 6.11

LP4 27.9 0.10 1.37 7.21 26.1 0.13 1.59 29.69 0.52 0.05 5.35

LP5 35.1 0.08 1.01 4.47 17.0 0.15 1.12 37.45 0.31 0.03 3.34

LP6 36.2 0.07 0.94 3.98 15.4 0.16 1.05 39.00 0.27 0.03 2.92

BF1 31.3 0.09 1.51 4.57 21.1 0.17 1.18 36.10 0.29 0.05 3.61

BF2 32.3 0.08 1.44 4.48 19.6 0.18 1.21 36.98 0.29 0.04 3.49

BF3 31.5 0.07 1.45 4.68 20.3 0.16 1.19 36.70 0.33 0.04 3.60

BF4 25.5 0.13 1.93 7.68 30.4 0.16 1.71 26.15 0.55 0.07 5.75

BF5 28.7 0.09 1.67 6.13 25.1 0.15 1.40 31.73 0.43 0.04 4.64

BF6 29.9 0.08 1.66 5.69 23.3 0.15 1.35 33.09 0.39 0.04 4.35

BF7 31.0 0.08 1.66 4.84 21.7 0.17 1.22 35.40 0.33 0.04 3.56

BF8 30.6 0.08 1.53 5.05 22.0 0.16 1.26 35.04 0.35 0.04 3.81

BF9 31.3 0.08 1.65 4.71 21.0 0.16 1.18 36.06 0.32 0.03 3.47

BK51 29.9 0.12 2.05 4.55 24.0 0.17 1.19 34.15 0.31 0.04 3.55

BK52 31.1 0.10 1.84 4.26 21.4 0.17 1.15 36.19 0.30 0.04 3.41

BK53 29.1 0.12 2.00 5.21 24.3 0.15 1.32 33.23 0.37 0.05 4.15

BK54 29.0 0.13 2.01 5.26 24.4 0.16 1.32 33.10 0.37 0.05 4.19

BK55 26.8 0.12 2.14 6.28 28.1 0.17 1.56 29.13 0.48 0.06 5.18

BK56 27.4 0.11 1.97 5.87 26.4 0.16 1.54 30.85 0.47 0.06 5.18

BK57 26.7 0.12 2.13 6.30 28.7 0.18 1.56 28.57 0.50 0.07 5.23

BK58 25.3 0.12 2.13 6.49 30.2 0.18 1.64 27.65 0.54 0.08 5.69

Concentration of elements are expressed as weight percentage (wt%).
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Data analysis

Statistical analysis was carried out on the full sample set. 
The REE, Sc and Y were used as variables for Principal 
Component Analysis (PCA) modeling. PCA was used 
to explore the large geochemical datasets, reducing the 
number of variables and providing a deep insight into 
the structure of the variance of the dataset. For PCA, 39 
samples and 16 variables (La/LaPAAS, Ce/CePAAS, Pr/
PrPAAS, Nd/NdPAAS, Sm/SmPAAS, Eu/EuPAAS, Gd/Gd-
PAAS, Tb/TbPAAS, Dy/DyPAAS, Ho/HoPAAS, Er/ErPAAS, 
Tm/TmPAAS, Yb/YbPAAS, Lu/LuPAAS, Sc/ScPAAS, Y/
YPAAS) have been employed to run the analysis. Mean 
centering and autoscaling pre-processing prior to mod-
eling were used, cross validation (CV) was carried out 
employing venetian blinds with 6 splits and 1 sample 
per split (Jolliffe, 2002; Wise et al., 2006). 
Data analysis was carried out using the PLS Toolbox 
8.2 for Eigenvector Research Inc., (Wenatchee, WA, 
USA) running in Matlab R2016b from Mathworks 
Inc., (Natick, MA, USA).

Results and discussion

Serpis Valley sediments geochemical data

Results of total REE, trace elements and major ele-
ments are reported in Tabs 3 and 4; individual REE 
concentrations, absolute and PAAS normalized REE, 
Sc and Y are provided in Supplementary Materials 
(Annex I and Annex II). The data shows that the ex-
cavated sections have different geochemical compo-
sitions. The total REE, Sc and Y (Tab. 2) in general 
had higher concentrations in archaeological layers, 
while the lower values occurred in natural deposits; by 
comparison major and minor elements did not clearly 
show differences between non-anthopogenic and ar-
chaeological layers in the studied profiles (Tab. 2). 
Looking at correlations, in the natural profile MD, to-
tal REE (except Sc and Y) are highly correlated with 
Cu, Ni, Cr and Zn (R2 0.80-0.90; p < 0.01), and neg-
atively correlated with Sr (R2 0.50, p < 0.0003). For 
the archaeological profile AC8, total REE correlate 
strongly with Cr, Cu, Ni and Zn (R2 0.76-0.95; p < 
0.01), and less strongly with Ba and V (R2 0.50-0.57; 
p < 0.01). Positive correlations between the total REE 
and Na2O, MgO, Al2O3, SiO2, P2O5, K2O, TiO2, 
MnO and Fe2O3T (R2 0.67-0.85; p < 0.01) and a neg-
ative correlation with LOI and CaO (R2 0.83-0.81; p 
< 0.01) are also evident. In the PB profile, total REE 
correlate strongly with Ba, Cr and Zn (R2 0.73-0.97; p 
< 0.01) and negatively with Sr (R2 0.97; p< 0.01), but 
no correlations with major elements and LOI were 
found. In the LP profile, total REE correlate strongly 
with Cr (R2 0.95; p < 0.01) and Zn (R2 0.84; p < 0.01), 
and there is a strong negative correlation between 
total REE and Sr (R2 0.94; p < 0.01). Between LOI 

and major elements, Na2O, MgO, Al2O3, SiO2, K2O, 
TiO2, MnO and Fe2O3T positively correlate with to-
tal REE in this profile (R2 0.60-0.94; p < 0.01), while 
P2O5, and CaO (R2 0.74-0.88; p< 0.01) and LOI (R2 
0.94; p < 0.01) have a negative correlation. In the BF 
profile, total REE are correlated with Cr (R2 0.68 p < 
0.01) and Zn (R2 0.87 p < 0.01), while V correlates with 
total REE less strongly (R2 0.55; p< 0.01), and Sr has 
a negative correlation (R2 0.67; p< 0.01). For the ma-
jor elements no correlation with total REE was found 
in the BF profile. Finally, in BK5 total REE strongly 
correlate with Ba, Cr, and Zn (R2 0.75-0.93; p < 0.01), 
and have a weaker correlation with V (R2 0.54; p < 
0.01). A positive correlation between total REE and 
MgO, Al2O3, SiO2, K2O, TiO2, MnO and Fe2O3T (R2 
0.70-0.85; p < 0.01) was observed, and there is a strong 
negative correlation with LOI (R2 0.79; p < 0.01) and 
CaO (R2 0.86; p < 0.01).
In Tab. 4, the qualitative mineralogy of the samples is 
shown. Calcite is equally abundant for every sample 
except for PB2, PB3, PB4 that contain lower amounts. 
Dolomite was identified in BK51, BK54, BK56 and trac-
es of this mineral were found in BF1, BF3, BF4, BF5, 
BF7, BF8, BK52, BK53, BK55, BK58, LP6, PB1, AC83 
and AC85. Quartz was found in all the samples, but it 
is especially abundant in samples PB3 and PB4. Final-
ly, traces of feldspars and phyllosilicates were found in 
almost all the samples; LP1 contained more feldspars 
than the other samples. As with the major and minor 
elements, the mineralogical phases in the studied sec-
tions did not clearly indicate differences between the 
natural and anthropogenic deposits. However, in pro-
file AC8, the bottom samples AC81 and AC82 are the 
only ones with traces of phyllosilicates and this cor-
responds with the lowest REE concentrations in this 
profile. Profile LP has lower amounts of quartz in sam-
ples LP5 and LP6, and their REE concentrations are 
the lowest. In BF, the opposite situation to that in AC8 
is observed: the absence of phyllosilicates in samples 
BF7 and BF8 coincides with lower concentrations of 
total REE. For BK5, the absence of feldspars in sam-
ples BK57 and BK58 coincides with the highest total 
REE levels throughout the profile. 

REE distribution in the Serpis Valley

Correlations between La/Yb and Sm/Eu ratios 
(Fig. 3) were used in an attempt to identify differenc-
es between the studied sections. The high correlation 
(R2 0.80; p = <0.0001) could suggest that there are 
different weathering processes that occurred during 
layer formation, especially taking into account the 
differences between Holocene dark brown and light 
brown paleosols – the first with relatively high La/Yb 
and Sm/Eu ratios, and the second with relatively low 
values of ratios. However, on the basis of the available 
data, distinct source materials or lithologies are con-
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tributing to the formation of the studied sections and 
are susceptible to REE changes sometime in a similar 
way between them, consequently Pleistocene sediment 
samples are comparable to Holocene dark brown pale-
osols, and Miocene marl sediment and redeposited 
marl comparable to the Holocene light brown paleo-
sols in their La/Yb and Sm/Eu ratio values. 
Principal Component Analysis (PCA) was applied to 
all samples using the fourteen REE/REEPAAS plus 
Sc/ScPAAS and Y/YPAAS (Figs 4a and 4b) as variables; 
the score plots were represented as data points (sam-
ples) projected into the PC space. In view of the La/
Yb and Sm/Eu ratios results (Fig. 3) the layers belong-
ing to different lithologies such as the Miocene marl 
sediments and Pleistocene sediments were not includ-
ed in PCA modelling, which just considered deposits 
formed during the Holocene period. 
PCA in Fig. 4a shows the distribution of samples in 
different groups. The first two principal components 
explain 99.12% in the variance of data: PC1 93.33% 
and PC2 5.79%, respectively. Magnitude and signs of 
the loadings on the Y axis (Fig. 4b) show that La/LaP-

AAS, Ce/CePAAS, Pr/PrPAAS, Nd/NdPAAS, Sm/SmPAAS, 
Eu/EuPAAS, Gd/GdPAAS, Tb/TbPAAS, Dy/DyPAAS, Ho/
HoPAAS, Er/ErPAAS, Tm/TmPAAS, Yb/YbPAAS, Lu/
LuPAAS, Sc/ScPAAS and Y/YPAAS are all important var-
iables for PC1 and La/LaPAAS, Ce/CePAAS, Pr/PrPAAS, 
Nd/NdPAAS, Sm/SmPAAS, Ho/HoPAAS, Er/ErPAAS, Tm/
TmPAAS, Yb/YbPAAS, Lu/LuPAAS and Sc/ScPAAS are the 
most important for PC2 to obtain the plot distribution. 
The fact that in PC1 all the REE have a similar loading 
suggests that they are behaving as a coherent group and 
their variation in concentrations are going up and down 
in proportion to each other. By contrast PC2 represents 
variation between individual REE. The LREE show an 
inverse relationship with the HREE and so correlated 
with La/Yb ratio sample distribution (Fig. 3).
PCA shows differences in the excavated sections based 
on the layers characteristics. The majority of the samples 
from Holocene brown dark soils plot together in the 
right part of the plot. On the left of the PC, Holocene 
light brown soils are grouped together with redeposited 
Miocene marl samples (Fig.1). All the MD samples, tak-
en from the Holocene light brown paleosol, plot at the 
top of the figure in the middle of the x axis. Within the 
modern developed soil, samples BK55 and BK56 are 
plotted on the centre left side of the PC, while BK57 
and BK58 are on the centre right side; all of them close 
to the Holocene dark brown paleosols. Finally, BK53 
and BK54 classified as Holocene dark brown paleosols 
are plotted on the left side, but still separated from the 
redeposited Miocene marl, while the redeposited Mio-
cene marl PB6 is grouped closer to the Holocene dark 
brown paleosols BF4 and BF5. The PCA results show 
a quite clear difference between dark brown (anthro-
pogenic) paleosols and light brown (natural) paleosols. 

Table 4. Mineralogy of studied samples as determined by XRPD. 

