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SUMMARY

PeatCore W3 was taken from the fen in Wolbrom (SilesiZnacovian Upland, Southern Polaivl September

2015 Previous analyses @oreW3 showed a significant increase in lead concentration dtivetgne of the

Roman Empire as well as some changes in peat accumulation conditiengofiktreported her@vestigates

its geochemical compositian termsof major and trace elements (Pb, Zn, Na, K, Ca, Fe, Mg, Mn, Cu, Ni, Cr
by AAS) as well as Pb isotopic compositida,identify the sources of metal pollutiontime Wolbrom peat
deposit. The geochgical record spanthe periodfrom 4900 BCto modern times, with a likely hiatus
corresponding to the period from the Middle Ages to the beginnitigeobntemporary metaltgical industry.

The Pb isotopic composition combined with a cluster analysis allows identification of the primary sources of
Pb. In addition, Principal Component Analysis (PCA) helps to decipher the most important factors that affected
the chemical comsition of sedimentsit Wolbrom. These factors were linked to chemical denudation and
human activity.
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INTRODUCTION (Shirahateet al. 1980).Hence, lead isotope ratios in
peat are commonly used to identify anthropic and

Numeraus investigationse(g MartinezCortizaset natural sources of this elemerd.d. Shotyk et al
al. 1997, Shotylet al. 1998, Weiset al 1999, Baron 1998, Weisst al. 1999, 2004De Vleeschouweet
et al 2005, De Vleeschouwest al. 2007, 2009a, al. 2007, Rensoret al. 2008, Allanet al. 2013,
2009b, 2010) have demonstrated that peatlands c@ndykaet al. 2017).Previous studies of minerogenic
provide information on past natural environmentalpeatlands in Polandchave shown that primitive
changes as well asn anthropic impaa such as smelting could have started during tiec@ntury AD
heavy metal pollution. Investigation of bth (Chrést 2013, Godzik & Woch 2015, Magiertal.
ombrotrophic and minerotrophic peat depositsy 2 01 6, P atwle2012)z vy k
yield insights that are valuablen reconstructing In this study we investigate a fen near Wolbrom
natural palaeoecogical changese(g in botanical (Southern Polandyvhich providesan opportunity to
compositionor climate) and heavy metal pollution. reconstruct the history of human activity. Peat
In such studies, peat layers are dated #wr deposits from this ferwere first studied by Trela
chemical composition is used to assess pa$1928) who reported the results of pollen analysis.
geochemical conditionslherefore, he mobility of Subsequenpalaeobotanical studies were undertaken
metal elements is a crucialctor. It is determined by bylat at owaOb(ildom6)c z (1976)
the element type, chemical form, sediment type& Nalepka (1987).These studies showed that
absorption by plants (MacKenzit al 1998), pH Wolbrom is a minerogenic peatland and the peat
variations, and adsorption on okydroxides contains numerous remains @farex Phragmites
(Rauschet al. 2005)etc Lead is rather immobile in and Bryales The palaeobotacal analysis was
peat (MacKenziet al. 1997, 198; Vile et al. 1999, supplemented by some radasbon dates; however
Ali et al. 2008) although some studieaveshown the dating was performed with low resolution.
that this elementcan also migrate (Novak & The aim of te study described herewvas to
Pacherova 2008) decipherthefen archiveat Wolbromusingelements

In the natural environmentead fromdifferent and lead isotopess proxies with emphasis on
sources contam different ratios of lead isotopes anthropic sourcesf lead
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METHODS previously*C and?'%Pb datedAn agedepth model
(see Figure 1C) and some preliminary geochemical
Study area and site and botanical analyses were repotgd® a wet c z y k

The peatlad at Wolbrom (Figure 1A) i®ocatedat et al.(2017).

