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INTRODUCTION

• Fieldwork

• 7,5 m thick loess-palaeosol sequence in Savudrija, Istria (CRO)

• performed within NALPS (engl. North Adriatic Loess-Paleosol Sequences)
project

• Reason for the survey?

• To investigate the origin, age and features of the six horizons (depth 0-205
cm) located in the upper part of the loess-palaeosol sequence from Istria,
Croatia

• How?

• By applying detailed mineralogical, geochemical, pedophysical and
micromorphological analyzes

• + OSL dating
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GEOGRAPHICAL POSITION AND GEOLOGY OF 

THE RESEARCHED AREA
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Figure 1. Geographical position of Savudrija profile (modified after 

https://earth.google.com/web/search/Savudrija/@45.01709433,14.29590456,5.54042896a,199229.65405215d,35y,-

0h,0t,0r/data=CmIaOBIyCiUweDQ3N2I3Yjk1YzczMmNkYTk6MHgyNjAwYWQ1MTUzMzZlNzgyKglTYXZ1ZHJpamE

YASABIiYKJAluNcT3wlNIQBG1ywFYPANFQBlNdNoQOVw4QCHMSaBxhegOQA?utm_source=earth7&utm_campa

ign=vine&hl=hr)

Figure 2. A crop of the Basic Geological Map of Republic 
of Croatia, 1:100000 Trst sheet

https://earth.google.com/web/search/Savudrija/@45.01709433,14.29590456,5.54042896a,199229.65405215d,35y,-0h,0t,0r/data=CmIaOBIyCiUweDQ3N2I3Yjk1YzczMmNkYTk6MHgyNjAwYWQ1MTUzMzZlNzgyKglTYXZ1ZHJpamEYASABIiYKJAluNcT3wlNIQBG1ywFYPANFQBlNdNoQOVw4QCHMSaBxhegOQA?utm_source=earth7&utm_campaign=vine&hl=hr
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Samples

Field ID Horizon Lab ID Depth(cm) Kubiena box ID

SA-1 AB 4891 0 - 10 Savudrija 21

SA-2 B 4892 10 - 30 Savudrija 20

SA-3 BC 4893 30 - 55 Savudrija 19

SA-4 CB 4894 55 - 115 Savudrija 18

SA-5 2BC 4895 115 - 165 Savudrija 17 & 16

SA-6 2C 4896 165 - 205 Savudrija 15

FIELD WORK

• Tablica 1. List of field samples linked to the laboratory and 

Kubiena boxes ID labels

4

Figure 3. a) Profile through pedosedimentary complex with shown sampling sites; b) the investigated part of the pedosedimentary complex
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FIELDWORK RESULTS

5

Figure 4. The graphical log of the Savudrija loess-palaeosol sequence

with indicated sampling positions analyzed within this thesis (modified after ZHANG et al., 2018)

Munsell’s color chart:

•4891 : 7,5 YR 5/3 (brown) 

Other samples’s hues: 10 YR

(light-brown to yellowish-

brown)

•color: goethite
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LABORATORY WORK

• detailed chemical analysis 

• physical and chemical analysis of the paleosols (incl. 
CEC and base saturation, particle size analysis, 
analysis of iron and manganese oxides and 
hydroxides soluble in dithionite-citrate bicarbonate 
and oxalate) 

• mineral composition analysis (XRD method)

• optically and infrared stimulated luminescence (OSL
& IRSL) 

• micromorphological analysis of thin sections.

6
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PHYSICOCHEMICAL PROPERTIES OF THE 

UPPER PART OF SAVUDRIJA PROFILE

Sample

ID

Depth

[cm]

Particle size distribution [%]

Texture
Coarse 

sand
Fine sand

Coarse 

silt
Fine silt Clay

2,0-0,2 0,2-0,063 0,063-0,02 0,02-0,002 <0,002

4891 0-10 0,8 8,4 35,0 29,9 25,9 Prl

4892 10-30 0,8 6,6 30,6 30,9 31,1 PrGl

4893 30-55 2,0 8,5 30,0 33,2 26,3 Prl

4894 55-115 7,7 7,6 24,8 36,0 23,9 Prl

4895 115-165 6,4 7,9 31,0 33,3 21,4 Prl

4896 165-205 8,2 6,0 31,4 33,8 20,6 Prl

7

Table 2. Particle size distribution in the upper  part of the Savudrija profile (samples 4891, 

4892, 4893, 4894, 4895, 4896). Legend: Prl – silty loam, PrGl – silty clay

Sample

ID

Depth Mv Kv
Descriptio

n

φv φč P
Descriptio

n

Kz
Descripti

on[cm]
[% 

vol]
[% vol] [g/cm3] [g/cm3] [% vol]