SAMPLE Calcite Dolomite Quartz Feldspars Phyllosilicates
AC81 XXX - XX tr tr

AC82 XXX - XX tr tr

AC83 XXX tr XX tr -

AC84 XXX - XX tr -

AC85 XXX tr XX tr -

AC86 XXX - XX tr -

AC87 XXX - XX tr -

AC88 XXX - XX tr -

AC89 XXX - XX tr tr

PB1 XXX tr XX tr tr

PB2 XX - XX tr tr

PB3 XX - XXX tr tr

PB4 XX - XXX tr tr

PB5 XXX - XX tr tr

PB6 XXX - XX tr tr

PB7 XXX - XX tr tr

LP1 XXX - XX X tr

LP2 XXX - XX tr tr

LP3 XXX - XX tr tr

LP4 XXX - XX - -

LP5 XXX - X tr tr

LP6 XXX tr X tr tr

BF1 XXX tr X tr tr

BF2 XXX - X - tr

BF3 XXX tr XX tr tr

BF4 XXX - XX tr tr

BF5 XXX tr XX tr tr

BF6 XXX tr XX tr tr

BF7 XXX tr XX tr -

BF8 XXX tr XX tr -

BF9 XXX - XX tr tr

BK51 XXX X X tr tr

BK52 XXX tr X tr tr

BK53 XXX tr X tr tr

BK54 XXX X X tr tr

BK55 XXX tr XX tr tr

BK56 XXX X X tr tr

BK57 XXX - X - tr

BK58 XXX tr XX - tr

Note: semi-quantitative values. Highly abundant (XXX), abundant 
(XX), present (X), trace (tr). No detected (-).
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REE ratios, Ce and Eu anomalies

Differences between archaeological and natural lay-
ers can be also observed by examining the Holocene 
developed layers employing REE ratios, La/(YbPAAS), 
La/(GdPAAS), La/(SmPAAS) and Sm/(YbPAAS), and Ce 
and Eu anomalies (Tab. 5). 
MD is not associated with archaeological remains 
(Diez-Castillo et al., 2011). Higher REE/(REEPAAS) 
values in MD1 and MD13 were not related to the strati-
graphic position. Ce and Eu negative anomalies (<1) 
were present throughout the section and the anomaly 
values for MD1 and MD13 were very similar. AC8 is a 
deep section, entirely related to archaeological remains 
where Neolithic ceramics were found (Bernabeu et al., 
2008). The top sample AC89 was distinct from the 
AC83-AC88 middle section samples, with AC84 and 
AC86 having larger REE/(REEPAAS) values and less 
negative Eu anomalies compared to the other middle 
section samples. PB is a section located at around 1 
kilometre from AC8; Neolithic ceramics were found 
in this section associate with the layers where samples 
PB3 and PB5 were collected (Bernabeu et al., 2008). 
This section is also characterized by the disturbance of 
redeposited Miocene marls. PB3 and PB5 (brown dark 
soils related to archaeological finds) show negative Ce 
and Eu anomalies, have higher REE/(REEPAAS) values 
and smaller Eu anomalies, and are clearly grouped sep-
arately from the other samples. The LP section is lo-
cated in the foothill of the Sierra d’Aitana and consists 
of Neolithic period dark brown soils. REE/(REEPAAS) 
ratios and negative Eu anomalies show LP3 and LP4 
values higher than the redeposited marl samples (LP5 
and LP6). BF is a section located 6 km from LP and 
BK5 with archaeological remains including Iron Age 

ceramics found in dark brown paleosol layers. REE/
(REEPAAS) and negative Eu anomalies show differenc-
es between the natural deposits at the top (BF1-BF3) 
of the section and the dark brown paleosol samples 
(BF4-BF6). BF4-BF6 show high REE ratios values and 
a less negative Eu anomaly. BK5, located close to the 
LP excavation, is a place where no archaeological finds 
have been documented. These samples comprise a 
dark brown paleosol layer (BK53-BK54) and a devel-
oped soil layer (BK55-BK56 probably formed by re-
cent agricultural activities), which occur in the middle 
of the section. REE/(REEPAAS) ratios and negative Eu 
anomalies show BK53-BK56 values are between the 
low value of the redeposited marl samples and the high 
values of the contemporary agricultural developed soil 
samples (BK57-BK58). 

REE distribution processes in the profiles 

As described in the previous section, the REE pro-
files of layers associated with archaeological evidence 
were generally characterized by higher REE levels and 
weaker negative Eu anomalies. In contrast, those lay-
ers identified during fieldwork as being unrelated to 
archaeological findings (corresponding to light brown 
paleosols and redeposited marls) have lower REE 
values and more negative Eu anomalies. Mineralogy, 
major and minor compounds were not able to detect 
differences between the layers (Tab. 1, Tab. 2 and Tab. 
3). Similarly, REE correlations with major and minor 
elements did not indicate any clear difference between 
layers that permit differentiation between those that 
were anthropogenic or natural. 
In general, the mechanisms that control the REE be-
haviour are associated with the sedimentary environ-

Figure 3. La/Yb-Sm/Eu correlation 
of the full set of samples. R2 coeffi-
cient and p value are shown.
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ment. In the Serpis Valley, the bedrock is marl, a cal-
cium carbonate-rich mudrock. Except where there is a 
direct or indirect anthropogenic contribution, soils are 
formed by the weathering of this bedrock, including the 
development of dark brown paleosols rich in carbonate 
(Gallello et al., 2013), which could potentially exert an 
important influence on their REE distributions (Laveuf 
& Cornu, 2009). The mineralogy of the whole set of 
samples is characterized by abundant amounts of calcite 
and the almost complete absence of dolomite suggest-
ing that pedogenic carbonate also plays an important 
role in REE distribution throughout the profiles, as re-
ported elsewhere by West et al. (1988).

Complexation and leaching of REE with carbonate ions 
has been reported by some authors (Taylor & McLen-
nan, 1979; Michard et al., 1987; Lee & Byrne 1993; 
Koppi et al., 1996; Land et al., 1999; Hu et al., 2006; 
Laveuf & Cornu, 2009). Negative Ce and Eu anom-
alies can be generated by the presence of calcareous 
and siliceous organisms in carbonate environments, as 
may also be occurring in our case study. Furthermore, 
weathered products and secondary minerals including 
phillipsites, phosphorites and smectites (Pattan et al., 
2005) can contribute in the development of the strong 
REE migration occurring during the weathering pro-
cess of carbonate rocks (Jiyan & Ruidong, 2010).

a)

b)

Figure 4. PCA of the studied 
soil samples employing REE. 
Scores (a) and loadings of 0. Y 
axis (b) plot of PC1 and PC2. 
Factor loadings above 0.1 or 
more negative than -0.1 were 
considered as high, and were 
used for the interpretation of 
the principal components.
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Table 5. Cerium and Europium anomalies values and REE ratios of the studied samples belonging to Holocene brown and light paleosols, rede-
posited Miocene sediments, and modern developed soils.

Sample Provenance Ce Anomaly Eu Anomaly La/(YbPAAS) La/(GdPAAS) La/(SmPAAS) Sm/(YbPAAS)
MD1 Holocene light brown paleosol 0.72 0.59 4.92 2.45 2.15 0.97

MD3 Holocene light brown paleosol 0.67 0.52 3.57 1.78 1.56 0.72

MD5 Holocene light brown paleosol 0.67 0.50 3.35 1.67 1.47 0.68

MD7 Holocene light brown paleosol 0.67 0.52 3.78 1.88 1.65 0.77

MD9 Holocene light brown paleosol 0.66 0.53 4.02 2.00 1.76 0.82

MD11 Holocene light brown paleosol 0.67 0.52 3.58 1.79 1.57 0.73

MD13 Holocene light brown paleosol 0.73 0.59 4.53 2.26 1.98 0.95

AC81 Holocene dark brown paleosol 1.03 0.60 5.63 2.80 2.46 1.09

AC82 Holocene dark brown paleosol 0.79 0.53 4.56 2.27 1.99 0.87

AC83 Holocene dark brown paleosol 0.83 0.64 6.08 3.03 2.66 1.18

AC84 Holocene dark brown paleosol 0.84 0.70 7.77 3.87 3.40 1.51

AC85 Holocene dark brown paleosol 0.83 0.63 6.06 3.02 2.65 1.19

AC86 Holocene dark brown paleosol 0.81 0.67 7.17 3.57 3.14 1.36

AC87 Holocene dark brown paleosol 0.81 0.62 6.12 3.05 2.68 1.15

AC88 Holocene dark brown paleosol 0.81 0.62 6.22 3.10 2.72 1.20

AC89 Holocene dark brown paleosol 0.83 0.58 5.50 2.74 2.41 1.07

PB3 Holocene dark brown paleosol 0.85 0.75 8.26 4.12 3.61 1.64

PB4 Holocene dark brown paleosol 0.81 0.64 5.57 2.78 2.44 1.14

PB5 Holocene dark brown paleosol 0.88 0.79 9.67 4.82 4.23 1.90

PB6 Redeposited Miocene marl 
sediment 0.77 0.59 4.67 2.33 2.05 0.97

PB7 Redeposited Miocene marl 
sediment 0.81 0.50 3.65 1.82 1.60 0.74

LP3 Holocene dark brown paleosol 0.85 0.58 4.76 2.37 2.08 0.97

LP4 Holocene dark brown paleosol 0.85 0.57 4.77 2.38 2.09 0.98

LP5 Redeposited Miocene marl 
sediment 0.77 0.49 2.89 1.44 1.26 0.63

LP6 Redeposited Miocene marl 
sediment 0.79 0.45 2.80 1.40 1.23 0.58

BF4 Holocene dark brown paleosol 0.80 0.64 5.75 2.87 2.52 1.14

BF5 Holocene dark brown paleosol 0.79 0.59 4.76 2.37 2.08 0.98

BF6 Holocene dark brown paleosol 0.80 0.57 4.40 2.19 1.93 0.91

BF7 Holocene light brown paleosol 0.78 0.48 3.23 1.61 1.42 0.66

BF8 Holocene light brown paleosol 0.75 0.49 2.98 1.49 1.30 0.64

BF9 Holocene light brown paleosol 0.74 0.51 3.06 1.52 1.34 0.67

BK51 Redeposited Miocene marl 
sediment 0.76 0.52 3.64 1.81 1.59 0.76

BK52 Redeposited Miocene marl 
sediment 0.75 0.51 3.24 1.62 1.42 0.69

BK53 Holocene dark brown paleosol 0.78 0.55 3.97 1.98 1.74 0.83

BK54 Holocene dark brown paleosol 0.77 0.54 3.93 1.96 1.72 0.82

BK55 Modern developed soil 0.79 0.58 4.53 2.26 1.98 0.94

BK56 Modern developed soil 0.77 0.55 3.98 1.99 1.74 0.83

BK57 Modern developed soil 0.80 0.62 5.50 2.74 2.41 1.11

BK58 Modern developed soil 0.77 0.64 5.08 2.53 2.22 1.06
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The changes of REE occurring in this sedimentary en-
vironment based in carbonate rocks could account for 
the high La/Yb and Sm/Eu correlation. However, it 
is possible that differences in these correlations may 
result from sediments deriving from different lithol-
ogies. 
Organic compounds can have distinct REE signatures 
(Laveuf & Cornu, 2009). In this study, we did not 
separate out and analyse organic matter from the sed-
iments and, therefore, we cannot determine whether 
the higher REE values in the archaeological deposits 
are due to the presence of some organic compounds. 
However, human activities such as agriculture can 
lead to the enrichment of soil organic matter, which 
can be retained during paleosol formation (Hu et al., 
2006). REE can migrate between layers and could be 
retained in the soil formed during human occupation 
by complexation with immobile organic compounds 
(Hu et al., 2006). This would result in higher REE 
concentrations in anthropogenic layers compared with 
natural layers. 
Section BK5 comprises redeposited marl, Holocene 
dark brown paleosols that contain no archaeological 
remains, and recently developed agricultural soils. 
Such a section allows us to test the efficacy of REE ra-
tios to discriminate between layers of different origin. 
REE/(REEPAAS) and Eu anomalies show differences 
between the redeposited marls (BK51 and BK52) and 
the other layers. The Holocene dark brown paleosols 
(BK53 and BK54) and recent agricultural soil layer 
(BK55 and BK56) show similar values. However, the 
contemporary agricultural soils (BK57 and BK58) are 
different from Holocene dark brown paleosol and 
recent agricultural soil layer with higher REE values 
probably due to the presence of roots and vegetation 
(Hu et al., 2006). All this suggests the potential of 
REE to discriminate the Holocene dark brown layers 
as anthropogenic compared to Holocene light brown 
as natural. 