50° 22.636'N, 19° 46.870'iR the eastern part tiie

SilesianCracovian Upland, in th&Volbrom Gate Major and trace elements analysis

subregon (Kondracki 2013) about 40 km north of Geochemical analyses were carried out on 36 peat
Cracaw. Peatlands are very rare in this vignand, samples whosethickness varied depending on the
indeed, throughout southern Poland (IMUZ 2006)depth. In the upper part of the core, from the surface
The present climate is temperate with mean annudbwn to 15 cm depth, the samples were @nShuck,
temperaturearound7°C and average precipitation and from 15 cm depth to the bottom the resolution of
about 700 mm it ( Kruczat a 20 0 8anpling Wase tmmdte tconcentrations of the
common winds are westerlynd southwesterly. selected major and trace elemefits, K, Ca, Mg,
Atmospheic fallout in this area is enriched in Fe, Mn, Cu, Zn, Pb, Ni and Lwere measured in
potentiallytoxic elements becautead(Pb)andzinc 1.5g of welkdried and homogenised peat powder.
(Zn) oresoccur nearby. These oresere extracted The samples were ground manually in an agate
15-30 km southwest of Wolbromat Olkusz, Klucze mortarwhichwas cleaned and dried after preparation
and Chrzanow (FigureB). of each sample. After grinding and drying 862C,

The Wolbromfen issituated ona fored-covered the samples were otbusted by heating to 55 for
watashedbetweertheSzreniawandB i @izemsza five hours.This removed organic matter (OM) and
rivers. Two hundredmetres south ahefen there is allowed determination of ® content. Afterwards,

a railway line whiéh is near Wolbrom town centre eachsample was put into a PTFE vial, then digested
(Figure 1B) The dimensions of thden are about in 8 ml of 65% HNGs, 2 ml of 10% HCI and 2ml of
1000 mx 500 m,ard the peatthicknesds >260 cm. 30% H.0.. Next, the samples were put into a
Liquid scintillation counting(LSC) measurements mineralser for one hour. Afterwards, the samples
(Tudyka & Pazdur012, Tudykeet al. 2015)have were transfer@ into polypropylene beakers and
shown that the oldest peat datieack toca. 9900 BC. made up to 50 ml with deionised water. The
concentrations of major and trace elements were
Coring measured after further proper dilutjarsing Atomic
PeatCore W3 was taken from theoutheastern part Absorption Spectrometry (AAS). The chemical
of the fen(Figure 1B)in September 2015)sing a preparation and the measuremengserperformed in
Wardenaar peat sampler. The comsvi05 cmong the Geochemical Laboratory at the Faculty of
with a cross section of 15 cm x 15 camd itwas  Geosciences of the University of Szczecin, Poland.
divided into 0.51 cm thick samples. This core wasThe routine methodology of the laboratory was used.
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Figure 1.Maps showing the locations of thites(A) andPeat Core WEB). Thedirecion and approximate
distancego theKlucze, Olkusz and Chrzandmineral oremines are indicated-he aje-depth model for
PeatCore W3 (C) waspreviouslyreportecdb y P a wet &l ¢201y).
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Pb isotopes analyses Dating
To measure the Pb isotopic composition, 24 sampldgadiocarbon (LSC techniguand?'%Pb dating were
were dried and homogenised, then ground in an aggterformed andan agedepth model (Figure 1C) of
mortar. After grinding, 1.8 of each sample was Core W3 was constructed using OxCal v4.2.4
driedat 105°C, placed ina PTFE vial and dissolved software (BronkRamsey& Lee 2013). The model
in a mixture of Iml of 14 N HNQ and 4 ml of 22 N was based on 123%Pb dates and 12C dates, and its
HF, then heated at 12& for 48 hours iralaminar average uncertainty was 118a&s. The model
flow clean air cabinet. After drying, 2 ml of 6 N HCI revealed ahiatus which lasted from 930 + 200 to
and 2 ml of 14 N HN® were added to ensure 1860 = 15 AD (calculated using OxCal, function
complete digestion, and the solutioasevapoated “ | nt er v al ’peataccundiaion rate sane
at 125°C. For separation of Pb is@es and rare between 0.53 and 6.48 nyrtt. Theagedepth model
earth el ements, the s angnd @& sorevdetailed déscrpt®m lofithe datinmgn
of 0.8 N HBr and centrifuged (12200 rpm, 10 min).methodology have already been reported by
Next, to separate lead, the samples were passBda w e t et a. @XKL7).
through exchange micr@olumns filled with pre
conditioned AG1X8 anionic resin and rinseditlv  Statistical analysis
HCl and HBr. The eluted pure Pb solution waslTo obtain meaningfulinsight into a broad set of
evaporated and issolved in HNG@ before the geochemical data, we used multivariate statistical
isotopic analysis. The chemical preparation waanalysis with cluster analysis. The levels of similarity
performed acording to the protocol described byat which observations are merged were used to
Weiset al. (2005),in the Department of Geologyt  determine distinct geochemical zones (G@&Z5).
the Univerity of Liége. Pb isotop ratios were Principal componerst analysis (PCA) wasisedto
measured using a@&u Plasma multi-collector - identify the sources from which the components were
Inductively Coupled Plasma Mass Spectramet supplied to the fen deposifEhe input variables were
(MC-ICP-MS) (©Nu InstrumentsWrexham, U at  standardsed vdues of the cocentratbns of organic
the Department of Earth and Environmentaimatter and all tested major and ¢& elements.
SciencesFree University of Brussels. Statistical analyses were performed using PAST
softwae (Hammeret al.2001).

