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Abstract. Dust deposition in southern Belgium is estimated 1 Introduction
from the geochemical signature of an ombrotrophic peatland.
The rare earth elements (REE) and lithogenic elements con-
centrations, as well as Nd isotopes, were determined by HRAtmMospheric dust is an important part of the global climate
ICP-MS and MC-ICP-MS, respectively, along a6 m peat ~ System, and plays an important role in the marine (Meskhidze
section covering 5300 yr, from 2000 to 7300 cal BP, dated byet al-, 2003) and terrestrial (Goudie and Middleton, 2006)
the 14C method. Changes in REE concentration in the peatiogeochemical cycles as a source for both major and trace
correlate with those of Ti, Al, Sc and Zr that are lithogenic nutrient elements. Reconstruction of dust composition and
conservative elements, suggesting that REE are immobile ifluxes is crucial to help in understanding Holocene climate
the studied peat bogs and can be used as tracers of dust dé@riability as well as ongoing biogeochemical cycles. In
position. Peat humification and testate amoebae were used feurope, the Holocene was defined as a typical interglacial
evaluate hydroclimatic conditions. The range of dust depo-Period with climate oscillations at various timescales, i.e.
sition varied from 0.03 to 4.0gnfyr—1. The highest dust Millennial, centennial and decadal.
fluxes were observed from 2750 to 2550 cal BP and from Recently, the link between Holocene climate and atmo-
5150 to 4750 cal BP, and correspond to cold periods. ThesPheric dust deposition has been intensively studied (e.g.
¢Nd values show a large variability from13 to—5, identi- ~ Gabrielli et al., 2010; Kylander et al., 2013; Lambert et al.,
fying three major sources of dusts: local soils, distal volcanic2012; Marx et al., 2011; Sapkota et al., 2007; Thompson
and desert particles. et al., 2003). Climate (dry and/or wet conditions) influences
the intensity of the transport of air particles and their abun-
dance (Goudie, 2001). Dust particles can be transported for
thousands of kilometres before their deposition (Grousset et
al., 2003). The principal sources of atmospheric dust are the
world’s deserts, and arid and semi-arid areas including north-
ern and southern Africa, the Middle East and Asia, dry river
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banks, dewatered sea coast and Australia (Grousset and Bidiscriminate the sources of dust in peats. By using a Swiss
caye, 2005). Local and regional anthropogenic sources mapeat core, Le Roux et al. (2012) showed that the combination
also influence the dust deposition (Tegen et al., 2004). Dusbf dust flux and Nd isotope composition may successfully
deposition depends on several factors, among which the dudte applied to identify the sources of dust and to evidence
concentration in the atmosphere, precipitation and vegetatioglimate forcing during the Holocene. Neodymium isotopes
cover (Lawrence and Neff, 2009). confirmed the importance of the Sahara as a dust source over
Among other palaeoclimate archives, ombrotrophic peat-western Europe (Le Roux et al., 2012).
lands (e.g. Le Roux et al., 2012; Kylander et al., 2007; Marx In this study a continuous dust record for the period be-
et al., 2005, 2009; Sapkota et al., 2007; Shotyk et al., 1998jween 2000 and 7300 cal BP is produced from a Belgian om-
and ice cores (e.g. Delmonte et al., 2004; Lambert et al.pro/minerotrophic mire. The main aims are (1) to reconstruct
2012; Thompson et al., 1995, 2000; Zdanowicz et al., 2000changes in atmospheric dust deposition using Al, Ti, Sc, Zr
are unigue continental archives in which the dust contentand REE elements; (2) to determine dust sources using REE
records exclusively the changes in atmospheric deposition ofontent and Nd isotopes; (3) to investigate the relationship
dusts during the last interglacial period. In recent decadesbetween dust flux and climatic variability during the mid-
biological (e.g. plant macrofossils, peat humification, testateand late Holocene through a comparison of dust records from
amoebae and pollen) and inorganic (e.g. particle size, minpeat bogs with other “climatic indicator” proxies undertaken
eralogy and chemistry of atmospheric mineral dust) prox-on the Misten peat bog (humification and testate amoebae);
ies have been used in peat bogs to trace past changes and (4) to compare dust records from peat bogs and ice cores
temperature and precipitation (e.g. Chambers et al., 2011in the Northern Hemisphere.
Roos-Barraclough et al., 2002; Shotyk et al., 2001; Vali-
ranta et al., 2007). For example, the hydrological conditions ,
strongly control the occurrence and relative abundance of Material and methods
different testate amoeba species on peatlands (Charman Et
al., 2000). By analysing testate amoebae community changes’