Conclusions

The use of REE analysis of anthropogenic layers helps 
to confirm differences between natural and human 
activities in this case study. Changes between layers 
are especially highlighted by REE/(REEPAAS) and Eu 
anomalies; archaeological layers show different con-
centrations of REE than the natural deposits. Howev-
er, at the moment, it is not possible to confirm if this is 
due to the presence of organic matter or whether there 
are other soil compounds influencing the REE levels 
in the archaeological layers. 
Importantly, we confirmed that correlations between 
La/Yb and Sm/Eu could be used to confirm the pres-
ence of material from different sources and/or origins 

(natural vs anthropogenic) in soils and sediments sam-
pled from the same section. This provides a founda-
tion for the development of future tests to standardize 
the use of these ratios in soil sections in different envi-
ronments worldwide. 
Although the potential of REE to link strata with no 
reported archaeological finds to anthropogenic activ-
ities is supported by our findings of similar REE pat-
terns in the dark brown paleosols and recent soil of 
an agricultural origin, more specific studies involving 
organic compounds analyses need to be carried out in 
this region to fully prove or disprove this finding. We 
have shown that REE can help to confirm the archae-
ological interpretation, pointing out that these dark 
brown deposits are evidence of past human activities 
in the Serpis Valley.
Finally, more soil and sediment features need to be an-
alysed from more excavated sections, as well as from a 
range of sedimentary environments (e.g. ongoing work 
in basalt sediments) need to be studied to standardize 
the use of REE as tracers of anthropogenic and natural 
deposits.
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Annex I. REE composition of the studied samples by ICP-MS. Note: Concentration of rare earth elements elements in µg/g. 
SAMPLES SECTIONS CLASS La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ba Bi Cd Cr Co Cu Pb Li Mo Ni Sr Tl V Zn SAMPLE L.O.I. Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3 T

MD1 MD Holocene light brown paleosol 14,82 22,25 3,11 14,31 2,92 0,68 2,94 0,41 2,35 0,44 1,26 0,16 1,03 0,15 119 0,01 0,39 20,1 4,59 8,71 6,59 5,72 0,2 35,4 844 0,1 2,2 33,3

MD3 MD Holocene light brown paleosol 10,74 15,15 2,25 10,55 2,17 0,52 2,22 0,31 1,83 0,35 1,02 0,13 0,82 0,12 107 0,02 0,48 16,8 2,96 2,81 7,33 5,9 0,28 27,2 1053 0,07 0,05 21,1

MD5 MD Holocene light brown paleosol 10,10 14,19 2,14 9,99 2,06 0,49 2,08 0,30 1,74 0,33 0,98 0,13 0,79 0,12 84,6 0,01 0,62 15 2,76 2,37 8,11 5,39 0,28 23,9 1074 0,05 0,34 19,2

MD7 MD Holocene light brown paleosol 11,38 16,06 2,42 11,29 2,32 0,54 2,34 0,33 1,94 0,37 1,08 0,14 0,89 0,13 97,4 0,02 0,42 16,8 3,35 3,18 5,73 6,29 0,43 28,5 1169 0,06 1,99 19,9

MD9 MD Holocene light brown paleosol 12,10 16,71 2,56 11,94 2,47 0,57 2,50 0,36 2,11 0,40 1,18 0,15 0,96 0,14 88,7 0,02 0,42 18,5 3,32 3,51 5,05 6,57 0,41 28,2 1217 0,07 2,61 19,4

MD11 MD Holocene light brown paleosol 10,80 15,17 2,27 10,71 2,20 0,52 2,25 0,32 1,85 0,35 1,03 0,13 0,84 0,12 94,3 0,04 0,44 17,8 4,48 2,74 7,18 7,29 0,57 30,2 1312 0,06 5,81 16

MD13 MD Holocene light brown paleosol 13,63 21,10 3,00 13,94 2,87 0,67 2,83 0,39 2,29 0,43 1,24 0,16 0,98 0,14 105 0,06 1,33 22,2 5,15 7,23 42,9 10,2 0,31 33,6 969 0,1 7,51 28,4

AC81 AC8 Holocene dark brown paleosol 16,95 30,43 3,76 9,09 3,28 0,71 2,98 0,38 2,03 0,35 1,02 0,12 0,80 0,11 97,6 0,03 0,45 22,9 4,1 3,6 9,9 10,4 0,05 30,1 853 0,05 5,45 14,6 AC81 30,9 0,07 1,2 4,47 20,5 0,18 1,08 37,87 0,3 0,04 3,42

AC82 AC8 Holocene dark brown paleosol 13,72 22,84 2,96 13,54 2,63 0,57 2,43 0,31 1,74 0,30 0,87 0,10 0,67 0,10 126 0,05 0,42 14,7 4,09 2,9 9,24 9,92 0,07 30,6 823 0,05 6,91 14,7 AC82 30,5 0,08 1,26 4,66 21,2 0,18 1,13 36,93 0,33 0,04 3,7

AC83 AC8 Holocene dark brown paleosol 18,31 32,08 4,00 18,57 3,57 0,80 3,33 0,43 2,35 0,41 1,16 0,15 0,91 0,13 94,4 0,05 0,22 17 4,09 1,73 5,78 8,53 0,1 24,8 562 0,05 9,22 12,6 AC83 26,8 0,1 1,54 6,76 27,5 0,23 1,64 29,7 0,47 0,06 5,27

AC84 AC8 Holocene dark brown paleosol 23,41 41,66 5,20 23,71 4,55 0,99 4,15 0,53 2,85 0,49 1,39 0,17 1,08 0,16 132 0,04 0,3 23,1 5,74 1,58 8,3 10,3 0,09 31,5 612 0,07 10,2 18,8 AC84 23,8 0,11 1,77 8,19 32,1 0,24 1,88 25,13 0,58 0,07 6,15

AC85 AC8 Holocene dark brown paleosol 18,27 32,11 4,00 18,47 3,57 0,79 3,29 0,42 2,31 0,40 1,14 0,14 0,88 0,13 151 0,05 0,53 25,2 5,91 2,76 13,6 10,3 0,13 31,8 529 0,08 12,5 22,1 AC85 28,4 0,09 1,48 6,07 24,9 0,23 1,49 32,08 0,42 0,05 4,79

AC86 AC8 Holocene dark brown paleosol 21,58 36,88 4,66 21,35 4,09 0,90 3,80 0,49 2,62 0,46 1,31 0,16 1,02 0,14 146 0,05 0,27 30,2 6,98 6,29 10,45 12 0,14 39,2 435 0,11 14,2 28,3 AC86 25,5 0,1 1,64 7,33 29,2 0,26 1,74 27,94 0,52 0,07 5,73

AC87 AC8 Holocene dark brown paleosol 18,44 31,30 4,00 18,26 3,48 0,77 3,30 0,42 2,30 0,40 1,16 0,14 0,91 0,13 89,9 0,03 0,25 18,3 4,27 3,57 7,65 8,7 0,08 25,3 627 0,06 6,58 14,8 AC87 28,2 0,09 1,5 6,38 25,7 0,23 1,56 30,81 0,43 0,05 5,04

AC88 AC8 Holocene dark brown paleosol 18,75 32,04 4,09 18,53 3,61 0,79 3,39 0,43 2,34 0,41 1,17 0,14 0,92 0,13 100 0,03 0,29 18,3 4,6 2,87 7,8 8,37 0,1 27 606 0,06 4,25 14,7 AC88 29,4 0,08 1,41 5,69 23,3 0,22 1,42 33,43 0,39 0,05 4,59

AC89 AC8 Holocene dark brown paleosol 16,57 28,85 3,62 16,43 3,22 0,69 3,01 0,39 2,10 0,37 1,04 0,12 0,83 0,12 90,2 0,03 0,54 16,8 4,09 2,82 12,74 7,8 0,08 24,1 651 0,07 4,57 16 AC89 28 0,09 1,52 6,34 26 0,2 1,53 30,85 0,44 0,05 4,99

PB1 PB Pleistocene sediment 20,47 36,14 4,57 20,74 3,98 0,87 3,62 0,47 2,57 0,44 1,25 0,15 0,97 0,14 106 0,04 0,34 16,7 4,92 3,46 11,3 18,5 0,11 28,3 784 0,04 12,2 21,3 PB1 23,9 0,13 1,66 7,96 31,2 0,11 1,85 26,7 0,57 0,07 5,9

PB2 PB Pleistocene sediment 18,50 33,74 4,14 18,84 3,63 0,79 3,33 0,43 2,31 0,40 1,13 0,14 0,90 0,13 124 0,02 0,17 13,8 4,76 2,72 7,16 15,1 0,09 26,4 722 0,03 7,75 18,1 PB2 25,9 0,1 1,44 6,86 27,5 0,13 1,65 30,29 0,51 0,05 5,59

PB3 PB Holocene dark brown paleosol 24,88 45,20 5,57 25,51 4,94 1,10 4,51 0,59 3,19 0,56 1,56 0,19 1,23 0,18 136 0,02 0,18 19,9 6,01 4,75 8,25 16,1 0,1 30,7 591 0,06 12 19,7 PB3 18,5 0,13 2,23 11,2 40,8 0,14 2,18 17,04 0,77 0,08 6,96

PB4 PB Holocene dark brown paleosol 16,78 29,08 3,76 17,37 3,42 0,79 3,20 0,43 2,32 0,42 1,16 0,14 0,95 0,13 127 0,02 0,19 19,4 5,26 3,42 7,82 16,1 0,1 29 603 0,04 10,9 18,8 PB4 15,3 0,12 2,23 11,8 44,2 0,12 2,43 14,74 0,89 0,09 8,04

PB5 PB Holocene dark brown paleosol 29,12 54,51 6,54 29,50 5,71 1,25 5,19 0,67 3,55 0,61 1,74 0,22 1,37 0,19 145 0,01 0,19 22,9 7,12 4,72 8,93 18 0,11 34,7 543 0,07 11,9 24,7 PB5 28,3 0,1 1,57 6,71 27,5 0,14 1,44 28,73 0,48 0,05 4,95

PB6 PB Redeposited Miocene marl sediment 14,08 23,21 3,14 14,50 2,92 0,67 2,75 0,37 2,02 0,36 1,03 0,13 0,84 0,12 123 0 0,19 18,2 5,83 3,83 8,1 14,3 0,08 30,6 517 0,05 9,36 16,2 PB6 28,8 0,1 1,5 5,93 25,3 0,16 1,29 32,05 0,41 0,04 4,4

PB7 PB Redeposited Miocene marl sediment 11,00 19,06 2,46 11,35 2,23 0,50 2,11 0,28 1,55 0,27 0,79 0,10 0,62 0,08 164 0,02 0,2 27,1 7,45 7,47 10,5 20,2 0,13 37,3 565 0,08 16,6 29,8 PB7 26,6 0,1 1,46 6,95 27,3 0,2 1,63 30,08 0,49 0,06 5,14

LP1 LP Pleistocene sediment 14,73 27,29 3,42 15,84 3,17 0,71 2,98 0,40 2,18 0,38 1,09 0,13 0,83 0,12 170 0,02 0,2 22,3 7,16 5,6 10,2 17,4 0,09 36,3 596 0,06 11,1 25,2 LP1 25,8 0,1 1,37 7,64 27,8 0,12 1,75 29,18 0,54 0,04 5,68

LP2 LP Pleistocene sediment 17,09 32,05 3,94 18,15 3,59 0,79 3,34 0,44 2,43 0,42 1,21 0,15 0,93 0,13 103 0,07 0,21 24 7,87 4,8 9,61 15,2 0,18 32,2 362 0,1 18,4 18,9 LP2 24,5 0,11 1,48 8,3 30 0,13 1,87 26,91 0,6 0,05 6,05

LP3 LP Holocene dark brown paleosol 14,33 25,96 3,23 14,94 2,92 0,66 2,75 0,36 1,97 0,34 0,98 0,12 0,77 0,11 111 0,08 0,33 26,4 8,67 4,69 10,5 17,1 0,22 34,7 352 0,1 21,1 22,4 LP3 25,2 0,11 1,55 8,41 30,2 0,12 1,8 25,92 0,6 0,06 6,11

LP4 LP Holocene dark brown paleosol 14,37 26,08 3,27 14,96 2,96 0,66 2,75 0,36 2,02 0,35 0,99 0,12 0,76 0,11 106 0,05 0,17 24,6 7,9 4,2 9,7 14,9 0,18 36,2 485 0,08 19,1 20,6 LP4 27,9 0,1 1,37 7,21 26,1 0,13 1,59 29,69 0,52 0,05 5,35

LP5 LP Miocene marl sediment 8,70 14,35 1,96 9,14 1,90 0,45 1,85 0,25 1,42 0,26 0,73 0,09 0,57 0,08 107 0,05 0,29 24,2 7,93 3,64 10,5 15,1 0,15 36,5 478 0,08 19,5 23,3 LP5 35,1 0,08 1,01 4,47 17 0,15 1,12 37,45 0,31 0,03 3,34

LP6 LP Miocene marl sediment 8,44 14,15 1,87 8,58 1,75 0,40 1,63 0,21 1,18 0,21 0,61 0,07 0,48 0,07 94,2 0,03 0,17 13,6 5,6 4,14 8,13 10,2 0,11 32,1 691 0,04 14,1 13,8 LP6 36,2 0,07 0,94 3,98 15,4 0,16 1,05 39 0,27 0,03 2,92

BF 9 BF Miocene marl sediment 11,36 18,68 2,49 11,56 2,31 0,53 2,21 0,30 1,71 0,31 0,89 0,11 0,70 0,10 109 0,07 0,14 14,9 4,97 2,68 7,17 12 0,17 31 678 0,03 24,4 12,6 BF9 31,3 0,08 1,65 4,71 21 0,16 1,18 36,06 0,32 0,03 3,47