500

Enrichment factor calculation

Determining an enrichment factor (EF) allows the

separation of anthropic supplies of trace neftaim  RESULTS

natural mineral matter. For this purpos#te was

necessary to select a conservative element indicatitdement geochemistry

of mineral matter asvell as an indicator forthe The geochemical analysis @fore W3 showed the
geochemical background. We determinedt6FPb, variability of selected major and trace elements
Zn, Cu, Cr and Ni as follows: (Figure 2) It confirmed and extendd the analysis
o . . - previously conductedy P a w e t et &. (2617). In
00 0 Tw 70 7Tw [1]  this next step, five geochemical zones were
distinguished within the core by using cluster

where M]sis the total concentration of the element .
measured ina specific sample, [X]s is the total analysisin thePASTsoftware (Hammeet al.2001).

concentration of the conservative element measurTci1e zones (coded as GAIZ5) differ interms of

Both theimajor and trace element concentratiand
in the samesample,and ([M]/[X])iocal represents the . s .
natural geochemical background of tlite,derived their geochenical indces (Figures).
by calculating the medigiM] and [X] for ten samples § Gz1 (106.5-47.5 cm) - from 4900 + 110BC to

takenfrom deptlsin the rang&9-106 cm.Thedepth
limit for background sampls was determined
arbitrarily with reference to the results D

geochemical analysis, which showed constant low
concentrations of the majority of tested elements

below 50 cm. Thesamplesrepresenting natural
geochemical backgrourgpanthe period4900+ 110
BCt03270 + 13@C. The procedurapplied &cords
with metlods adoptedelsewhere irenvironmental
researchdg. Galuszka 2006, Shotyk al.2000).

1730+ 360BC. This zone is charaetised by high
content of organic matter(88-91%) and low
content of the majority of the measured elements.
Only Ca, Na and Mg reachsignificant
concentrations in this zond heFe/Mnquotientis
relatively low and increasemly in the upper part

of the core,reaching a value ofl65 at the
GZ1/GZ2 boundary. Na/K and Ca/Mg reach the
highest valuedound in CoreW3 (5.9 and 49,
respectively).
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Figure 2.Concentrations of selected major and trace elemenBoia W3, obtained by AAS analysis
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1 GZ2(47.5-26.5cm) - from 1730 + 36@BCto 425
+ 65AD. Rapid increase in the concentrations of matter as indicated by the
Pb, Zn, K, Fe, Mn, Cu, Ni and Cr ocsun this
zone. The conterdf OM valies between 7% and
87%. The concentrations of Na, Ca, and M

decrease.