over a peat profile, it is possible to quantitatively and quali- February 2008, a peat core (MIS-08-01b, 750 cm) was col-
tatively reconstruct changing mire surface wetness (Booth €facted from the Misten site in the Hautes-Fagnes Plateau
al., 2004; Lamentowicz et al., 2008; Sillasoo et al., 2007). Belgium (Fig. 1). The top 100cm was sampled by using a

The different proxies may be partially interdependent buty;ianiym Wardenaar corer (Wardenaar, 1987) from the Uni-
they are all controlled in a more or less direct way by cli- versity of Heidelberg. The lower peat was cored with a Be-
mate. As each individual proxy has its own limitations and |5 ,ssian corer (Belokopytov and Veresnevich, 1955). The

problems, it seems clear that a multi-proxy approach is NECypper 135cm, representing 2000yr, are influenced by hu-

essary. In general, the mineralogy and the chemical and iSGya activities. As such, we mainly focused our study on
topic composition of the deposited dust should be similar Oihe prehistoric dust variability in the 135-750 cm depth in-

its source material (Aubert et al., 2006; Le Rou>§ etal., 2012;;01 a1 that represents’5300yr (from 7300 to 2000 cal BP).
Sapkota et al., 2006). Consequently, the chemistry of atmOrqre syb-samples of 1cm thick slices were taken accord-
spheric dust particles trapped in the peat bogs can be used [ 15 the protocol defined by Givelet et al. (2004). In Mis-

distinguish between local, regional and hemispheric du§t iNten peat, Ca/Mg ratios, St concentration and testate amoe-
put (e.g. Krachler et al., 2003; Kamanov et al., 2009; Muller 5 45semblages (unpublished data) were used to distinguish
etal., 2007; Sapkota et al., 2006; Shotyk etal., 2002). ~ patyeen the ombrotrophic and minerotrophic peat section
Rare earth eIem_ents (REE) argW|de!y used to trace the d'f(Payne, 2011; Shotyk, 1996; Shotyk et al., 2001). The peat
ferent processes in cosmochemistry, igneous petrology anl omprotrophic (i.e. receiving inputs exclusively from the

sedimentology because of their low solubility, transport 0C- atmosphere) for the upper 6.8 m and minerotrophic for the
curring largely in the particulate phase in the atmosphergq  or interval (from 6.8 to 7.5 m).

and their origin from natural sources (e.g. Taylor, 1972). Re-

cently, REE have been used as tracers and reference elemem® Ash content and humification

in broad fields of atmospheric environmental studies (e.g. Le

Roux et al., 2012), Nevertheless, to our knowledge, few stud-To identify the content of mineral matter defined as “ash con-
ies including the present study have investigated the comtent”, 0.1 to 1 g of dried peat was taken from each subsample
plete REE patterns in peat profiles to trace the dust source§: = 420) and heated to 55C and kept at this temperature
(e.g. Aubert et al., 2006; Le Roux et al., 2012; Krachler etfor a period of 6 h to remove all organic matter by combus-
al., 2003). Radiogenic isotope signature of sediments is ofteion (Chambers et al., 2011). The humification degree was
used as provenance proxy as it is not affected by erosion andstimated by colorimetric method on peat alkaline extracts
transport. In peatlands, Nd isotope data are scarce, only megChambers et al., 2011) with a spectrophotometer for ab-
sured in a few sites (e.g. Etang de la Gruére in Switzerlandsorbance measurement at 540 nm available at the University
Le Roux et al., 2012). Neodymium isotopes may be used tmf Liege (Belgium).

1 Sampling and preparation
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Fig. 1. (a) Location of the Misten peat bog in eastern Belgium, @mdmap of the Misten peat bog modified from De Vleeschouwer et
al. (2007). The colouring indicates the peat thickness as deduced from surface radar prospection (Wastiaux and Schumacher, 2003). The re
dot shows the location of the MIS-08-01b core.