BF 8 BF Miocene marl sediment 12,10 20,01 2,67 12,26 2,49 0,58 2,34 0,32 1,82 0,33 0,95 0,12 0,74 0,11 145 0,15 0,18 30,8 8,62 10,1 12 20 0,7 38,3 495 0,13 36,2 28,8 BF8 30,6 0,08 1,53 5,05 22 0,16 1,26 35,04 0,35 0,04 3,81

BF 7 BF Miocene marl sediment 11,62 18,98 2,56 11,76 2,37 0,54 2,23 0,31 1,75 0,31 0,90 0,11 0,71 0,10 126 0,13 0,18 27,3 8,07 5,75 10,9 20 0,5 37 537 0,1 32,6 23,8 BF7 31 0,08 1,66 4,84 21,7 0,17 1,22 35,4 0,33 0,04 3,56

BF 6 BF Holocene dark brown paleosol 17,33 29,43 3,81 17,45 3,44 0,79 3,22 0,44 2,45 0,44 1,26 0,16 1,00 0,14 149 0,03 0,19 34,7 10,6 11,4 15,6 20,8 0,29 45,7 294 0,13 22,8 38,6 BF6 29,9 0,08 1,66 5,69 23,3 0,15 1,35 33,09 0,39 0,04 4,35

BF 5 BF Holocene dark brown paleosol 14,35 24,08 3,20 14,69 2,94 0,68 2,77 0,38 2,14 0,39 1,12 0,14 0,88 0,12 130 0,04 0,3 23,7 7,67 11,8 12,9 17 0,12 36,7 507 0,11 37,6 33,8 BF5 28,7 0,09 1,67 6,13 25,1 0,15 1,4 31,73 0,43 0,04 4,64

BF 4 BF Holocene dark brown paleosol 13,26 22,49 2,95 13,46 2,73 0,63 2,58 0,35 1,98 0,36 1,01 0,13 0,81 0,11 158 0,04 0,22 39,9 12,2 14,2 18,4 21,6 0,23 49,4 211 0,16 27,3 52,5 BF4 25,5 0,13 1,93 7,68 30,4 0,16 1,71 26,15 0,55 0,07 5,75

BF 3 BF Holocene light brown paleosol 9,74 16,20 2,16 9,96 1,98 0,45 1,88 0,25 1,44 0,26 0,74 0,09 0,58 0,08 119 0,02 0,14 18,3 6,59 5,59 9,42 14,8 0,1 34,4 600 0,05 13,7 16,5 BF3 31,5 0,07 1,45 4,68 20,3 0,16 1,19 36,7 0,33 0,04 3,6

BF 2 BF Holocene light brown paleosol 8,98 14,43 1,98 9,28 1,93 0,45 1,86 0,25 1,45 0,26 0,75 0,09 0,60 0,08 63,4 0,04 0,2 17,2 4,91 3,39 6,09 17,1 0,09 29,9 718 0,04 10 21,7 BF2 32,3 0,08 1,44 4,48 19,6 0,18 1,21 36,98 0,29 0,04 3,49

BF 1 BF Holocene light brown paleosol 9,21 14,67 2,05 9,60 2,01 0,48 1,94 0,27 1,53 0,27 0,78 0,10 0,61 0,09 116 0,12 0,17 24,1 7,56 7,11 9,57 18,9 0,19 35,5 454 0,09 29 26,1 BF1 31,3 0,09 1,51 4,57 21,1 0,17 1,18 36,1 0,29 0,05 3,61

BK51 BK5 Redeposited Miocene marl sediment 10,97 17,84 2,43 11,24 2,28 0,53 2,17 0,30 1,67 0,30 0,86 0,11 0,68 0,10 65 0,08 0,24 21,4 5,04 0,75 6,53 22,1 0,13 28,8 780 0,05 23,9 16,5 BK51 29,9 0,12 2,05 4,55 24 0,17 1,19 34,15 0,31 0,04 3,55

BK52 BK5 Redeposited Miocene marl sediment 9,77 15,68 2,18 10,13 2,09 0,49 1,99 0,27 1,54 0,28 0,80 0,10 0,64 0,09 100 0,12 0,22 27 7,21 8,57 10,4 22,6 0,21 35,4 544 0,1 26 24,5 BK52 31,1 0,1 1,84 4,26 21,4 0,17 1,15 36,19 0,3 0,04 3,41

BK53 BK5 Holocene dark brown paleosol 11,97 19,95 2,66 12,30 2,51 0,58 2,36 0,32 1,79 0,32 0,92 0,11 0,73 0,10 122 0,15 0,22 33,6 8,93 11,3 12,6 29 0,3 41,6 517 0,12 35 33,9 BK53 29,1 0,12 2 5,21 24,3 0,15 1,32 33,23 0,37 0,05 4,15

BK54 BK5 Holocene dark brown paleosol 11,84 19,45 2,64 12,22 2,48 0,57 2,34 0,32 1,78 0,32 0,91 0,11 0,72 0,10 98,2 0,11 0,23 26,8 7,07 8,17 10,4 26,7 0,2 37,5 555 0,09 29,4 26,6 BK54 29 0,13 2,01 5,26 24,4 0,16 1,32 33,1 0,37 0,05 4,19

BK55 BK5 Modern developed soil 13,66 23,08 3,04 14,10 2,83 0,65 2,62 0,36 1,99 0,35 1,00 0,13 0,79 0,11 113 0,13 0,23 30,3 7,77 11,8 11,4 26,9 0,26 39,5 542 0,11 31,7 30,9 BK55 26,8 0,12 2,14 6,28 28,1 0,17 1,56 29,13 0,48 0,06 5,18

BK56 BK5 Modern developed soil 12,00 19,59 2,63 12,35 2,51 0,58 2,37 0,32 1,86 0,33 0,95 0,12 0,74 0,11 95,1 0,11 0,22 27,1 7,37 6,89 9,55 28,3 0,21 37,1 611 0,1 30,3 24,7 BK56 27,4 0,11 1,97 5,87 26,4 0,16 1,54 30,85 0,47 0,06 5,18

BK57 BK5 Modern developed soil 16,56 27,93 3,66 16,76 3,33 0,76 3,08 0,41 2,29 0,41 1,16 0,14 0,90 0,13 99,3 0,12 0,2 29,2 7,21 7,69 9,92 31,2 0,2 39,5 670 0,1 35 23,7 BK57 26,7 0,12 2,13 6,3 28,7 0,18 1,56 28,57 0,5 0,07 5,23

BK58 BK5 Modern developed soil 15,31 25,22 3,41 15,99 3,18 0,76 3,02 0,41 2,33 0,42 1,18 0,15 0,93 0,13 102 0,11 0,21 24,3 7,7 6,31 10,5 26,1 0,23 36,9 578 0,11 28,6 19 BK58 25,3 0,12 2,13 6,49 30,2 0,18 1,64 27,65 0,54 0,08 5,69
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Annex I. REE composition of the studied samples by ICP-MS. Note: Concentration of rare earth elements elements in µg/g. 
SAMPLES SECTIONS CLASS La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ba Bi Cd Cr Co Cu Pb Li Mo Ni Sr Tl V Zn SAMPLE L.O.I. Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3 T

MD1 MD Holocene light brown paleosol 14,82 22,25 3,11 14,31 2,92 0,68 2,94 0,41 2,35 0,44 1,26 0,16 1,03 0,15 119 0,01 0,39 20,1 4,59 8,71 6,59 5,72 0,2 35,4 844 0,1 2,2 33,3

MD3 MD Holocene light brown paleosol 10,74 15,15 2,25 10,55 2,17 0,52 2,22 0,31 1,83 0,35 1,02 0,13 0,82 0,12 107 0,02 0,48 16,8 2,96 2,81 7,33 5,9 0,28 27,2 1053 0,07 0,05 21,1

MD5 MD Holocene light brown paleosol 10,10 14,19 2,14 9,99 2,06 0,49 2,08 0,30 1,74 0,33 0,98 0,13 0,79 0,12 84,6 0,01 0,62 15 2,76 2,37 8,11 5,39 0,28 23,9 1074 0,05 0,34 19,2

MD7 MD Holocene light brown paleosol 11,38 16,06 2,42 11,29 2,32 0,54 2,34 0,33 1,94 0,37 1,08 0,14 0,89 0,13 97,4 0,02 0,42 16,8 3,35 3,18 5,73 6,29 0,43 28,5 1169 0,06 1,99 19,9

MD9 MD Holocene light brown paleosol 12,10 16,71 2,56 11,94 2,47 0,57 2,50 0,36 2,11 0,40 1,18 0,15 0,96 0,14 88,7 0,02 0,42 18,5 3,32 3,51 5,05 6,57 0,41 28,2 1217 0,07 2,61 19,4

MD11 MD Holocene light brown paleosol 10,80 15,17 2,27 10,71 2,20 0,52 2,25 0,32 1,85 0,35 1,03 0,13 0,84 0,12 94,3 0,04 0,44 17,8 4,48 2,74 7,18 7,29 0,57 30,2 1312 0,06 5,81 16

MD13 MD Holocene light brown paleosol 13,63 21,10 3,00 13,94 2,87 0,67 2,83 0,39 2,29 0,43 1,24 0,16 0,98 0,14 105 0,06 1,33 22,2 5,15 7,23 42,9 10,2 0,31 33,6 969 0,1 7,51 28,4

AC81 AC8 Holocene dark brown paleosol 16,95 30,43 3,76 9,09 3,28 0,71 2,98 0,38 2,03 0,35 1,02 0,12 0,80 0,11 97,6 0,03 0,45 22,9 4,1 3,6 9,9 10,4 0,05 30,1 853 0,05 5,45 14,6 AC81 30,9 0,07 1,2 4,47 20,5 0,18 1,08 37,87 0,3 0,04 3,42

AC82 AC8 Holocene dark brown paleosol 13,72 22,84 2,96 13,54 2,63 0,57 2,43 0,31 1,74 0,30 0,87 0,10 0,67 0,10 126 0,05 0,42 14,7 4,09 2,9 9,24 9,92 0,07 30,6 823 0,05 6,91 14,7 AC82 30,5 0,08 1,26 4,66 21,2 0,18 1,13 36,93 0,33 0,04 3,7

AC83 AC8 Holocene dark brown paleosol 18,31 32,08 4,00 18,57 3,57 0,80 3,33 0,43 2,35 0,41 1,16 0,15 0,91 0,13 94,4 0,05 0,22 17 4,09 1,73 5,78 8,53 0,1 24,8 562 0,05 9,22 12,6 AC83 26,8 0,1 1,54 6,76 27,5 0,23 1,64 29,7 0,47 0,06 5,27

AC84 AC8 Holocene dark brown paleosol 23,41 41,66 5,20 23,71 4,55 0,99 4,15 0,53 2,85 0,49 1,39 0,17 1,08 0,16 132 0,04 0,3 23,1 5,74 1,58 8,3 10,3 0,09 31,5 612 0,07 10,2 18,8 AC84 23,8 0,11 1,77 8,19 32,1 0,24 1,88 25,13 0,58 0,07 6,15

AC85 AC8 Holocene dark brown paleosol 18,27 32,11 4,00 18,47 3,57 0,79 3,29 0,42 2,31 0,40 1,14 0,14 0,88 0,13 151 0,05 0,53 25,2 5,91 2,76 13,6 10,3 0,13 31,8 529 0,08 12,5 22,1 AC85 28,4 0,09 1,48 6,07 24,9 0,23 1,49 32,08 0,42 0,05 4,79

AC86 AC8 Holocene dark brown paleosol 21,58 36,88 4,66 21,35 4,09 0,90 3,80 0,49 2,62 0,46 1,31 0,16 1,02 0,14 146 0,05 0,27 30,2 6,98 6,29 10,45 12 0,14 39,2 435 0,11 14,2 28,3 AC86 25,5 0,1 1,64 7,33 29,2 0,26 1,74 27,94 0,52 0,07 5,73

AC87 AC8 Holocene dark brown paleosol 18,44 31,30 4,00 18,26 3,48 0,77 3,30 0,42 2,30 0,40 1,16 0,14 0,91 0,13 89,9 0,03 0,25 18,3 4,27 3,57 7,65 8,7 0,08 25,3 627 0,06 6,58 14,8 AC87 28,2 0,09 1,5 6,38 25,7 0,23 1,56 30,81 0,43 0,05 5,04

AC88 AC8 Holocene dark brown paleosol 18,75 32,04 4,09 18,53 3,61 0,79 3,39 0,43 2,34 0,41 1,17 0,14 0,92 0,13 100 0,03 0,29 18,3 4,6 2,87 7,8 8,37 0,1 27 606 0,06 4,25 14,7 AC88 29,4 0,08 1,41 5,69 23,3 0,22 1,42 33,43 0,39 0,05 4,59