1 GZ3(26.5-14.63 cm) - from 425+ 65 AD to 655
+ 55 AD. The concentrations of Pb, Zn, K, Fe,
Mn, Cu, Ni and Cr increase while the content of
Ca decreases andg slightly increases up to
828ug g'at 17.5 cmThe content of Zn increases
and reaches its highest value (715 1y af the
boundary between GZ3 and GZ4ACa/Mg

decreasem this zone

would increase the concentrationof mineral

concentrationsof elements.

1 GZ5(2.25-0cm) -from 1990+ 5AD to2015AD.
9 The uppemost zone is charactesed by the
smallest thicknesdts OM content is the highest

in the whole profile $ 92 %). The concentrations

of Na, K, Fe, Mg, Pb, Ni and Cr decrease. The Ca,
Mn and Zncontentsare also lowelative to those
found elsewhere in theore.The Fe/Mn, Fe/Ca
and Na+Mg+K/Ca quotiens decrease while

Ca/Mg increases slightly.

Lead isotope quotients

increased

1 GZ4(14.63-2.25cm) - from 655 + 55AD t0 1990 The isotofic compositiorof lead s shownin Tablel.

The isotope quotients*®PbF4Pb, 2’PbF%Pb and
by high contents of most of the elements. K, FE°*®PbF*Pb show adecreasingrend along the core,
from 38.5169 £ 0.0011 to 38.3150 + 0.0010, from
15.6467 £ 0.0005 to 15.628t 0.0005 and from
18.5047 £ 0.0005 to 18.3481 + 0.000dspectively
and 274 ug g, respectively)whilethe content of The chang observedt 40 cmdepthcoincides with

+5AD. Thedeposisof thiszonearecharactesed
Mn, Pb, Ni, and Cr reach
concentrationgound in the core (0.78 mgY
15.33mg ¢, 557.8 ug ¢, 347.4 ugd, 9.9 ug ¢

OM reaches itaminimum value (<76%). The

thehighest

variations in Pb concentration. The binary diagodm

concentration of Ca decreases while Cu conterft®bFPb versis 2°PbF’Pb (Figures 4A and 4B)

increases rapidly. This observation is probablygonstructed using data f@8 Wolbrom samples and
related to he facility of carbonates to precipitate 12 ombrotrophic 702000 AD peat samples from

Cu (KabataPendias 2011). The

maximum values (222, .B2

Fe/Mn,
Na+Mg+K/Ca, and Fe/Caguotiens reach their
and 2.19,

St owi Aski e

(De Vleeschouweet al.2009a),s used to determine
the origin of lead itheWolbrom peatland. Figure 4A

Bt ot o

obt ai

respectively) while Na/K reaches its lowest valuealso showsthe lead isotop quotients formodern

(0.1) and Ca/Mgcontinues todecrease. In this industrial aerosols (@hofer & Rosman 2001) and

zone, a hiatus occurs. It supposed that this theUpper Continental Crust (UC@ata from Millot
et al. 2004). Figure 4B focuses on Wolbr@ampés

results from thedecomposition of OMwhich

Fe/Mn Fe/Ca
0 100 200 0 1 2

0 2 4 6 0

Na/K

Ca/Mg Na+Mg+K/Ca

20 40 0 01 0.2

Geochemical

ones
GZ5

GZ4

GZ3

GZ2

GZ1

Peat type

Figure 3.Depth profiles of some geochemicdtributes of CoreW3. GZ: geochemical zones. Peat ty
accordingto P a weylk et al (2017: black=Saprists grey=Magnocaricioni, Caricetephragmitet;
striped=Bryalo-Parvocaricioni, CariceteBryaleti; white=MagnocaricioniCariceti.
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Table 1. Lead isotapgquotiens of samples from Core W3 withodincertainty. Replicatesreindicatedby asteriskg*). For depths indicatebly #, values were not
calculated in the aggepth model.