[% 

vol]

4891 0-10 25,9 35,2 medium 1,48 2,55 41,9
low 

porosity
6,7 small

4892 10-30 31,4 34,0 low 1,60 2,43 34,4
low 

porosity
0,4 very small

4893 30-55 26,6 32,9 low 1,62 2,46 34,3
low 

porosity
1,3 very small

4894 55-115 25,4 35,5 medium 1,58 2,49 36,7
low 

porosity
1,2 very small

4895 115-165 30,1 36,5 medium 1,53 2,70 43,1
low 

porosity
6,6 small

4896 165-205 28,9 36,3 medium 1,57 2,70 41,8
low 

porosity
5,5 small

Table 3. Physical properties of the upper part of the profile

Legend: Mv – soil moisture, Kv – soil capacity for water retention, φv – volume density , φč – solid 

particles density, P – soil porosity , Kz – soil capacity for air retention

Table 4. Chemical properties of the upper part of the Savudrija profile

Sample 

ID
Horizon

pH

Description
CaCO3   

[%]
Description

Humus 

[%]
Description

Organski C 

(%humus/ 

1,72) [%]

Total 

C[%]

Organic C 

(Total C -

anorganic C) 

[%]

H2O KCl

4891 AB 8,22 7,38 alkaline 1,7

Low 

carbonate 

content

2,53
Low 

humosity
1,47 2,05 1,85

4892 B 8,87 7,30 alkaline 7,4

Low 

carbonate 

content

2,79
Low 

humosity
1,62 1,57 0,69

4893 BC 9,14 7,53 alkaline 24,8

Medium 

carbonate 

content

4,91
Medium 

humosity
2,85 3,85 0,87

4894 CB 9,20 7,58 alkaline 34,7

High 

carbonate 

content

2,77
Low 

humosity
1,61 5,24 1,08

4895 2BC 8,58 7,59 alkaline 27,5

High 

carbonate 

content

5,82
High 

humosity
3,38 4,37 1,06

4896 2C 8,39 7,65 alkaline 36,1

High 

carbonate 

content

2,40
Low 

humosity
1,40 5,54 1,20
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Figure 5. Percent base saturation of Na+

Table 5. Base saturation (Legend: b – base saturation concentration, 

RSD – relative standard deviation)
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CATION EXCHANGE CAPACITY (CEC) & 

PERCENT BASE SATURATION (BS)

Base saturation [meq/100g]

Sample b(Mg) RSD [%]

4891 7,372 1,67819

4892 5,406 1,84231

4893 4,278 1,81519

4894 4,756 3,04687

489 5,320 4,30490

4896 4,888 3,01286

Sample b(Na) RSD [%]

4891 1,001 0,71925

4892 1,994 0,35444

4893 3,070 0,63986

4894 2,954 0,27419

4895 3,114 0,56012

4896 2,947 0,41963

Sample b(K) RSD [%]

4891 0,349 0,95214

4892 0,232 1,61271

4893 0,208 2,30815

4894 0,203 1,03960

4895 0,206 1,78235

4896 0,198 1,42879

Sample b(Ca) RSD [%]

4891 71,232 0,17263

4892 80,029 0,53357

4893 100,254 0,45935

4894 130,947 0,25614

4895 138,986 0,26222

4896 134,285 0,51777
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Figure 6. Percent base saturation of K+

Figure 7 . Percent base saturation of Mg2+

Figure 8. Percent base saturation of Ca2+

Table 6. CEC values of the upper part of the Savudrija profile
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Figure 9. CEC values by profile depth

CEC = b(Mg) + b(Na) + b(K) + b(Ca) [meq/100g]

Sample b(Mg) + b(Na) + b(K) + b(Ca) RSD [%]

4891 79,954 0,8805

4892 87,661 1,0857

4893 107,811 1,3056

4894 138,861 1,1542

4895 147,626 1,7274

4896 142,318 1,3447
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GEOCHEMICAL RATIOS 

• The most common oxides in the samples:SiO2,  Al2O3 , CaO, Fe2O3, MgO

• The most common trace elements: Ba, Sr, Zr

• Table 7. Results of geochemical ratios indicating pedogenetic processes 

(shown in mol%)
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Sample Al/Si Ti/Al ΣBase ΣBase/Al ΣBase/Ti Ba/Sr U/Th Sm/Nd La/Ce