AC89 AC8 Holocene dark brown paleosol 16,57 28,85 3,62 16,43 3,22 0,69 3,01 0,39 2,10 0,37 1,04 0,12 0,83 0,12 90,2 0,03 0,54 16,8 4,09 2,82 12,74 7,8 0,08 24,1 651 0,07 4,57 16 AC89 28 0,09 1,52 6,34 26 0,2 1,53 30,85 0,44 0,05 4,99

PB1 PB Pleistocene sediment 20,47 36,14 4,57 20,74 3,98 0,87 3,62 0,47 2,57 0,44 1,25 0,15 0,97 0,14 106 0,04 0,34 16,7 4,92 3,46 11,3 18,5 0,11 28,3 784 0,04 12,2 21,3 PB1 23,9 0,13 1,66 7,96 31,2 0,11 1,85 26,7 0,57 0,07 5,9

PB2 PB Pleistocene sediment 18,50 33,74 4,14 18,84 3,63 0,79 3,33 0,43 2,31 0,40 1,13 0,14 0,90 0,13 124 0,02 0,17 13,8 4,76 2,72 7,16 15,1 0,09 26,4 722 0,03 7,75 18,1 PB2 25,9 0,1 1,44 6,86 27,5 0,13 1,65 30,29 0,51 0,05 5,59

PB3 PB Holocene dark brown paleosol 24,88 45,20 5,57 25,51 4,94 1,10 4,51 0,59 3,19 0,56 1,56 0,19 1,23 0,18 136 0,02 0,18 19,9 6,01 4,75 8,25 16,1 0,1 30,7 591 0,06 12 19,7 PB3 18,5 0,13 2,23 11,2 40,8 0,14 2,18 17,04 0,77 0,08 6,96

PB4 PB Holocene dark brown paleosol 16,78 29,08 3,76 17,37 3,42 0,79 3,20 0,43 2,32 0,42 1,16 0,14 0,95 0,13 127 0,02 0,19 19,4 5,26 3,42 7,82 16,1 0,1 29 603 0,04 10,9 18,8 PB4 15,3 0,12 2,23 11,8 44,2 0,12 2,43 14,74 0,89 0,09 8,04

PB5 PB Holocene dark brown paleosol 29,12 54,51 6,54 29,50 5,71 1,25 5,19 0,67 3,55 0,61 1,74 0,22 1,37 0,19 145 0,01 0,19 22,9 7,12 4,72 8,93 18 0,11 34,7 543 0,07 11,9 24,7 PB5 28,3 0,1 1,57 6,71 27,5 0,14 1,44 28,73 0,48 0,05 4,95

PB6 PB Redeposited Miocene marl sediment 14,08 23,21 3,14 14,50 2,92 0,67 2,75 0,37 2,02 0,36 1,03 0,13 0,84 0,12 123 0 0,19 18,2 5,83 3,83 8,1 14,3 0,08 30,6 517 0,05 9,36 16,2 PB6 28,8 0,1 1,5 5,93 25,3 0,16 1,29 32,05 0,41 0,04 4,4

PB7 PB Redeposited Miocene marl sediment 11,00 19,06 2,46 11,35 2,23 0,50 2,11 0,28 1,55 0,27 0,79 0,10 0,62 0,08 164 0,02 0,2 27,1 7,45 7,47 10,5 20,2 0,13 37,3 565 0,08 16,6 29,8 PB7 26,6 0,1 1,46 6,95 27,3 0,2 1,63 30,08 0,49 0,06 5,14

LP1 LP Pleistocene sediment 14,73 27,29 3,42 15,84 3,17 0,71 2,98 0,40 2,18 0,38 1,09 0,13 0,83 0,12 170 0,02 0,2 22,3 7,16 5,6 10,2 17,4 0,09 36,3 596 0,06 11,1 25,2 LP1 25,8 0,1 1,37 7,64 27,8 0,12 1,75 29,18 0,54 0,04 5,68

LP2 LP Pleistocene sediment 17,09 32,05 3,94 18,15 3,59 0,79 3,34 0,44 2,43 0,42 1,21 0,15 0,93 0,13 103 0,07 0,21 24 7,87 4,8 9,61 15,2 0,18 32,2 362 0,1 18,4 18,9 LP2 24,5 0,11 1,48 8,3 30 0,13 1,87 26,91 0,6 0,05 6,05

LP3 LP Holocene dark brown paleosol 14,33 25,96 3,23 14,94 2,92 0,66 2,75 0,36 1,97 0,34 0,98 0,12 0,77 0,11 111 0,08 0,33 26,4 8,67 4,69 10,5 17,1 0,22 34,7 352 0,1 21,1 22,4 LP3 25,2 0,11 1,55 8,41 30,2 0,12 1,8 25,92 0,6 0,06 6,11

LP4 LP Holocene dark brown paleosol 14,37 26,08 3,27 14,96 2,96 0,66 2,75 0,36 2,02 0,35 0,99 0,12 0,76 0,11 106 0,05 0,17 24,6 7,9 4,2 9,7 14,9 0,18 36,2 485 0,08 19,1 20,6 LP4 27,9 0,1 1,37 7,21 26,1 0,13 1,59 29,69 0,52 0,05 5,35

LP5 LP Miocene marl sediment 8,70 14,35 1,96 9,14 1,90 0,45 1,85 0,25 1,42 0,26 0,73 0,09 0,57 0,08 107 0,05 0,29 24,2 7,93 3,64 10,5 15,1 0,15 36,5 478 0,08 19,5 23,3 LP5 35,1 0,08 1,01 4,47 17 0,15 1,12 37,45 0,31 0,03 3,34

LP6 LP Miocene marl sediment 8,44 14,15 1,87 8,58 1,75 0,40 1,63 0,21 1,18 0,21 0,61 0,07 0,48 0,07 94,2 0,03 0,17 13,6 5,6 4,14 8,13 10,2 0,11 32,1 691 0,04 14,1 13,8 LP6 36,2 0,07 0,94 3,98 15,4 0,16 1,05 39 0,27 0,03 2,92

BF 9 BF Miocene marl sediment 11,36 18,68 2,49 11,56 2,31 0,53 2,21 0,30 1,71 0,31 0,89 0,11 0,70 0,10 109 0,07 0,14 14,9 4,97 2,68 7,17 12 0,17 31 678 0,03 24,4 12,6 BF9 31,3 0,08 1,65 4,71 21 0,16 1,18 36,06 0,32 0,03 3,47

BF 8 BF Miocene marl sediment 12,10 20,01 2,67 12,26 2,49 0,58 2,34 0,32 1,82 0,33 0,95 0,12 0,74 0,11 145 0,15 0,18 30,8 8,62 10,1 12 20 0,7 38,3 495 0,13 36,2 28,8 BF8 30,6 0,08 1,53 5,05 22 0,16 1,26 35,04 0,35 0,04 3,81

BF 7 BF Miocene marl sediment 11,62 18,98 2,56 11,76 2,37 0,54 2,23 0,31 1,75 0,31 0,90 0,11 0,71 0,10 126 0,13 0,18 27,3 8,07 5,75 10,9 20 0,5 37 537 0,1 32,6 23,8 BF7 31 0,08 1,66 4,84 21,7 0,17 1,22 35,4 0,33 0,04 3,56

BF 6 BF Holocene dark brown paleosol 17,33 29,43 3,81 17,45 3,44 0,79 3,22 0,44 2,45 0,44 1,26 0,16 1,00 0,14 149 0,03 0,19 34,7 10,6 11,4 15,6 20,8 0,29 45,7 294 0,13 22,8 38,6 BF6 29,9 0,08 1,66 5,69 23,3 0,15 1,35 33,09 0,39 0,04 4,35

BF 5 BF Holocene dark brown paleosol 14,35 24,08 3,20 14,69 2,94 0,68 2,77 0,38 2,14 0,39 1,12 0,14 0,88 0,12 130 0,04 0,3 23,7 7,67 11,8 12,9 17 0,12 36,7 507 0,11 37,6 33,8 BF5 28,7 0,09 1,67 6,13 25,1 0,15 1,4 31,73 0,43 0,04 4,64

BF 4 BF Holocene dark brown paleosol 13,26 22,49 2,95 13,46 2,73 0,63 2,58 0,35 1,98 0,36 1,01 0,13 0,81 0,11 158 0,04 0,22 39,9 12,2 14,2 18,4 21,6 0,23 49,4 211 0,16 27,3 52,5 BF4 25,5 0,13 1,93 7,68 30,4 0,16 1,71 26,15 0,55 0,07 5,75

BF 3 BF Holocene light brown paleosol 9,74 16,20 2,16 9,96 1,98 0,45 1,88 0,25 1,44 0,26 0,74 0,09 0,58 0,08 119 0,02 0,14 18,3 6,59 5,59 9,42 14,8 0,1 34,4 600 0,05 13,7 16,5 BF3 31,5 0,07 1,45 4,68 20,3 0,16 1,19 36,7 0,33 0,04 3,6

BF 2 BF Holocene light brown paleosol 8,98 14,43 1,98 9,28 1,93 0,45 1,86 0,25 1,45 0,26 0,75 0,09 0,60 0,08 63,4 0,04 0,2 17,2 4,91 3,39 6,09 17,1 0,09 29,9 718 0,04 10 21,7 BF2 32,3 0,08 1,44 4,48 19,6 0,18 1,21 36,98 0,29 0,04 3,49

BF 1 BF Holocene light brown paleosol 9,21 14,67 2,05 9,60 2,01 0,48 1,94 0,27 1,53 0,27 0,78 0,10 0,61 0,09 116 0,12 0,17 24,1 7,56 7,11 9,57 18,9 0,19 35,5 454 0,09 29 26,1 BF1 31,3 0,09 1,51 4,57 21,1 0,17 1,18 36,1 0,29 0,05 3,61

BK51 BK5 Redeposited Miocene marl sediment 10,97 17,84 2,43 11,24 2,28 0,53 2,17 0,30 1,67 0,30 0,86 0,11 0,68 0,10 65 0,08 0,24 21,4 5,04 0,75 6,53 22,1 0,13 28,8 780 0,05 23,9 16,5 BK51 29,9 0,12 2,05 4,55 24 0,17 1,19 34,15 0,31 0,04 3,55

BK52 BK5 Redeposited Miocene marl sediment 9,77 15,68 2,18 10,13 2,09 0,49 1,99 0,27 1,54 0,28 0,80 0,10 0,64 0,09 100 0,12 0,22 27 7,21 8,57 10,4 22,6 0,21 35,4 544 0,1 26 24,5 BK52 31,1 0,1 1,84 4,26 21,4 0,17 1,15 36,19 0,3 0,04 3,41

BK53 BK5 Holocene dark brown paleosol 11,97 19,95 2,66 12,30 2,51 0,58 2,36 0,32 1,79 0,32 0,92 0,11 0,73 0,10 122 0,15 0,22 33,6 8,93 11,3 12,6 29 0,3 41,6 517 0,12 35 33,9 BK53 29,1 0,12 2 5,21 24,3 0,15 1,32 33,23 0,37 0,05 4,15

BK54 BK5 Holocene dark brown paleosol 11,84 19,45 2,64 12,22 2,48 0,57 2,34 0,32 1,78 0,32 0,91 0,11 0,72 0,10 98,2 0,11 0,23 26,8 7,07 8,17 10,4 26,7 0,2 37,5 555 0,09 29,4 26,6 BK54 29 0,13 2,01 5,26 24,4 0,16 1,32 33,1 0,37 0,05 4,19

BK55 BK5 Modern developed soil 13,66 23,08 3,04 14,10 2,83 0,65 2,62 0,36 1,99 0,35 1,00 0,13 0,79 0,11 113 0,13 0,23 30,3 7,77 11,8 11,4 26,9 0,26 39,5 542 0,11 31,7 30,9 BK55 26,8 0,12 2,14 6,28 28,1 0,17 1,56 29,13 0,48 0,06 5,18

BK56 BK5 Modern developed soil 12,00 19,59 2,63 12,35 2,51 0,58 2,37 0,32 1,86 0,33 0,95 0,12 0,74 0,11 95,1 0,11 0,22 27,1 7,37 6,89 9,55 28,3 0,21 37,1 611 0,1 30,3 24,7 BK56 27,4 0,11 1,97 5,87 26,4 0,16 1,54 30,85 0,47 0,06 5,18

BK57 BK5 Modern developed soil 16,56 27,93 3,66 16,76 3,33 0,76 3,08 0,41 2,29 0,41 1,16 0,14 0,90 0,13 99,3 0,12 0,2 29,2 7,21 7,69 9,92 31,2 0,2 39,5 670 0,1 35 23,7 BK57 26,7 0,12 2,13 6,3 28,7 0,18 1,56 28,57 0,5 0,07 5,23