Depth | Modelled age range
(cm) | (68.2% probability)

0.25 # 38.31499 | 0.000972| 15.62816 | 0.000®0 18.34813 | 0.0004D 2.088231 0.000017 1.174037 0.000023
1.75 1998-2009 AD 38.36027 | 0.0008® 15.62748 | 0.000394| 18.37643 | 0.000392| 2.087463 0.000019 1.175881 0.000024
2.75 1985-1998 AD 38.36395 | 0.000884| 15.62661 | 0.000466| 18.37474 | 0.000372 | 2.087865 0.000025 1.175831 0.000016
3.75 1964-1978 AD 38.35076 | 0.000902| 15.62199 | 0.000396| 18.37166 | 0.000418 | 2.087503 0.000022 1.176012 0.000021
5.25 1938-1957 AD 38.36285 | 0.001012| 15.62357 | 0.000524 | 18.37559 | 0.000452| 2.087722 0.000025 1.176129 0.00m21
6.25 1913-1933 AD 38.36228 | 0.0009® 15.62212 | 0.000438| 18.37683 | 0.000352| 2.087513 0.000025 1.176347 0.000022
7.25 18971916 AD 38.37438 | 0.00129 15.62234 | 0.000578 | 18.38259 | 0.000440 2.087544 0.000035 1.176684 0.000032
8.75 1874-1893 AD 38.38536 | 0.001B0 15.62683 | 0.0004D 18.38586 | 0.000494| 2.087781 0.000022 1.176577 0.000025

208ph/204ph 26 | 27Pp/pp 26 | 25Pp/pp 26 | 2%Pp/spp 26 206pp/207Ppy 26

10.75 # 38.39738 | 0.000968| 15.62665 | 0.0005D 18.39312 | 0.000434( 2.087592 0.000028 1.177052 0.000029
12.75 # 38.39216 | 0.000994| 15.62338 | 0.000458( 18.393D 0.000466 | 2.087242 0.000025 1.177327 0.000017
13.75 # 38.39779 | 0.001286| 15.624® 0.000542| 18.39645 | 0.000532| 2.087237 0.000023 1.177449 0.000022
15.5 600-660 AD 38.43146 | 0.000892| 15.633% 0.000412| 18.40728 | 0.00039 2.087847 0.000018 1177441 0.000021
15.5* 600-660 AD 38.41084 | 0.001074 15.62649 | 0.000542| 18.40182 | 0.000486| 2.087301 0.000023 1.177608 0.000027
20.5 500-595 AD 38.40316 | 0.0008D 15.62378 | 0.000408 | 18.40116 | 0.00034€ 2.086974 0.000018 1177776 0.000019
25.5 395495 AD 38.40091 | 0.001276| 15.62427 | 0.000602| 18.39612 [ 0.000%0 2087425 0.000034 1.177407 0.000024
30.5 215-395 AD 38.43335 | 0.000832| 15.63554 | 0.000364( 18.40D0 0.000314| 2.088669 0.000021 1.176865 0.000019
35.5 90 BG-175 AD 38.407D 0.000914| 15.62388 | 0.0004D 18.40413 | 0.000334| 2.086903 0.000025 1.177940 0.000019
40.5 490-75 BC 38.44476 | 0.001002| 15.63867 | 0.000608| 18.417® 0.000478| 2.087407 0.000029 1.177667 0.0000®

49.5 2530-1695 BC 38.49801 | 0.00104 15.64634 | 0.0004D 18.46169 | 0.000408| 2.0853D 0.000022 1.179929 0.000021
59.5 3430-3170 BC 38.4613® 0.000934 | 15.64024 | 0.000424 | 18.41979 | 0.000416| 2.088092 0.000023 1177717 0.000019
69.5 3855-3610 BC 38.50595 | 0.000804| 15.64753 | 0.000412| 18.45877 | 0.000338 | 2.086085 0.000017 1.179656 0.000024
81.5 4285-4090 BC 38.4549 0.000806| 15.64238 | 0.000352| 18.41505 | 0.000346| 2.088226 0.000019 1.1772% 0.000019
91.5 45854410 BC 38.51694 | 0.000954| 15.64674 | 0.0005D 18.50472 | 0.000468 | 2.081459 0.000021 1.182633 0.000025
106.5 49954790 BC 38.44524 | 0.001092| 15.63576 | 0.00090 18.44128 | 0.000478| 2.084745 0.0000D 1.179431 0.000023
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A & peatfrom Wolbrom, present work
2.13 T,