4891 0,107 0,087 0,095 0,786 8,989 2,283 0,257 0,192 0,496

4892 0,118 0,080 0,149 1,197 15,025 1,929 0,235 0,192 0,517

4893 0,130 0,072 0,359 3,565 49,517 1,003 0,271 0,202 0,538

4894 0,145 0,068 0,458 4,949 73,136 0,700 0,230 0,186 0,544

4895 0,132 0,071 0,419 4,514 63,209 0,996 0,226 0,187 0,522

4896 0,137 0,070 0,509 6,213 88,382 0,865 0,320 0,179 0,536
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Figure 11. Ti/Al ratio by depthFigure 10. Al/Si  ratio by depth    

Figure 13. Ba/Sr ratio by depthFigure 12. ΣBase/Al ratio by depth
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DCB & OXALATE SOLUBLE IRON

• Table 8. Shares and ratios of total (Fet), dithionite-soluble (Fed) & oxalate soluble (Feo).
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Sample Fet (wt %) Fed (wt%) Feo (wt%) Fed / Fet Feo / Fed Feo / Fet

4891 3,3153 1,2600 0,1764 0,3801 0,1400 0,0532

4892 3,4972 1,2914 0,1259 0,3693 0,0975 0,0360

4893 2,8957 1,0463 0,0810 0,3614 0,0774 0,0280

4894 2,6858 0,9345 0,0851 0,3479 0,0911 0,0317

4895 2,8607 0,9096 0,1368 0,3180 0,1504 0,0478

4896 2,3711 0,7984 0,0866 0,3367 0,1085 0,0365

x ̅ 2,9376 1,0400 0,1153 0,3522 0,1108 0,0389

• The mean value of the Fed / Fet ratio is 0.35, which according to ARDUINO et al. (1984) & 

DURN (1996), indicate a medium degree of weathering.
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Figure 14. total (Fet), dithionite-soluble (Fed) and oxalate soluble ((Feo) iron 

per profile depth
Figure 15. Ratios of total (Fet), dithionite-soluble (Fed) and oxalate 

soluble ((Feo) iron per profile depth
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DCB & OXALATE SOLUBLE MANGANESE

• Table 9. Shares and ratios of total (Mnt), dithionite-soluble (Mnd) & oxalate soluble Mn 

(Mno).
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Uzorak Mnt (tež.%) Mnd (tež.%) Mno (tež.%) Mnd / Mnt Mno / Mnd Mno / Mnt

4891 0,1084 0,0676 0,0660 0,6234 0,9769 0,6090

4892 0,1007 0,0605 0,0510 0,6004 0,8440 0,5068

4893 0,0774 0,0426 0,0314 0,5507 0,7351 0,4048

4894 0,0774 0,0344 0,0260 0,4438 0,7553 0,3352

4895 0,0697 0,0354 0,0286 0,5080 0,8064 0,4097

4896 0,0542 0,0267 0,0198 0,4929 0,7428 0,3661

x ̅ 0,0813 0,0445 0,0371 0,5365 0,8101 0,4386
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Figure 16. Total (Mnt), dithionite-soluble (Mnd) and oxalate (Mno) soluble 

manganese by profile depth
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Figure 17. Ratios of total (Mnt), dithionite-soluble (Mnd) and oxalate soluble

(Mno) manganese per profile depth
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MODAL COMPOSITION

• Table 10. Semiquantitative mineral composition of the fraction <2 mm of the original samples (wt % )
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S
a
m

p
le

Cal Dol Qtz Pl Kfs Gt Hm
Amp

h
T Kln Chl

Chl -

Vrm

MM / 

NIM
AC

S Vrm

4891 ? ? 26 9 + + -/? ? ++ + +
+ 

(S i/ili Vrm)
+/++ ++ +

4892 4 3 25 9 + + ? - ++ + +/++ + ? + ++ +

4893 14 12 15 5 + + ? + +/++ + +
+ 

(S i/ili Vrm)
+ + +

4894 22 11 12 7 + + - + +/++ + +
+ 

(S i/ili Vrm)
+ + +

4895 14 15 14 7 + + - + +/++ + + ? + ? + +

4896 17 19 11 5 + + - - +/++ + + ? ?
?

(Chl -Ill) 
+ +

Table 11. Semiquantitative mineral composition of the insoluble residue of the samples, after dissolution of the carbonate (proportions 

expressed in wt %).
Table 12. Semiquantitative mineral composition of the clay fraction (particle size & <2µm) of samples after dissolution of carbonate 

(in wt %). 