2.3 Chemical analyses Chauvel and Blichert-Toft, 2001) was processed every two
samples to correct for instrument drift. The mean values

Titanium (Ti), aluminium (Al), zirconium (Zr), scandium obtained for the Nd Rennes standard were stable during the

(Sc) and rare earth element (REE) concentrations of the peaheasurement sessiort$3Nd/14*Nd = 0.511945+ 0.00002

were determined (about 200 mg) every 4cm=(170) by (20, n~150), °Nd/*Nd=0.348404+ 0.000012,

ICP-OES and HR-ICP-MS Thermo Element XR at the Ob- 146Nd/44Nd=0.721598t 0.000051. Nd Rennes values

servatoire Midi-Pyrénées in Toulouse (France) after com-are in agreement with the long-term laboratory value

plete dissolution of the 100 mg of sample with a mixture [z = 750, 43Nd/*Nd=0.511946+ 0.00003]. The Nd

of HNOs-HF-H,0, in SavilleX® beakers on a hot plate in a isotopes and epsilon Nd are given in Table 1. Epsilon

clean room (class 100). The standards (NIMT p&aHTJ neodymium ¢Nd) was calculated according to DePaolo and

CTA-OTL-1 oriental tobacco leave$\IST tomato leaves Wasserburg (1976):

1573 andAEA lichen 336) were used to assess the external

analytical reproducibility. eNd = (
Fifty-eight samples were prepared for Nd isotopes (Ta-

ble 1). About 200mg of each sample was ashed ar650 | here 0.512638 corresponds to the chondritic uniform reser-

over a period of 6 h _to remove all organic matter (Chgmbers\loir (CHUR).

gt al., 2011). The dried organic-free samp!es were d|s_solved The 143Nd/144Nd ratios vary between 0.51184 and

in a mixture of concentrated HNCand HF in a proportion 5 51269 (13<&Nd < —5, Fig. 3), wheread4’Sm /444Nd

of 1:4 heated at 125C for 48 h. After drying, 2mL of ratios range from 0.1053 to 0.1398 (Table 1).
6M HCI were added to ensure complete dissolution and

that the solutions were evaporated. For separation of alkali® 4 Testate amoebae

(e.g. Ca, Rb, Sr) and REE, the samples were dissolved in

2mL of 1M HCI and passed on Bio-Rad columns filled Testate amoebae were isolated from Misten peat by a wet
with AG50W-X8 200 mesh resin (Ali and Srinivasan, 2011). sieving procedure (Booth et al., 2010; Beghin et al., 2013).
Neodymium isotopes were isolated by passing the solutiorOne hundred tests were counted for each sampie 130)

on quartz columns filled with HDEHP resin. The samples from the 7300 to 2000 cal BP interval. The identification
were dissolved a second time in 1.5 mL 0.05M HNé&fore  is done according to Charman et al. (2000) and Payne and
Nd isotopic measurement. The Nd isotopic ratios were meaMitchell (2009). For a better visualisation of wet and dry pe-
sured by MC-ICP-MS (multi-collector inductively coupled riods, the testate amoebae were classified according to their
plasma mass spectrometry, Nu Plasma) at G-Time laboratorgffinity to wet or dry conditions (Charman et al., 2000).
(Université Libre de Bruxelles). During the analysis, the Slides were scanned at 10 to »0nagnification by using

Nd Rennes standard“eNd/A4*Nd=0.51196H 0.000008, standard optical light microscopy. The relative abundance of

(143Ng/144Ng

0512638 1) *10000 @
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Table 1. Sm—Nd analytical results of the samples from the Misten