® peat from Slowinskie Bloto (de
J11 Vleeschouwer et al. 2009a)

e, 997 B UCC (Millot et al. 2004)
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Figure4. 2°PbP%Pb versis 2°PbP’Pb diagram. (A) shows24 peat samples from Wolbrom (this worl
12peatsepl es from St owi ns ki etalRR009a), modérDurbanvairberaespartic
from Europe (Bollhéfer & Rosman 2004jnarked with a daed ling and Upper Continental Cru@tCC)
(Millot et al 2004) (B) showsthe peat samples from Wolbrqrdistinguishedn the basis afjeochemical
zones (GZ 15), set againgthe background of locgalenaoresample: 9 from Klucze (the nearest locatit
to Wolbrom), 2 from Olkusz and 1 from Pomorzany (Chwethl 1996);and5 from Chrzandw, 4 fromn
Pomorzany and 2 from Olkusz (De Vleescheuet al 2009b). The error bars are negligible.
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distinguished according to the geochemical zoneSnrichment factor
GZ1-GZ5 and slows themalongsidelocal Silesian The calculated enrichments of heavy metals which
galena samples from Klucze, Olkusz and Pomorzargharacterise the fiein Wolbrom are related both to
(Churchet al 1996) and from Olkusz, Pomorzanythe supply of natural mineral matter and anthropic
and Chrzanow (De Vleeschouwatral.2009b). influence(Figure 6) TheEFsaremostpronouncedor

The binary diagramin Figure 5 shows the Pb and Zn, reaching maximum values of 5.2 and 2.4
relatiorship between lead content andsotopic for these two elements, respectively. The maximum
composition It was constructed by combining the EF value for Cu (#) occurs close to the ground
isotopes data from Table 1 with lead concentratiosurface. Cr and Ni are characterised by EF values
data (see Figure 2). flocuments changes in the Pboscillating around 0.5 times the background values,
isotope composition that are consistent with Pb which are statistically insignificant. For each
contamination measured metal, EF increases from 45 cm depth,
reaching a peak at40 cm éxcept for Pb, whose first
peak is at 33.5 cm) which corresponds to a date of
170 B=Q15 ¢re). Then, the EFs for Cu, Cr and
Ni decrease up to 33.5 cm, subsequently remain
stable up to 10.75 cm, and finally increase slightly
towards the surface. Fron® 3o 15 cm depth (335 to
AGz3 640 AD), the EF for Pb fluctuates around 3. It reaches
its maximumvalue(5.2)at~ 5 cmdepth(~ 1955AD).

0.852
©GES

0.851 *GZ4

0.850

DD Acz The value of EF for Zn ranges between 0.9 and 2.4.
o 8 It changes from 1.5 at 421 cm to 2.4 at 265 cm
3 -en (560-640 AD), then dereases to 0.9 at 3 cm (198D)
:-g‘ 0.848 - 0 o before increasing again, reaching 2 near the surface.
N O

0.847

INTERPRETATION AND DISCUSSION

0846 Principal component analysis (PCA) enabled the
o most important factors affecting the chemical

0.845 ; composition of the sediment to be distirghed
0.0 0.2 04 0.6 0.8 1.0 12 14 using Kaiser’s Criterion

1/[Pb] that had eigenvalues of correlation matrix greater
than unity. Based on the concentrations of the 12
Figure 5.1/Pbversus®PW*"Pb binary diagram  studied geochemical components of the deposit, three
distinguishing the five geochemical zones in C  complementary components were identifidiuhat
W3. Constructed by combininPb°Pb data  explained 91.6 % of the geochemical variability of
from Table 2 with Pb content data (see Figure the Wolbrom peat (Figure 7).