BK58 BK5 Modern developed soil 15,31 25,22 3,41 15,99 3,18 0,76 3,02 0,41 2,33 0,42 1,18 0,15 0,93 0,13 102 0,11 0,21 24,3 7,7 6,31 10,5 26,1 0,23 36,9 578 0,11 28,6 19 BK58 25,3 0,12 2,13 6,49 30,2 0,18 1,64 27,65 0,54 0,08 5,69
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Annex II. REE sample values normalized to the Post-Archean Australian Shale (PAAS).
SAMPLES SECTIONS CLASS La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ba Bi Cd Cr Co Cu Pb Li Mo Ni Sr Tl V Zn SAMPLE L.O.I. Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3 T

MD1 MD Holocene light brown paleosol 14,82 22,25 3,11 14,31 2,92 0,68 2,94 0,41 2,35 0,44 1,26 0,16 1,03 0,15 119 0,01 0,39 20,1 4,59 8,71 6,59 5,72 0,2 35,4 844 0,1 2,2 33,3

MD3 MD Holocene light brown paleosol 10,74 15,15 2,25 10,55 2,17 0,52 2,22 0,31 1,83 0,35 1,02 0,13 0,82 0,12 107 0,02 0,48 16,8 2,96 2,81 7,33 5,9 0,28 27,2 1053 0,07 0,05 21,1

MD5 MD Holocene light brown paleosol 10,10 14,19 2,14 9,99 2,06 0,49 2,08 0,30 1,74 0,33 0,98 0,13 0,79 0,12 84,6 0,01 0,62 15 2,76 2,37 8,11 5,39 0,28 23,9 1074 0,05 0,34 19,2

MD7 MD Holocene light brown paleosol 11,38 16,06 2,42 11,29 2,32 0,54 2,34 0,33 1,94 0,37 1,08 0,14 0,89 0,13 97,4 0,02 0,42 16,8 3,35 3,18 5,73 6,29 0,43 28,5 1169 0,06 1,99 19,9

MD9 MD Holocene light brown paleosol 12,10 16,71 2,56 11,94 2,47 0,57 2,50 0,36 2,11 0,40 1,18 0,15 0,96 0,14 88,7 0,02 0,42 18,5 3,32 3,51 5,05 6,57 0,41 28,2 1217 0,07 2,61 19,4

MD11 MD Holocene light brown paleosol 10,80 15,17 2,27 10,71 2,20 0,52 2,25 0,32 1,85 0,35 1,03 0,13 0,84 0,12 94,3 0,04 0,44 17,8 4,48 2,74 7,18 7,29 0,57 30,2 1312 0,06 5,81 16

MD13 MD Holocene light brown paleosol 13,63 21,10 3,00 13,94 2,87 0,67 2,83 0,39 2,29 0,43 1,24 0,16 0,98 0,14 105 0,06 1,33 22,2 5,15 7,23 42,9 10,2 0,31 33,6 969 0,1 7,51 28,4

AC81 AC8 Holocene dark brown paleosol 16,95 30,43 3,76 9,09 3,28 0,71 2,98 0,38 2,03 0,35 1,02 0,12 0,80 0,11 97,6 0,03 0,45 22,9 4,1 3,6 9,9 10,4 0,05 30,1 853 0,05 5,45 14,6 AC81 30,9 0,07 1,2 4,47 20,5 0,18 1,08 37,87 0,3 0,04 3,42

AC82 AC8 Holocene dark brown paleosol 13,72 22,84 2,96 13,54 2,63 0,57 2,43 0,31 1,74 0,30 0,87 0,10 0,67 0,10 126 0,05 0,42 14,7 4,09 2,9 9,24 9,92 0,07 30,6 823 0,05 6,91 14,7 AC82 30,5 0,08 1,26 4,66 21,2 0,18 1,13 36,93 0,33 0,04 3,7

AC83 AC8 Holocene dark brown paleosol 18,31 32,08 4,00 18,57 3,57 0,80 3,33 0,43 2,35 0,41 1,16 0,15 0,91 0,13 94,4 0,05 0,22 17 4,09 1,73 5,78 8,53 0,1 24,8 562 0,05 9,22 12,6 AC83 26,8 0,1 1,54 6,76 27,5 0,23 1,64 29,7 0,47 0,06 5,27

AC84 AC8 Holocene dark brown paleosol 23,41 41,66 5,20 23,71 4,55 0,99 4,15 0,53 2,85 0,49 1,39 0,17 1,08 0,16 132 0,04 0,3 23,1 5,74 1,58 8,3 10,3 0,09 31,5 612 0,07 10,2 18,8 AC84 23,8 0,11 1,77 8,19 32,1 0,24 1,88 25,13 0,58 0,07 6,15

AC85 AC8 Holocene dark brown paleosol 18,27 32,11 4,00 18,47 3,57 0,79 3,29 0,42 2,31 0,40 1,14 0,14 0,88 0,13 151 0,05 0,53 25,2 5,91 2,76 13,6 10,3 0,13 31,8 529 0,08 12,5 22,1 AC85 28,4 0,09 1,48 6,07 24,9 0,23 1,49 32,08 0,42 0,05 4,79

AC86 AC8 Holocene dark brown paleosol 21,58 36,88 4,66 21,35 4,09 0,90 3,80 0,49 2,62 0,46 1,31 0,16 1,02 0,14 146 0,05 0,27 30,2 6,98 6,29 10,45 12 0,14 39,2 435 0,11 14,2 28,3 AC86 25,5 0,1 1,64 7,33 29,2 0,26 1,74 27,94 0,52 0,07 5,73

AC87 AC8 Holocene dark brown paleosol 18,44 31,30 4,00 18,26 3,48 0,77 3,30 0,42 2,30 0,40 1,16 0,14 0,91 0,13 89,9 0,03 0,25 18,3 4,27 3,57 7,65 8,7 0,08 25,3 627 0,06 6,58 14,8 AC87 28,2 0,09 1,5 6,38 25,7 0,23 1,56 30,81 0,43 0,05 5,04

AC88 AC8 Holocene dark brown paleosol 18,75 32,04 4,09 18,53 3,61 0,79 3,39 0,43 2,34 0,41 1,17 0,14 0,92 0,13 100 0,03 0,29 18,3 4,6 2,87 7,8 8,37 0,1 27 606 0,06 4,25 14,7 AC88 29,4 0,08 1,41 5,69 23,3 0,22 1,42 33,43 0,39 0,05 4,59

AC89 AC8 Holocene dark brown paleosol 16,57 28,85 3,62 16,43 3,22 0,69 3,01 0,39 2,10 0,37 1,04 0,12 0,83 0,12 90,2 0,03 0,54 16,8 4,09 2,82 12,74 7,8 0,08 24,1 651 0,07 4,57 16 AC89 28 0,09 1,52 6,34 26 0,2 1,53 30,85 0,44 0,05 4,99

PB1 PB Pleistocene sediment 20,47 36,14 4,57 20,74 3,98 0,87 3,62 0,47 2,57 0,44 1,25 0,15 0,97 0,14 106 0,04 0,34 16,7 4,92 3,46 11,3 18,5 0,11 28,3 784 0,04 12,2 21,3 PB1 23,9 0,13 1,66 7,96 31,2 0,11 1,85 26,7 0,57 0,07 5,9

PB2 PB Pleistocene sediment 18,50 33,74 4,14 18,84 3,63 0,79 3,33 0,43 2,31 0,40 1,13 0,14 0,90 0,13 124 0,02 0,17 13,8 4,76 2,72 7,16 15,1 0,09 26,4 722 0,03 7,75 18,1 PB2 25,9 0,1 1,44 6,86 27,5 0,13 1,65 30,29 0,51 0,05 5,59

PB3 PB Holocene dark brown paleosol 24,88 45,20 5,57 25,51 4,94 1,10 4,51 0,59 3,19 0,56 1,56 0,19 1,23 0,18 136 0,02 0,18 19,9 6,01 4,75 8,25 16,1 0,1 30,7 591 0,06 12 19,7 PB3 18,5 0,13 2,23 11,2 40,8 0,14 2,18 17,04 0,77 0,08 6,96

PB4 PB Holocene dark brown paleosol 16,78 29,08 3,76 17,37 3,42 0,79 3,20 0,43 2,32 0,42 1,16 0,14 0,95 0,13 127 0,02 0,19 19,4 5,26 3,42 7,82 16,1 0,1 29 603 0,04 10,9 18,8 PB4 15,3 0,12 2,23 11,8 44,2 0,12 2,43 14,74 0,89 0,09 8,04

PB5 PB Holocene dark brown paleosol 29,12 54,51 6,54 29,50 5,71 1,25 5,19 0,67 3,55 0,61 1,74 0,22 1,37 0,19 145 0,01 0,19 22,9 7,12 4,72 8,93 18 0,11 34,7 543 0,07 11,9 24,7 PB5 28,3 0,1 1,57 6,71 27,5 0,14 1,44 28,73 0,48 0,05 4,95

PB6 PB Redeposited Miocene marl sediment 14,08 23,21 3,14 14,50 2,92 0,67 2,75 0,37 2,02 0,36 1,03 0,13 0,84 0,12 123 0 0,19 18,2 5,83 3,83 8,1 14,3 0,08 30,6 517 0,05 9,36 16,2 PB6 28,8 0,1 1,5 5,93 25,3 0,16 1,29 32,05 0,41 0,04 4,4

PB7 PB Redeposited Miocene marl sediment 11,00 19,06 2,46 11,35 2,23 0,50 2,11 0,28 1,55 0,27 0,79 0,10 0,62 0,08 164 0,02 0,2 27,1 7,45 7,47 10,5 20,2 0,13 37,3 565 0,08 16,6 29,8 PB7 26,6 0,1 1,46 6,95 27,3 0,2 1,63 30,08 0,49 0,06 5,14

LP1 LP Pleistocene sediment 14,73 27,29 3,42 15,84 3,17 0,71 2,98 0,40 2,18 0,38 1,09 0,13 0,83 0,12 170 0,02 0,2 22,3 7,16 5,6 10,2 17,4 0,09 36,3 596 0,06 11,1 25,2 LP1 25,8 0,1 1,37 7,64 27,8 0,12 1,75 29,18 0,54 0,04 5,68

LP2 LP Pleistocene sediment 17,09 32,05 3,94 18,15 3,59 0,79 3,34 0,44 2,43 0,42 1,21 0,15 0,93 0,13 103 0,07 0,21 24 7,87 4,8 9,61 15,2 0,18 32,2 362 0,1 18,4 18,9 LP2 24,5 0,11 1,48 8,3 30 0,13 1,87 26,91 0,6 0,05 6,05

LP3 LP Holocene dark brown paleosol 14,33 25,96 3,23 14,94 2,92 0,66 2,75 0,36 1,97 0,34 0,98 0,12 0,77 0,11 111 0,08 0,33 26,4 8,67 4,69 10,5 17,1 0,22 34,7 352 0,1 21,1 22,4 LP3 25,2 0,11 1,55 8,41 30,2 0,12 1,8 25,92 0,6 0,06 6,11

LP4 LP Holocene dark brown paleosol 14,37 26,08 3,27 14,96 2,96 0,66 2,75 0,36 2,02 0,35 0,99 0,12 0,76 0,11 106 0,05 0,17 24,6 7,9 4,2 9,7 14,9 0,18 36,2 485 0,08 19,1 20,6 LP4 27,9 0,1 1,37 7,21 26,1 0,13 1,59 29,69 0,52 0,05 5,35

LP5 LP Miocene marl sediment 8,70 14,35 1,96 9,14 1,90 0,45 1,85 0,25 1,42 0,26 0,73 0,09 0,57 0,08 107 0,05 0,29 24,2 7,93 3,64 10,5 15,1 0,15 36,5 478 0,08 19,5 23,3 LP5 35,1 0,08 1,01 4,47 17 0,15 1,12 37,45 0,31 0,03 3,34

LP6 LP Miocene marl sediment 8,44 14,15 1,87 8,58 1,75 0,40 1,63 0,21 1,18 0,21 0,61 0,07 0,48 0,07 94,2 0,03 0,17 13,6 5,6 4,14 8,13 10,2 0,11 32,1 691 0,04 14,1 13,8 LP6 36,2 0,07 0,94 3,98 15,4 0,16 1,05 39 0,27 0,03 2,92

BF 9 BF Miocene marl sediment 11,36 18,68 2,49 11,56 2,31 0,53 2,21 0,30 1,71 0,31 0,89 0,11 0,70 0,10 109 0,07 0,14 14,9 4,97 2,68 7,17 12 0,17 31 678 0,03 24,4 12,6 BF9 31,3 0,08 1,65 4,71 21 0,16 1,18 36,06 0,32 0,03 3,47

BF 8 BF Miocene marl sediment 12,10 20,01 2,67 12,26 2,49 0,58 2,34 0,32 1,82 0,33 0,95 0,12 0,74 0,11 145 0,15 0,18 30,8 8,62 10,1 12 20 0,7 38,3 495 0,13 36,2 28,8 BF8 30,6 0,08 1,53 5,05 22 0,16 1,26 35,04 0,35 0,04 3,81