peat.
sample depth (cm) Age cal BP 143Nd/44Nd 2se  &Nd
158 146 2137 0,5120522 0,00002-11,4
142 170 2335 0,5120530 0,00002-11,4
169 185 2404 0,5120180 0,00001-12,1
172 189 2414 0,5120856 0,00001-10,8
178 198 2494 0,5120364 0,00001-11,7
182 204 2522 0,5121009 0,00001-10,5
196 225 2632 0,5120130 0,00001-12,2
203 230 2646 0,5119776 0,00001-12,9
209 239 2687 0,5120455 0,00001-11,6
221 257 2776 0,5120137 0,00001-12,2
224 261 2814 0,5120627 0,00001-11,2
240 280 3030 0,5120992 0,00001-10,5
245 288 3109 0,5120382 0,00001-11,7
248 293 3172 0,5121002 0,00001-10,5
257 307 3292 0,5120936 0,00001-10,6
269 321 3495 0,5121232 0,00001-10,0
297 364 3884 0,5121395 0,00002 —9,7
311 380 3969 0,5120793 0,00001-10,9
320 393 4056 0,5120760 0,00002—-11,0
329 407 4123 0,5120777 0,00001-10,9
335 410 4148 0,5121256 0,00002-10,0
352 435 4532 0,5121396 0,00004 —9,7
362 450 4619 0,5121375 0,00001 —9,8
365 451 4646 0,5120951 0,00001-10,6
372 461 4753 0,5120659 0,00001-11,2
377 468 4816 0,5121012 0,00003-10,5
383 477 4856 0,5121426 0,00001 —9,7
392 491 4954 0,5121105 0,00001-10,3
400 498 5051 0,5123538 0,00005 —5,5
404 504 5109 0,5121058 0,00001-10,4
410 513 5209 0,5121088 0,00001-10,3
413 518 5260 0,5120836 0,00001-10,8
428 540 5516 0,5120002 0,00001-12,4
437 549 5570 0,5121309 0,00001 —9,9
443 558 5686 0,5121284 0,00001 —9,9
449 567 5749 0,5121436 0,00001 —9,6
455 576 5807 0,5121391 0,00002 —9,7
461 585 5868 0,5122329 0,00002 —-7,9
464 586 5879 0,5121023 0,00001-10,5
476 603 5979 0,5121120 0,00001-10,3
484 615 6082 0,5121573 0,00001 —9,4
494 630 6178 0,5121320 0,00002 —9,9
500 633 6221 0,5121447 0,00002 —9,6
509 647 6364 0,5121696 0,00001 —9,1
518 660 6522 0,5121498 0,00001 —9,5
542 692 6786 0,5123354 0,00003 -5,9
548 701 6877 0,5123008 0,00003 —6,6
555 711 6948 0,5121199 0,00001-10,1
569 712 6960 0,5121117 0,00002-10,3
581 729 7053 0,5121198 0,00001-10,1
590 743 7206 0,5122868 0,00001 —6,9
duplicate
169 185 0,5120024 0,00192-12,4
178 198 0,5120511 0,00230-11,4
196 225 0,5120082 0,00169-12,3

Clim. Past, 9, 22852298 2013

M. Allan et al.: The Misten peat bog dust

MIS-08-01b A

cal BP
5000 6000 7000
1

4000

3000

} o
T 1] T T T T
200 300 400 500 600 700
Depth (cm)

Fig. 2. Bacon age—depth model for the MIS-08-01b core. Grey
scales indicate all likely age—depth models, and dotted lines indi-
cate the 95 % confidence ranges.

each species was calculated as a percentage of the total num-
ber of counted tests.

2.5 Radiocarbon dating

Radiocarbon ages were obtained on macrofossil samples
(stems, branches or leaves of plant material) extracted un-
der a binocular microscope. Samples were prepared at the
GADAM Centre (Silesian University of Technology, Gli-
wice, Poland) according to the protocol described by Pi-
otrowska et al. (2011) and Piotrowska (2013). Radiocarbon
dates ¢ = 15, Table 2) obtained by acceleration mass spec-
trometry (AMS) were processed using the “Bacon” software
(Blaauw and Christen, 2011) to establish an age—depth model
as well as an age range for each slice of peat (Fig. 2). The
curve IntCal09 was used for calibration (Reimer et al., 2009).
The age—depth model was calculated for 600 cm of the stud-
ied peat core. The accumulation rate was set as a gamma dis-
tribution with a mean of 10 yr crmt. The accumulation vari-
ability was set with a beta distribution with strength of 4 and
amean of 0.7.

3 Results
3.1 Chronology of peat accumulation

The ranges of calibrated radiocarbon ages of dated peat lay-
ers are presented in Table 2. The age—depth model (Fig. 2)
covers the period from ca. 7300BPto 2000 BP. The age
model reveals a relatively constant peat accumulation rate,
with an average value of ca. 0.11 mnTyr Consequently,

the analysis of 1 cm thick samples represents ca. 9yr each,
which limits the resolution of the dust flux reconstruction.

www.clim-past.net/9/2285/2013/
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Table 2. Results of*4C dating for the MIS-08-01b peat core. Independently calibrated age ranges were obtained with the OxCal4 program
(Bronk, 2009), and the modelled ages were obtained after “Bacon” calculations (Blaauw and Christen, 2011). In both cases the IntCal09
calibration curve was used (Reimer et al., 2009).