S
a
m

p
le

I.R. Qtz Pl Kfs Gt Hm Amph T Kln Chl

14Å
Chl -

Vrm

MM / 

NIM
AC

S Vrm

4891 

N.O.
100,00 26 9 + + -/? ? ++ + + ? ? +/++ ++ +

4892 

N.O.
87,69 27 10 + + ? - ++ + ++ + ? + ++ +

4893 

N.O.
69,15 20 7 + + ? + ++ + ++

+/++

(S i/ili Vrm)
+ ++ +

4894 

N.O.
62,13 18 10 + + - + ++/+++ + ++

+/++

(S i/ili Vrm)
+ ++ +

4895 

N.O.
63,10 20 10 + + - + ++/+++ + ++ ? +/++ ? ++ +

4896 

N.O.
54,22 17 8 + + - - ++/+++ + ++ +

?

(Chl -Ill) 
+/++ +

S
a
m

p
le

C
la

y
co

m
p

o
n

en
t

Qtz Pl Kfs Gt Hm Amph Ill Kln Chl

14Å
Chl -

Vrm

MM / 

NIM
AC

S Vrm

4891 

<2μm
25,90 6 + ? + -/? ? ++ +/++ ++

++

(S i/ili Vrm)
+/++ +++ +

4892 

<2μm
31,10 5 - - + ? - ++ ++ +/++ +/++ ? +/++ ++/+++ +

4893 

<2μm
26,30 5 - - + ? - ++ ++ +/++

++

(S i/ili Vrm)
+/++ ++/+++ +

4894 

<2μm
23,90 6 - - + - - ++ ++ +/++

++

(S i/ili Vrm)
+/++ ++/+++ +

4895 

<2μm
21,40 7 - - + - - ++ ++ ++ ? ++ ? ++/+++ +/++

4896 

<2μm
20,60 5 - - + - - ++ ++ +/++ ? ?

?

(Chl -Ill) 
++/+++ +/++
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OSL & IRSL AGE

Table 13. OSL and  IRSL ages of the upper part of the section

13

Sample ID Lab ID Depth [cm] IRSL age [ka] OSL age [ka]

SAV 7 4894 55 - 115 17,5 ± 1,2 8,9 ± 0,6

SAV 6 4896 165 - 205 31,4 ± 2,5 20,4 ± 1,6

Figure 18. The graphical log of the 

upper part of Savudrija loess-

palaeosol sequence OSL and IRSL 

ages of the two loess horizons  

(modified after ZHANG et al., 2018)
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Main components of all samples: 

Quartz, muscovite, grains of plagioclase and alkaline feldspar, chlorite, somewhat 

biotite, opaque minerals, amphibole, quartzite grains.

• pedofeatures of the upper horizons: rhizoliths (rhizoconcretions) and clay coatings, 

• lower horizons: clay coatings + iron and manganese oxide nodules

MICROMORPHOLOGICAL FEATURES

14

Figure 19. Thin section Savudrija 21; a) c / f distribution in the thin section; pedofeatures: 

rhizoconcretions within voids and cracks, Fe/Mn oxide nodules , accumulation of dispersed 

organic matter(PPL); b) Rhizoconcretion (dimension 1,25 mm) with a pronounced honeycomb 

structure filled with secondary carbonate: b) (PPL); c) (XPL)

Savudrija 21

- microstructure: spongy/vesicular

(Figure 19 & 20)

-pedofeatures: rhizoliths & iron and 

manganese oxide nodules

-pedality: weak with sharp-edged 

aggregates (indicates short transport)

a

b

c

b

Figure 20. Savudrija 21: crystallisation of calcite in the internal part of the plant 

cell wall) a) PPL; b) XPL

a
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MICROMORPHOLOGICAL FEATURES
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Savudrija 20

-microstructure: spongy/vesicular

-pedofeatures: dominant rhizoliths, 

with Fe- &Mn nodules, few 

pedorelicts (brown coloured well-

rounded forms)

-pedality: weak, with predominantly 

angular grains and poor sorting

Figure 21. Savudrija 20; a) rhizoliths with secondary crystallised calcite within voids (PPL); b) ) rhizoliths with secondary crystallised calcite within voids (XPL); c) Fe-Mn 

nodules with  embedded Qtz-grains (PPL)

a

b

c
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MICROMORPHOLOGICAL FEATURES

Savudrija 19

-microstructure: spongy to channelly 

- pedofeatures: Fe/Mn oxide 

nodules, clay coatings, Fe oxide 

coatings, accumulation of 

rhizocretions and chain aggregation 

of secondary carbonates along the 

edge of cavities

- pedality: weak, with angular to 

rounded aggregates; 