BF 7 BF Miocene marl sediment 11,62 18,98 2,56 11,76 2,37 0,54 2,23 0,31 1,75 0,31 0,90 0,11 0,71 0,10 126 0,13 0,18 27,3 8,07 5,75 10,9 20 0,5 37 537 0,1 32,6 23,8 BF7 31 0,08 1,66 4,84 21,7 0,17 1,22 35,4 0,33 0,04 3,56

BF 6 BF Holocene dark brown paleosol 17,33 29,43 3,81 17,45 3,44 0,79 3,22 0,44 2,45 0,44 1,26 0,16 1,00 0,14 149 0,03 0,19 34,7 10,6 11,4 15,6 20,8 0,29 45,7 294 0,13 22,8 38,6 BF6 29,9 0,08 1,66 5,69 23,3 0,15 1,35 33,09 0,39 0,04 4,35

BF 5 BF Holocene dark brown paleosol 14,35 24,08 3,20 14,69 2,94 0,68 2,77 0,38 2,14 0,39 1,12 0,14 0,88 0,12 130 0,04 0,3 23,7 7,67 11,8 12,9 17 0,12 36,7 507 0,11 37,6 33,8 BF5 28,7 0,09 1,67 6,13 25,1 0,15 1,4 31,73 0,43 0,04 4,64

BF 4 BF Holocene dark brown paleosol 13,26 22,49 2,95 13,46 2,73 0,63 2,58 0,35 1,98 0,36 1,01 0,13 0,81 0,11 158 0,04 0,22 39,9 12,2 14,2 18,4 21,6 0,23 49,4 211 0,16 27,3 52,5 BF4 25,5 0,13 1,93 7,68 30,4 0,16 1,71 26,15 0,55 0,07 5,75

BF 3 BF Holocene light brown paleosol 9,74 16,20 2,16 9,96 1,98 0,45 1,88 0,25 1,44 0,26 0,74 0,09 0,58 0,08 119 0,02 0,14 18,3 6,59 5,59 9,42 14,8 0,1 34,4 600 0,05 13,7 16,5 BF3 31,5 0,07 1,45 4,68 20,3 0,16 1,19 36,7 0,33 0,04 3,6

BF 2 BF Holocene light brown paleosol 8,98 14,43 1,98 9,28 1,93 0,45 1,86 0,25 1,45 0,26 0,75 0,09 0,60 0,08 63,4 0,04 0,2 17,2 4,91 3,39 6,09 17,1 0,09 29,9 718 0,04 10 21,7 BF2 32,3 0,08 1,44 4,48 19,6 0,18 1,21 36,98 0,29 0,04 3,49

BF 1 BF Holocene light brown paleosol 9,21 14,67 2,05 9,60 2,01 0,48 1,94 0,27 1,53 0,27 0,78 0,10 0,61 0,09 116 0,12 0,17 24,1 7,56 7,11 9,57 18,9 0,19 35,5 454 0,09 29 26,1 BF1 31,3 0,09 1,51 4,57 21,1 0,17 1,18 36,1 0,29 0,05 3,61

BK51 BK5 Redeposited Miocene marl sediment 10,97 17,84 2,43 11,24 2,28 0,53 2,17 0,30 1,67 0,30 0,86 0,11 0,68 0,10 65 0,08 0,24 21,4 5,04 0,75 6,53 22,1 0,13 28,8 780 0,05 23,9 16,5 BK51 29,9 0,12 2,05 4,55 24 0,17 1,19 34,15 0,31 0,04 3,55

BK52 BK5 Redeposited Miocene marl sediment 9,77 15,68 2,18 10,13 2,09 0,49 1,99 0,27 1,54 0,28 0,80 0,10 0,64 0,09 100 0,12 0,22 27 7,21 8,57 10,4 22,6 0,21 35,4 544 0,1 26 24,5 BK52 31,1 0,1 1,84 4,26 21,4 0,17 1,15 36,19 0,3 0,04 3,41

BK53 BK5 Holocene dark brown paleosol 11,97 19,95 2,66 12,30 2,51 0,58 2,36 0,32 1,79 0,32 0,92 0,11 0,73 0,10 122 0,15 0,22 33,6 8,93 11,3 12,6 29 0,3 41,6 517 0,12 35 33,9 BK53 29,1 0,12 2 5,21 24,3 0,15 1,32 33,23 0,37 0,05 4,15

BK54 BK5 Holocene dark brown paleosol 11,84 19,45 2,64 12,22 2,48 0,57 2,34 0,32 1,78 0,32 0,91 0,11 0,72 0,10 98,2 0,11 0,23 26,8 7,07 8,17 10,4 26,7 0,2 37,5 555 0,09 29,4 26,6 BK54 29 0,13 2,01 5,26 24,4 0,16 1,32 33,1 0,37 0,05 4,19

BK55 BK5 Modern developed soil 13,66 23,08 3,04 14,10 2,83 0,65 2,62 0,36 1,99 0,35 1,00 0,13 0,79 0,11 113 0,13 0,23 30,3 7,77 11,8 11,4 26,9 0,26 39,5 542 0,11 31,7 30,9 BK55 26,8 0,12 2,14 6,28 28,1 0,17 1,56 29,13 0,48 0,06 5,18

BK56 BK5 Modern developed soil 12,00 19,59 2,63 12,35 2,51 0,58 2,37 0,32 1,86 0,33 0,95 0,12 0,74 0,11 95,1 0,11 0,22 27,1 7,37 6,89 9,55 28,3 0,21 37,1 611 0,1 30,3 24,7 BK56 27,4 0,11 1,97 5,87 26,4 0,16 1,54 30,85 0,47 0,06 5,18

BK57 BK5 Modern developed soil 16,56 27,93 3,66 16,76 3,33 0,76 3,08 0,41 2,29 0,41 1,16 0,14 0,90 0,13 99,3 0,12 0,2 29,2 7,21 7,69 9,92 31,2 0,2 39,5 670 0,1 35 23,7 BK57 26,7 0,12 2,13 6,3 28,7 0,18 1,56 28,57 0,5 0,07 5,23

BK58 BK5 Modern developed soil 15,31 25,22 3,41 15,99 3,18 0,76 3,02 0,41 2,33 0,42 1,18 0,15 0,93 0,13 102 0,11 0,21 24,3 7,7 6,31 10,5 26,1 0,23 36,9 578 0,11 28,6 19 BK58 25,3 0,12 2,13 6,49 30,2 0,18 1,64 27,65 0,54 0,08 5,69
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Annex II. REE sample values normalized to the Post-Archean Australian Shale (PAAS).
SAMPLES SECTIONS CLASS La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ba Bi Cd Cr Co Cu Pb Li Mo Ni Sr Tl V Zn SAMPLE L.O.I. Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3 T

MD1 MD Holocene light brown paleosol 14,82 22,25 3,11 14,31 2,92 0,68 2,94 0,41 2,35 0,44 1,26 0,16 1,03 0,15 119 0,01 0,39 20,1 4,59 8,71 6,59 5,72 0,2 35,4 844 0,1 2,2 33,3

MD3 MD Holocene light brown paleosol 10,74 15,15 2,25 10,55 2,17 0,52 2,22 0,31 1,83 0,35 1,02 0,13 0,82 0,12 107 0,02 0,48 16,8 2,96 2,81 7,33 5,9 0,28 27,2 1053 0,07 0,05 21,1

MD5 MD Holocene light brown paleosol 10,10 14,19 2,14 9,99 2,06 0,49 2,08 0,30 1,74 0,33 0,98 0,13 0,79 0,12 84,6 0,01 0,62 15 2,76 2,37 8,11 5,39 0,28 23,9 1074 0,05 0,34 19,2

MD7 MD Holocene light brown paleosol 11,38 16,06 2,42 11,29 2,32 0,54 2,34 0,33 1,94 0,37 1,08 0,14 0,89 0,13 97,4 0,02 0,42 16,8 3,35 3,18 5,73 6,29 0,43 28,5 1169 0,06 1,99 19,9

MD9 MD Holocene light brown paleosol 12,10 16,71 2,56 11,94 2,47 0,57 2,50 0,36 2,11 0,40 1,18 0,15 0,96 0,14 88,7 0,02 0,42 18,5 3,32 3,51 5,05 6,57 0,41 28,2 1217 0,07 2,61 19,4

MD11 MD Holocene light brown paleosol 10,80 15,17 2,27 10,71 2,20 0,52 2,25 0,32 1,85 0,35 1,03 0,13 0,84 0,12 94,3 0,04 0,44 17,8 4,48 2,74 7,18 7,29 0,57 30,2 1312 0,06 5,81 16

MD13 MD Holocene light brown paleosol 13,63 21,10 3,00 13,94 2,87 0,67 2,83 0,39 2,29 0,43 1,24 0,16 0,98 0,14 105 0,06 1,33 22,2 5,15 7,23 42,9 10,2 0,31 33,6 969 0,1 7,51 28,4

AC81 AC8 Holocene dark brown paleosol 16,95 30,43 3,76 9,09 3,28 0,71 2,98 0,38 2,03 0,35 1,02 0,12 0,80 0,11 97,6 0,03 0,45 22,9 4,1 3,6 9,9 10,4 0,05 30,1 853 0,05 5,45 14,6 AC81 30,9 0,07 1,2 4,47 20,5 0,18 1,08 37,87 0,3 0,04 3,42

AC82 AC8 Holocene dark brown paleosol 13,72 22,84 2,96 13,54 2,63 0,57 2,43 0,31 1,74 0,30 0,87 0,10 0,67 0,10 126 0,05 0,42 14,7 4,09 2,9 9,24 9,92 0,07 30,6 823 0,05 6,91 14,7 AC82 30,5 0,08 1,26 4,66 21,2 0,18 1,13 36,93 0,33 0,04 3,7

AC83 AC8 Holocene dark brown paleosol 18,31 32,08 4,00 18,57 3,57 0,80 3,33 0,43 2,35 0,41 1,16 0,15 0,91 0,13 94,4 0,05 0,22 17 4,09 1,73 5,78 8,53 0,1 24,8 562 0,05 9,22 12,6 AC83 26,8 0,1 1,54 6,76 27,5 0,23 1,64 29,7 0,47 0,06 5,27

AC84 AC8 Holocene dark brown paleosol 23,41 41,66 5,20 23,71 4,55 0,99 4,15 0,53 2,85 0,49 1,39 0,17 1,08 0,16 132 0,04 0,3 23,1 5,74 1,58 8,3 10,3 0,09 31,5 612 0,07 10,2 18,8 AC84 23,8 0,11 1,77 8,19 32,1 0,24 1,88 25,13 0,58 0,07 6,15

AC85 AC8 Holocene dark brown paleosol 18,27 32,11 4,00 18,47 3,57 0,79 3,29 0,42 2,31 0,40 1,14 0,14 0,88 0,13 151 0,05 0,53 25,2 5,91 2,76 13,6 10,3 0,13 31,8 529 0,08 12,5 22,1 AC85 28,4 0,09 1,48 6,07 24,9 0,23 1,49 32,08 0,42 0,05 4,79

AC86 AC8 Holocene dark brown paleosol 21,58 36,88 4,66 21,35 4,09 0,90 3,80 0,49 2,62 0,46 1,31 0,16 1,02 0,14 146 0,05 0,27 30,2 6,98 6,29 10,45 12 0,14 39,2 435 0,11 14,2 28,3 AC86 25,5 0,1 1,64 7,33 29,2 0,26 1,74 27,94 0,52 0,07 5,73

AC87 AC8 Holocene dark brown paleosol 18,44 31,30 4,00 18,26 3,48 0,77 3,30 0,42 2,30 0,40 1,16 0,14 0,91 0,13 89,9 0,03 0,25 18,3 4,27 3,57 7,65 8,7 0,08 25,3 627 0,06 6,58 14,8 AC87 28,2 0,09 1,5 6,38 25,7 0,23 1,56 30,81 0,43 0,05 5,04

AC88 AC8 Holocene dark brown paleosol 18,75 32,04 4,09 18,53 3,61 0,79 3,39 0,43 2,34 0,41 1,17 0,14 0,92 0,13 100 0,03 0,29 18,3 4,6 2,87 7,8 8,37 0,1 27 606 0,06 4,25 14,7 AC88 29,4 0,08 1,41 5,69 23,3 0,22 1,42 33,43 0,39 0,05 4,59

AC89 AC8 Holocene dark brown paleosol 16,57 28,85 3,62 16,43 3,22 0,69 3,01 0,39 2,10 0,37 1,04 0,12 0,83 0,12 90,2 0,03 0,54 16,8 4,09 2,82 12,74 7,8 0,08 24,1 651 0,07 4,57 16 AC89 28 0,09 1,52 6,34 26 0,2 1,53 30,85 0,44 0,05 4,99