Depth Modelled age
Sample Name Laboratory No  (cm) Agel4C BP range BP
(94.5 % probability)
MIS-01/130 GdA-1545 135,5 208530 1990-2140
MIS-01/153 GdA-1546 142,6 218635 2115-2250
MIS-01/138 GdA-1547 165,3 224D35 2150-2340
MIS-01/183 GdA-1548 205,5 253B35 2490-2695
MIS-01/202 GdA-2228 228 263620 2740-2775
MIS-01/214 GdA-2229 246 2448 20 2400-2700
MIS-01/245 GdA-2230 286,17 298025 3075-3255
MIS-01/282 GdA-2231 340,77 34820 3650-3830
MIS-01/334 GdA-2232 408,03 37830 4000-4240
MIS-01/381 GdA-2233 474,25 432030 4830-4960
MIS-01/450 GdA-2234 568,8 505820 5740-5895
MIS-01/476 GdA-2235 603 5216830 5910-6095
MIS-01/517 GdA-2236 658,8 568D20 6410-6495
MIS-01/541 GdA-2237 690 5946 20 6680-6840
MIS-01/589 GdA-2238 741,38 623520 70257250
3.2 Density, ash content and humification 3.4 Dust flux

The density of the peat between 135 and 750 cm depth iccording to Shotyk et al. (2002), the dust flux can be cal-
the Misten core (2000-7300calBP) ranges between 0.0%ylated using a conservative lithogenic element concentra-
and 0.12gcm?®. The ash content varies between 0.1 andijon (ngg™Y) in the bulk peat, its occurrence in the upper
2.4%. The humification degree varies between 25 anccontinental crust (UCC, Taylor and McLennan, 1985), the
80% (Fig. 3). From 135 to 550 cm (2000-5570 cal BP, om-density of the peat (g cn?) and the peat accumulation rate
brotrophic section), the highest density corresponds to thgcm yr1):

more humified peat sections £ 0.1). This similarity can Dust flux (gnr2yr-1) = ([element}ampid[element]icc)

be explained by plant breakdown during peat decomposi+density*accumulation rate*10000.

tion (Roos-Barraclough et al., 2002). In the lower peat sec- The dust flux was calculated using Ti, Al, Zr afdREE

tion (below 680 cm, minerotrophic peat), the ash content pro{Fig. 5). The four dust flux profiles are very similar£ 0.75,
gressively increases towards the bottom of the core, in paral, = 170). This similarity is explained by the positive cor-
lel with the density £ = 0.4). The intermediate peat section relation between Ti, Al, Zr and_REE concentrations, and
(from 550 to 680 cm, 5570-6675 cal BP) is characterised bypy the similar composition of a main part of the dust and
lower values of ash content and humification (Fig. 3). the average UCC. The absolute values of the dust flux de-
pend on the reference element used (e.g. Ti, Al, Zr) to cal-
culate it. The highest dust fluxes are observed from 210 to
250 cm depth (2—-4.5gnfyr—1, from 2750 to 2550 cal BP)
"and from 510 to 460 cm depth (1-2.4 gfyr—1, from 5150

to 4750 cal BP).

3.3 Elemental concentrations

The conservative elements (Al, Sc, Ti, Zr) and REE concen
tration profiles in the Misten core are very similar (Fig. 4).
We report La and Nd as light REE (LREE), Sm and Eu
as medium REE (MREE) and Yb and Lu as heavy REE
(HREE) (Fig. 4). The REE concentrations remain relatively
low and constant between 550 and 680 cm (from 5570 to

6675 cal BP). They increase three- to fivefold above 500 crOne hundred testate amoebae individuals were counted in

(5075 cal BP) and below 680cm (Fig. 4). Correlation co- the Misten peatland core. Five biozones (A to E) were de-

efficients indicate individual REE vary in the same mannerﬁned by using CONISS (Grimm, 1987) acpording the tes-
within the deposit with- values> 0.95. tate amoebae assemblages (Table 3 and Fig. 6). The fluctua-

tions were primarily driven by changes in the relative abun-
dance ofAmphitrema flavum, Difflugia pulex, Amphitrema
wrightianumandHyalosphenia subflavérig. 6). Zone A is

3.5 Testate amoebae

www.clim-past.net/9/2285/2013/ Clim. Past, 9, 2288298 2013
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Table 3. Descriptions of testate amoebae zones. Details on testate amoebae assemblage are given in Beghin et al. (2013).