Pb EF Zn EF Cu EF Cr EF Ni EF

1955AD

D D S-S S I S 64040 __

___________________________________________________________________________________________________________ 360AD _

335AD

Depth,cm
%8 5 08
L L ]

170BC

=
=)

=
[l

50 -

Figure 6. Pb, Zn, Cu, Cr and Ni enrichment fac{@&fss)in CoreW3. The EBEwerecalculated using K a
thereference element.

Mires and Peat, Volume 21 (2018), Article 18, 1-13, http://www.mires-and-peat.net/, ISSN 1819-754X
© 2018 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2018.0MB.349



F. Pawetczyk et al. HOLOCENE ELEMENTAL AND LEAD ISOTOPE RECORD IN PEAT FROM WOLBROM

The first component (PC1) explaigg.2 % of the Na and Ca content. The positive correlation with K,
total variation and is connected to human activitywhich is a part of aluminosilicate, indicates a relative
because it is positively correlated with theconcentration of clay minerals in biogenic deposits
concentrations of K, Fe, Mn, and the heavy metalf_ast 2001). It is noteworthy that the highest values
Cu, Zn, Pb, Ni and Cr (Figure 7A). Moreover, it isof PC1, indicative of high contenf trace elements

strongly negatively correlatedRr=-0.88) with OM, (Cu, Zn, Pb, Ni, Cr), occur in the geochemical zones

A % of the variance PC 1
8 1
x
= \ 67.2% 0.8
o 7
£ 0.6 -
s © 0.4
©
) 5 0.2 -
E 4 e 0
“E 3 -0.2
g, 15.8% 04 4
s, i 05
-I.’?_J‘:I 0 T T T T -0.8 -
1 2 3 4 5 6 7 8 9 10 11 12 -1 .
Components OM Na K Ca Mg Fe Mn Cu Zn Pb Ni Cr
PC2 PC3
1 1
0.8 08 |
0.6
0.6 -
0.4 I
0.2 I 0.4
= 0 — . L — — = 0.2
o 0
0
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OM Na K Ca Mg Fe Mn Cu Zn Pb Ni Cr OM Na K Ca Mg Fe Mn Cu Zn Pb Ni Cr
B C
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.
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Figure 7.A: Eigenvalues ofhe correlation maix (top left) and correlations of the geochemical variat
determined by chemical analysis with the first three principal conmger@ = correlation coefficient);
B: depth profiles of geochemical zones (GBJlLand the principal components R@T3 in Core W3and
C: theagedepth model previouslseportecb y P a wet &l €201y).k
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GZ3-GZ4 (Figure 7B). The enrichment of K, Fe and| The second engoint, with average values
theheavy metals Zn, Pb, Ni, and i@rthe same zones  2%PpfoPb = 1.174,%°PbF°%Pb = 2.088 and
suggests increased human activity.g( mining, [Pb] = 88.34ug g', comes from the uppermost
smelting), which is alsmdicatd by the lead isotep part of the core (0.75 cm) and is consistent with
composition. The sbng positive correlation with Fe  the average signature of modern urban airborne
and Mn (R=0.9 and 0.48, respectively) combined particles {°PbP°"Pb= 1.1452%PbP%Pb=2.116
with negative correlation with Ca suggesome Bollhtfer & Rosman 2001)Therefore, this end
groundwater involvement  The  increasing point represents he modern anthropicPb
Na+Mg+K/Caquotientin GZ4 (0.2<) and negative pollution derived from industrial activity and

correlation with OM cortent meansa pgitive fossil fuel combustion. The most recent samples
contribution of mineral matter in PGlsuggeshg (GZ4-GZ5) are located close to the second
increased mechanical denudation and allochthonous (modern)endpoint. They also plot close to peat

supply of mineral matter and selected elemeats ( sampl es from St owi nski ¢

Cu, Cr and Ni migrate passively with mineral matter) Vleeschouweet al. 2009a).

to the deposit as a result of surface riimofaeolian _ o _

suppy (Landner & Reuther 2004). PC1 @& low i T.he third enepoint is located in an area of the

importarcein the remaiderof the profile. diagram represented by the locatBbores. The
The component PCéxplairs 15.8% of the total linear trend of samples from GZ2 and GZ3

variance. It is positively correlated with Ca, Mg, Mn, indicates locabres as a source of lead.

and Zn content and negatively correlated with the

content & OM, Cu and Cr (Figure 7A). This

component reaches its maximum values witttines

GZ3-GZ4, in parallel with the highest Zn

concentrationThis may indicate some exploitation

of Zn-rich galena ores at that time (520 AD).