PB1 PB Pleistocene sediment 20,47 36,14 4,57 20,74 3,98 0,87 3,62 0,47 2,57 0,44 1,25 0,15 0,97 0,14 106 0,04 0,34 16,7 4,92 3,46 11,3 18,5 0,11 28,3 784 0,04 12,2 21,3 PB1 23,9 0,13 1,66 7,96 31,2 0,11 1,85 26,7 0,57 0,07 5,9

PB2 PB Pleistocene sediment 18,50 33,74 4,14 18,84 3,63 0,79 3,33 0,43 2,31 0,40 1,13 0,14 0,90 0,13 124 0,02 0,17 13,8 4,76 2,72 7,16 15,1 0,09 26,4 722 0,03 7,75 18,1 PB2 25,9 0,1 1,44 6,86 27,5 0,13 1,65 30,29 0,51 0,05 5,59

PB3 PB Holocene dark brown paleosol 24,88 45,20 5,57 25,51 4,94 1,10 4,51 0,59 3,19 0,56 1,56 0,19 1,23 0,18 136 0,02 0,18 19,9 6,01 4,75 8,25 16,1 0,1 30,7 591 0,06 12 19,7 PB3 18,5 0,13 2,23 11,2 40,8 0,14 2,18 17,04 0,77 0,08 6,96

PB4 PB Holocene dark brown paleosol 16,78 29,08 3,76 17,37 3,42 0,79 3,20 0,43 2,32 0,42 1,16 0,14 0,95 0,13 127 0,02 0,19 19,4 5,26 3,42 7,82 16,1 0,1 29 603 0,04 10,9 18,8 PB4 15,3 0,12 2,23 11,8 44,2 0,12 2,43 14,74 0,89 0,09 8,04

PB5 PB Holocene dark brown paleosol 29,12 54,51 6,54 29,50 5,71 1,25 5,19 0,67 3,55 0,61 1,74 0,22 1,37 0,19 145 0,01 0,19 22,9 7,12 4,72 8,93 18 0,11 34,7 543 0,07 11,9 24,7 PB5 28,3 0,1 1,57 6,71 27,5 0,14 1,44 28,73 0,48 0,05 4,95

PB6 PB Redeposited Miocene marl sediment 14,08 23,21 3,14 14,50 2,92 0,67 2,75 0,37 2,02 0,36 1,03 0,13 0,84 0,12 123 0 0,19 18,2 5,83 3,83 8,1 14,3 0,08 30,6 517 0,05 9,36 16,2 PB6 28,8 0,1 1,5 5,93 25,3 0,16 1,29 32,05 0,41 0,04 4,4

PB7 PB Redeposited Miocene marl sediment 11,00 19,06 2,46 11,35 2,23 0,50 2,11 0,28 1,55 0,27 0,79 0,10 0,62 0,08 164 0,02 0,2 27,1 7,45 7,47 10,5 20,2 0,13 37,3 565 0,08 16,6 29,8 PB7 26,6 0,1 1,46 6,95 27,3 0,2 1,63 30,08 0,49 0,06 5,14

LP1 LP Pleistocene sediment 14,73 27,29 3,42 15,84 3,17 0,71 2,98 0,40 2,18 0,38 1,09 0,13 0,83 0,12 170 0,02 0,2 22,3 7,16 5,6 10,2 17,4 0,09 36,3 596 0,06 11,1 25,2 LP1 25,8 0,1 1,37 7,64 27,8 0,12 1,75 29,18 0,54 0,04 5,68

LP2 LP Pleistocene sediment 17,09 32,05 3,94 18,15 3,59 0,79 3,34 0,44 2,43 0,42 1,21 0,15 0,93 0,13 103 0,07 0,21 24 7,87 4,8 9,61 15,2 0,18 32,2 362 0,1 18,4 18,9 LP2 24,5 0,11 1,48 8,3 30 0,13 1,87 26,91 0,6 0,05 6,05

LP3 LP Holocene dark brown paleosol 14,33 25,96 3,23 14,94 2,92 0,66 2,75 0,36 1,97 0,34 0,98 0,12 0,77 0,11 111 0,08 0,33 26,4 8,67 4,69 10,5 17,1 0,22 34,7 352 0,1 21,1 22,4 LP3 25,2 0,11 1,55 8,41 30,2 0,12 1,8 25,92 0,6 0,06 6,11

LP4 LP Holocene dark brown paleosol 14,37 26,08 3,27 14,96 2,96 0,66 2,75 0,36 2,02 0,35 0,99 0,12 0,76 0,11 106 0,05 0,17 24,6 7,9 4,2 9,7 14,9 0,18 36,2 485 0,08 19,1 20,6 LP4 27,9 0,1 1,37 7,21 26,1 0,13 1,59 29,69 0,52 0,05 5,35

LP5 LP Miocene marl sediment 8,70 14,35 1,96 9,14 1,90 0,45 1,85 0,25 1,42 0,26 0,73 0,09 0,57 0,08 107 0,05 0,29 24,2 7,93 3,64 10,5 15,1 0,15 36,5 478 0,08 19,5 23,3 LP5 35,1 0,08 1,01 4,47 17 0,15 1,12 37,45 0,31 0,03 3,34

LP6 LP Miocene marl sediment 8,44 14,15 1,87 8,58 1,75 0,40 1,63 0,21 1,18 0,21 0,61 0,07 0,48 0,07 94,2 0,03 0,17 13,6 5,6 4,14 8,13 10,2 0,11 32,1 691 0,04 14,1 13,8 LP6 36,2 0,07 0,94 3,98 15,4 0,16 1,05 39 0,27 0,03 2,92

BF 9 BF Miocene marl sediment 11,36 18,68 2,49 11,56 2,31 0,53 2,21 0,30 1,71 0,31 0,89 0,11 0,70 0,10 109 0,07 0,14 14,9 4,97 2,68 7,17 12 0,17 31 678 0,03 24,4 12,6 BF9 31,3 0,08 1,65 4,71 21 0,16 1,18 36,06 0,32 0,03 3,47

BF 8 BF Miocene marl sediment 12,10 20,01 2,67 12,26 2,49 0,58 2,34 0,32 1,82 0,33 0,95 0,12 0,74 0,11 145 0,15 0,18 30,8 8,62 10,1 12 20 0,7 38,3 495 0,13 36,2 28,8 BF8 30,6 0,08 1,53 5,05 22 0,16 1,26 35,04 0,35 0,04 3,81

BF 7 BF Miocene marl sediment 11,62 18,98 2,56 11,76 2,37 0,54 2,23 0,31 1,75 0,31 0,90 0,11 0,71 0,10 126 0,13 0,18 27,3 8,07 5,75 10,9 20 0,5 37 537 0,1 32,6 23,8 BF7 31 0,08 1,66 4,84 21,7 0,17 1,22 35,4 0,33 0,04 3,56

BF 6 BF Holocene dark brown paleosol 17,33 29,43 3,81 17,45 3,44 0,79 3,22 0,44 2,45 0,44 1,26 0,16 1,00 0,14 149 0,03 0,19 34,7 10,6 11,4 15,6 20,8 0,29 45,7 294 0,13 22,8 38,6 BF6 29,9 0,08 1,66 5,69 23,3 0,15 1,35 33,09 0,39 0,04 4,35

BF 5 BF Holocene dark brown paleosol 14,35 24,08 3,20 14,69 2,94 0,68 2,77 0,38 2,14 0,39 1,12 0,14 0,88 0,12 130 0,04 0,3 23,7 7,67 11,8 12,9 17 0,12 36,7 507 0,11 37,6 33,8 BF5 28,7 0,09 1,67 6,13 25,1 0,15 1,4 31,73 0,43 0,04 4,64

BF 4 BF Holocene dark brown paleosol 13,26 22,49 2,95 13,46 2,73 0,63 2,58 0,35 1,98 0,36 1,01 0,13 0,81 0,11 158 0,04 0,22 39,9 12,2 14,2 18,4 21,6 0,23 49,4 211 0,16 27,3 52,5 BF4 25,5 0,13 1,93 7,68 30,4 0,16 1,71 26,15 0,55 0,07 5,75

BF 3 BF Holocene light brown paleosol 9,74 16,20 2,16 9,96 1,98 0,45 1,88 0,25 1,44 0,26 0,74 0,09 0,58 0,08 119 0,02 0,14 18,3 6,59 5,59 9,42 14,8 0,1 34,4 600 0,05 13,7 16,5 BF3 31,5 0,07 1,45 4,68 20,3 0,16 1,19 36,7 0,33 0,04 3,6

BF 2 BF Holocene light brown paleosol 8,98 14,43 1,98 9,28 1,93 0,45 1,86 0,25 1,45 0,26 0,75 0,09 0,60 0,08 63,4 0,04 0,2 17,2 4,91 3,39 6,09 17,1 0,09 29,9 718 0,04 10 21,7 BF2 32,3 0,08 1,44 4,48 19,6 0,18 1,21 36,98 0,29 0,04 3,49

BF 1 BF Holocene light brown paleosol 9,21 14,67 2,05 9,60 2,01 0,48 1,94 0,27 1,53 0,27 0,78 0,10 0,61 0,09 116 0,12 0,17 24,1 7,56 7,11 9,57 18,9 0,19 35,5 454 0,09 29 26,1 BF1 31,3 0,09 1,51 4,57 21,1 0,17 1,18 36,1 0,29 0,05 3,61

BK51 BK5 Redeposited Miocene marl sediment 10,97 17,84 2,43 11,24 2,28 0,53 2,17 0,30 1,67 0,30 0,86 0,11 0,68 0,10 65 0,08 0,24 21,4 5,04 0,75 6,53 22,1 0,13 28,8 780 0,05 23,9 16,5 BK51 29,9 0,12 2,05 4,55 24 0,17 1,19 34,15 0,31 0,04 3,55

BK52 BK5 Redeposited Miocene marl sediment 9,77 15,68 2,18 10,13 2,09 0,49 1,99 0,27 1,54 0,28 0,80 0,10 0,64 0,09 100 0,12 0,22 27 7,21 8,57 10,4 22,6 0,21 35,4 544 0,1 26 24,5 BK52 31,1 0,1 1,84 4,26 21,4 0,17 1,15 36,19 0,3 0,04 3,41

BK53 BK5 Holocene dark brown paleosol 11,97 19,95 2,66 12,30 2,51 0,58 2,36 0,32 1,79 0,32 0,92 0,11 0,73 0,10 122 0,15 0,22 33,6 8,93 11,3 12,6 29 0,3 41,6 517 0,12 35 33,9 BK53 29,1 0,12 2 5,21 24,3 0,15 1,32 33,23 0,37 0,05 4,15

BK54 BK5 Holocene dark brown paleosol 11,84 19,45 2,64 12,22 2,48 0,57 2,34 0,32 1,78 0,32 0,91 0,11 0,72 0,10 98,2 0,11 0,23 26,8 7,07 8,17 10,4 26,7 0,2 37,5 555 0,09 29,4 26,6 BK54 29 0,13 2,01 5,26 24,4 0,16 1,32 33,1 0,37 0,05 4,19

BK55 BK5 Modern developed soil 13,66 23,08 3,04 14,10 2,83 0,65 2,62 0,36 1,99 0,35 1,00 0,13 0,79 0,11 113 0,13 0,23 30,3 7,77 11,8 11,4 26,9 0,26 39,5 542 0,11 31,7 30,9 BK55 26,8 0,12 2,14 6,28 28,1 0,17 1,56 29,13 0,48 0,06 5,18

BK56 BK5 Modern developed soil 12,00 19,59 2,63 12,35 2,51 0,58 2,37 0,32 1,86 0,33 0,95 0,12 0,74 0,11 95,1 0,11 0,22 27,1 7,37 6,89 9,55 28,3 0,21 37,1 611 0,1 30,3 24,7 BK56 27,4 0,11 1,97 5,87 26,4 0,16 1,54 30,85 0,47 0,06 5,18

BK57 BK5 Modern developed soil 16,56 27,93 3,66 16,76 3,33 0,76 3,08 0,41 2,29 0,41 1,16 0,14 0,90 0,13 99,3 0,12 0,2 29,2 7,21 7,69 9,92 31,2 0,2 39,5 670 0,1 35 23,7 BK57 26,7 0,12 2,13 6,3 28,7 0,18 1,56 28,57 0,5 0,07 5,23

BK58 BK5 Modern developed soil 15,31 25,22 3,41 15,99 3,18 0,76 3,02 0,41 2,33 0,42 1,18 0,15 0,93 0,13 102 0,11 0,21 24,3 7,7 6,31 10,5 26,1 0,23 36,9 578 0,11 28,6 19 BK58 25,3 0,12 2,13 6,49 30,2 0,18 1,64 27,65 0,54 0,08 5,69
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