16

Figure 22. Svudrija 19; a) accumulations of organic matter(N); b) clay filling of the cavity (N), c) accumulation of disintegrated organic matter and clay coating 

along the edges of the crack(N)

b

Figure 23 . Savudrija 19: axial cross section of the brachiopod shell (PPL & XPL

Figure 24. Accumulation of rhizoconcretions and chain aggregation of secondary carbonates along the edges of the cavities (PPL & XPL)

a b

a b
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Savudrija 18

-microstructure: chanelly with vughs

- pedofeatures: clay coatings, Fe & Mn 

nodules, aglomeration of secondary 

crystalised calcite, higher amount of 

organic matter 

-pedality: weak, with angular to rounded 

aggregates; in lower part of the section 

stronger bioturbation is observed

Figure 25. Thin section Savudrija 18; a) crystallized agglomerated grains of secondary calcite and clay coating along the edge of the crack (PPL), b) crystallized 

agglomerated grains of secondary calcite and clay coating along the edge of the crack (XPL), c) An elongated fragment of  charcoal (PPL)

MICROMORPHOLOGICAL FEATURES

a

b

c
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MICROMORPHOLOGICAL FEATURES

Savudrija 17

-microstructure: channelly to spongy

-pedofeatures: clay and calcite 

coatings, replacement of quartzite grain 

with calcite, abundance of Fe/Mn oxide 

noduls, rhizocretions

Higher amount of organic matter

-pedality: weak, with angular to 

rounded aggregates

Figure 26. accumulation of dispersed organic matter, christalization of secondary calcite along the mollusc shell fragments in thin section  Savudrija 17 

a) (PPL), b (XPL)

a

b

c
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Figure 27. Pedofeatures observed in thin section Savudrija 17; a) Rhizoconcretions with observed crystalization of calcite along the cell wall (PPL), b) Rhizocretions with 

observed crystalization of calcite along the cell wall (XPL)

Slika 26. a) replacement of chert grain with calcite (PPL), b) replacement of chert grain with calcite(XPL) observed in thin section Savudrija 17

a b

ba
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MICROMORPHOLOGICAL FEATURES

Savudrija 16

-microstructure: spongy with 

vughs and channels

-pedofeatures: clay coatings, 

Fe/Mn oxide nodules and 

secondary crystalized calcite

- replacement of chert grain with 

calcite; molluscs shell fragments 

observed

-high amount of organic matter

-pedality: weak to medium

Figure 28. Savudrija 16; a) dispersed organic matter and 

clay coatings along the edge of cracks and cavities (PPL), b) 

(XPL), c) Dispersed organic matter in contact with the grain 

of chert (PPL), 

a

b

c
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a

b

c

Figure 29. Pedofeatures observed in thin section  Savudrija 15; 

a) dispersed organic matter, accumulation of clay coatings 

along the edge of the channel and vughs, rounded dark brown 

to black Fe - Mn nodules, nodules of agglomerated calcite and 

secondary crystallized calcite within the shell fragments (PPL); 

b) (XPL); c) dispersed organic matter and clay coatings along 

the edge of vughs (PPL)

Savudrija 15

-microstructure: spongy to 

vughy-channelly 

- pedofeatures : Fe-Mn oxide 

nodules, a lot of clay coatings; 

agglomerated grains of 

sekundary crystalized calcite 

-pedality: weak to medium

a

b

c
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➢ The uppermost part of the sequence studied was represented by presumably polygenetic soil 

developed on loess (AB-B-BC-CB) underlain by brown palaeosol developed on older loess 

(2BC-2C). Based on the Sm/Nd and La/Ce geochemical ratios (SHELDON & TABOR, 

2009), it was also determined that the loess parent material examined in this study has the 

same provenance as the materials examined in BANIČEK (2016) and DURN et al. (2018a, 

b).

➢ XRD analysis revealed that all soil samples contain a significant amount of quartz, 

plagioclase, alkali feldspar, illitic material, kaolinite, chlorite, 14 Å minerals (vermiculite 

and/or smectite), mostly irregular mixed-layer clay minerals, goethite and amorphous 

components, whose content increases with depth.

➢ Based on quartz OSL dating, the age of the studied soil horizon CB is 9 ± 0.8 ka and of soil 

horizon 2C is 20.9 ± 2.1 ka (ZHANG et al., 2018).

➢ Micromorphological studies of the uppermost part of the section revealed two superimposed 

loess substrates in which (palaeo)sols developed. significant share of rhizoconcretions, 

ferrous/manganese oxide nodules and clay coatings, which indicate that there have been a 

significant illuviation in the horizons of the uppermost part of the Savudrija pedosediment

complex.
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Thank you :)
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