However, the negativeorrelation with Pb, Ni, and

gr _suggr?_sts thit anéhroﬁiuﬂuenceis Igss Ob‘ﬂﬁus associated with an increase in Mbis noteworthy
uring thisperiod and rathey a connection Withthe 5 smal| increasin 2°Pb%Pbis visiblebetween

hiatus, which isan effect of the decomposition of : : : :
’ . ) . the fifth and sixthcenturies AD(GZ3). During the
OM. A small peak in PC2 at a 780 cm in GZ1iS <36 period, we notica decrease in Zn and Pb

connected withmincrease of measured elements an@nrichment factorahich could have been caused by
may indicate some selective chemical denudation. decreased human activity ine Great Migration

The third - component (PC3) is  poSitively time ' o 4 period of extremely cold climaten
correlated with the concentrations of Na, Mg, and F%urope(BUntgenet al 2011)

and negatively correlated with Mn and Zn content.
While PC3 is less important aedplairs only 8.6%

of the total variancepossibilities forany further CONCLUSIONS
interpretation are limited. The geochemical

variations are reflectedJ_y changesin the peat |, investigated profile(W3) from the fen in
accumulapon ra]:[e (see Flgu_rtt)al 7C). hemical dWolbrom spans the period from 4900 BG the
A review of the possible geochemical an present day. The deeplayers of peat (from 4900 BC
archaeologicasources of Pb pollution indicates that,[0 ca 1730 B are undisturbed, and no reflection of
local Pb ores art;e the dmc_)st I|kelll3)/ sourcestt;hré human activity is observed ther&he Pb isotope
cont?mm?tl?]n gbser"e N IW.O r(l)lrpea(tj The composition in this part of the coresembles that for
results of the Isotepana ysis allowe usot Upper Continental Crust, indi¢ag anatural origin.
reconstruct the lead sources (Shiratattal. 1980). The middle and uger parts of the core (730 BCto
In_ Fl_gure 4 the sar_ﬂms from Wolbrom are scattered present dayshowthe effects ofthe most important
within a trianglewhich suggestthat there aratleast ¢, 1o rfor development ofhefenwhich was simply,
three differentontributingsources human activityThere is an earlgonnecn to local
! The first enedpoint is characterised by high ore mining and smeltinghe first significant change
206ppPOPh (1.183) and low**PbFPb (2.082) in Pb isotoe quotiens (at the boundary between
and corresponds to the oldest GAinples (4900 zones GZ1 and GZ2)indicates ore exploitation
1165 BC) The concentration of Pb at this point isbefore thetime of theRoman Empie. Next, we can
7.78 ug g*. It coincides with the natural crustal observea progressive increase the value ofPC1
source represented by UCC (Millettal 2004). from 40 cmdepth(ca 370 BCto 30 AD), although

Most of the samples define a linear mixing trend
between modern pollution and natural crust.
However, there are points from the middle part of the
corethatsuggesacontribution fromocal ZnPb ores

as ahird source. Moreovethe changes in Pb iso®p
guotient arerelated tothe ags of the samplesThe
decrease in?PbPPb throughout the core is
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this trendhas changed over timdor example, when
human activity decreased during tBesat Migration
Time between thdifth and sixth centuries AD
Recently, a regional human impact connected to
fossil fuel combustion is visible, especially in the
uppemostpart of the core (correspoing to the last
~50 years) wherghe Pb isotog composition in
conjunction with Pb concentratiandicaies heavy
airborne pollution. The PCA confisnprevious
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