Depth

Zone (cm)

Calendar
Age calBP  Major taxa

Zone description

E 305-140

3250-2085 Hyalosphenia subflava
Amphitrema flavum and
Amphitrema wrightianum

Hyalosphenia papiliand
Nebela militaris Assulina musco-
rum, Assulina seminulunare vari-

ably abundant in this zone. Decrease
in Difflugia pulex

D 415-305 4190-3250 Difflugia pulexand

Amphitrema flavum

Increase irDifflugia pulex

Assulina muscorum, Assulina
seminulumAppearance ofyclopy-
Xis

arcelloides Hyalosphenia papilio
andNebela militaris.

C 535-415 5475-4190 Amphitrema flavum Decrease iifflugia pulex
Variable abundances ofssulina
muscorum, Assulina seminuliand

Difflugia pulex

B 660-535 6520-5475 Difflugia pulex Decrease imphitrema flavumin-
crease inDifflugia pulex. Variable
abundances ofssulina muscorum,

Assulina seminulum

A 750-660 7300-6520 Difflugia pulexand

Amphitrema flavum

Increase irDifflugia pristis

the minerotrophic part of the Misten peat bog. Zone B isshown by the two other groups, which may be explained
dominated byDifflugia pulexand zone C byAmphitrema by dominant local sources (Belgian slate and shale). The
flavum these zones display dry and wet conditions respecEu anomaly clearly distinguishes minerotrophic against om-
tively. The taxonomic diversity is increasing in zone D. In brotrophic peat layers (Fig. 4). In minerotrophic peat, there
zone E, the dominance oAmphitrema wrightianunmand  are thus processes affecting the REE distribution. Since the
Hyalosphenia subflavia obvious; this could be due to higher Eu anomaly is characteristic of plagioclase minerals (e.qg.
amplitude fluctuations of the water table during the Latepan-African rocks, Cottin et al.,, 1998), this anomaly in
Holocene. the Misten bog can be explained by the contribution of
weathered plagioclase material from local rocks. Indeed, the
Stavelot Massif lithology, i.e. the geological bedrock, con-
sists of metamorphic rocks, mainly quartzites and phyllites
rich in quartz and plagioclase (Ferket et al., 1998).

4 Discussion

4.1 REE distribution pattern

. . . _ 4.2 Dust source
The REE variations in the Misten peat core, normalised to

the mean upper continental crust values (UCC), are preThe parallel trends between REE profiles and conser-
sented in three groups (Fig. 7) according to the peat corgative elements such as Al, Ti and Zra(y rRee=0.8,
stratigraphy and characteristics (ombrotrophic, transition,rTi’ZREE:o_a rzry ree=0.8) (e.g. Aubert et al., 2006;
minerotrophic). Shotyk et al., 1998, 2001) (Fig. 4) attest that the REE are im-
The Misten peat bog has an overall relatively homoge-mobile in ombrotrophic peatland, and therefore their concen-
neous REBcc composition (Fig. 7). The RElecc pattern  trations are controlled by atmospheric regional and/or local
of the three groups shows rather flat spectra with a slighideposition (Aubert et al., 2006; Kylander et al., 2007; Shotyk
MREEucc enrichment (Sm, Eu and Gd) with positive Eu et al., 1998, 2001). It also shows that REE are not affected
anomalies. Both local (Belgian slate and shale) and dishy diagenetic processes. This observation confirms that the

tal (Saharan aerosol) sources of REE are characterised tmospheric REE pattern is preserved in the Misten bog.
a flat pattern (Fig. 7). However, The RE&: pattern in

the third group (minerotrophic section) is higher than that

Clim. Past, 9, 22852298 2013 www.clim-past.net/9/2285/2013/
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Fig. 5. Dust flux given in units of gm2yr—1 calculated for Ti,
Fig. 3. Profiles of bulk density (gcm®), ash content (%), humi- Zr, Al and Y REE. Grey lines correspond to Ti, Zr, Al abdREE
fication (%) andsNd. Light-brown areas correspond to the om- concentrations. The yellow area corresponds to the ombrotrophic
brotrophic peatland, and dark-brown bar to minerotrophic peat ag)eatland, and the brown area to minerotrophic peat.
defined by using Ca/Mg ratios, Sr concentration and testate amoe-

bae assemblages.

Calendar age cal.BP (yr) In general, dust, through its REE abundances and its Nd

oo LTt T T T T T isotopic signature, keeps a fingerprint of its original sources
: Minerotrophic . .

Ombrotrophic peat peat” (e.g. Abouchami et al. 1999; Akagi et al., 2002; Aubert et

3
8
8

M/WWW al., 2006; Krachler et al., 2003; Shotyk et al., 2001; Yliruka-
nen and Lehto, 1995). The origin of the Misten dust can be
WMVMWWM identified by the sample distribution as shown in diagrams
such ascNd vs. Sm/Nd and La/Sm vs. La/Yb (Fig. 8a, b).
A A A : The ¢Nd exhibits a large range, from13 to —5, emphasis-
Y, “ . ”W ing the involvement of contrasting sources during the mid- to
A A AL late Holocene. The diagraeNd vs.14’SmA*Nd (Fig. 8a)

VW A PPV e NN shows that the most of the Misten peat samples have an
£ VY VW\NV\NW“ by VINMA N

3
8

Log [Sc,Ti, Al, Zr, REE]

o
o

isotopic composition that overlaps that of Saharan aerosols
v | e RIS T R ‘ | (eNd varies between-15 and—11, Abouchami et al., 1999)
and that of European loesdNd between-12 and—8, Gallet
Depth (cm) etal., 1998). This suggests a relatively constant input of both

Fig. 4. Concentrations of Ti, Al, Sc, Zr and REE for the MIS-08- components throughout the mid- to late Holocene. However,

01b core. The yellow area corresponds to ombrotrophic peatlandiN® minerotrophic samples hawdNd values (from—9 to

the brown area to minerotrophic peat as defined by using Ca/Mg—5) slightly less negative than those from the ombrotrophic

ratios, Sr concentration and testate amoebae assemblages. peatland samples, suggesting an increased input from local
sources relative to other inputs (e.g. shale, slate) between

7300 and 6650 cal BP (Fig. 8a). This is in agreement with
the fact that minerotrophic peat could receive lateral inputs.
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Fig. 7. REE average normalised to upper continental crust (UCC,
Taylor and McLennan, 1985) and compared to those obtained from
the western Sahara (Moreno et al., 2006), German snow profile
(Black Forest, Aubert et al., 2006) and Belgian slate (Linnemann
c etal., 2012), Belgian shales (André et al., 1986), as well as to those
obtained from plagioclase minerals collected in pan-African rocks
(Laouni area, Cottin et al., 1998). The first group represents the
mean RElgcc values of the Misten ombrotrophic section that oc-
curs from 135 to 550 cm (between 5550 cal BP and 2000 cal BP).
The second group shows the transition zone from ombrotrophic to
minerotrophic peat, from 550 to 680 cm (between 6650 and 5550
calBP), and the third group represents the mean [RicEvalues

of the minerotrophic section occurs from 680 to 750 cm (between
7300 and 6650 cal BP).

ars BP (mode)

Depth (cm)

Calibrated ye

6000

7500

haran aerosol). The minerotrophic peat samples (6700-7300
cal BP) are plotted between the La/Sm and La/Yb field de-
Fig. 6. Synthesised diagrams of dominant testate amoebae asserfined for local sources (low in La/Sm and La/Yb ratios,
blages (%) results from MIS-08-01b core. Fig. 8b). This is in agreement with the findings based on the
¢Nd (see above).

20 40 60 80 20 40 60 80 20 40 20 40 60

The erosion of rocks present in the Cambrian and SilurianA"3 Evolution of dl.JSt depo.smon during the mid- and
late Holocene in the Misten peat core

formations in Belgium (Linnemann et al., 2012), with spe-

cific eNd vs1#/Sm/%/Nd signature, influences the Nd iso- deposition in the Misten peat record displays signif-
topic compositions of the peat, as showed by the less negant variability during the mid- and late Holocene, with
ative eNd values (-8 to —5, Table 1). The abrupt changes o maxima observed from 5150 to 4750 cal BP and from
in eNd at ~6750calBP (2 points witleNd around —6) 2750 to 2550 cal BP (Fig. 9). The highest rates of atmo-
anq~ 5050 ca] BP {Nd around-5.5) can be due to mant'le- spheric dust deposition in Misten peat correspond to cold pe-
derlved material such as Iong-range-transported volcanic Ma&i0ds (Fig. 10), as defined in Wanner et al. (2011). Since the
terial. The chronology of these points (6880 and 6785 cal BP)y, ¢ qeposition seems to respond to regional climate change,
corresponds to the well-known p tephra named Lairg A andgqer neriods should be linked to increased regional sources.
Lairg B respectively dated between 6913 (69746852 cal BPyys intend to check the climate imprint in the Misten record
and 6684 BP (6742-6627 cql BP) (Lawson etal., 2012). Thq}uring mid- and late Holocene and especially for the two
chronology of the second point (5150 cal BP) does not corre ot enriched intervals. We integrate dust flux and Nd iso-
spond to that of a well-known tephra layer. The local sourcey, e tg track the climate influence in the Misten peat core.
(Belgian metamorphic rocks, rich in plagioclase) and po-\ye igentify the dominant natural atmospheric supplies by
tential other sources (European loess, Saharan aerosol arﬂging Nd isotope composition, and interpret the changes of
Icelandic.volcanism) are plott.ed in a La/Sm vs. La/Yb di- sources as local or global environmental changes. N
agram (Fig. 8b). The distribution of the ombrotrophic peat- variability is further compared with the testate amoebae as-

land samples (2000-6650 cal BP) suggests a mixing betweege miages and the humification degree to evaluate the local
the local sources (quartzite and phyllade rocks rich in pla-q|ative humidity conditions.

gioclase) and the regional sources (European loess and Sa-
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o o & Fig. 9. Comparison of the Misten proxies (dust flutid, humifi-

cation and testate amoebae). The testate amoebae were classified
according to their affinity with wet conditions. The three dark-
blue bars show the cold events according to Wanner et al. (2011)

%n ' and the three light-blue bars show the uncertainty in the length of
o * . cold events. The Saharan desertification model is from Claussen et
. st al. (1999).
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Fig. 8. (@)eNd vs.147SmA44Nd diagram for Misten peat samples.
(b) La/Yb vs. La/Sm diagram for Misten peat samples. Belgian
shale data from André et al. (1986), Belgian slate data recorded
from Brabant Massif (Linnemann et al., 2012), Saharan aerosol
data from Abouchami et al. (1999), Variscan crust (EVC), Pan-
African crust of northwestern Europe (EPC) and of the Scandina-
vian shield (SPC) from Fagel et al. (1999), Iceland arc from Hand-
ley et al. (2011) and European loess from Gallet el al. (1998).

1. The period between 7300 and 6000 cal BP corresponds
to the warmest period of the Holocene in Greenland
(Jonhsen et al., 2001). Peat growth at the Misten site 2.
starts at~ 7300 cal BP, and becomes ombrotrophic
from 6700 cal BP. The minerotrophic section (7300—
6700 cal BP) is characterised by a low dust flux (aver-
ages of 0.3gm?yr—1, Fig. 9). This interval is char-
acterised by wet local conditions attested by the high
wet testate amoebae abundance (meat® %), and
relatively low humification degree (44-52%). Simi-
larly, pollen data from the Hautes-Fagnes Plateau show
that the studied area was at that time covered by dense
mixed mesophilous woodlands (mainly oaks, associ-
ated with elms and lime trees) which were growing up
to the edge of and even on peatlands (hazels, alders,
ashes and birches), pointing to a wet and warm climate
(Damblon, 1994).

From 6700 to 6000 cal BP, the dust flux and humi-
fication stayed relatively constant, with averages of

www.clim-past.net/9/2285/2013/

0.3gm2yr~1 and 50 % respectively (Fig. 9). The de-
crease in percentages of wet testate amoebae to 27 %
occurrence and the better representation of heathlands
in pollen diagrams from the area (Damblon, 1994)
show slightly drier local environments. For this inter-
val there is no significant change in the dust flux inten-
sity but the relatively dry conditions promote the ero-
sion of local soils confirmed by theNd values 10

to —9). Between 8000 and 5500 cal BP, Saharan arid-
ification increased when Saharan vegetation cover de-
creased from 0.9 to 0% and the terrigenous material
increased from 40 to 52 % (Fig. 9, Bout-Roumazeilles
et al., 2013; Claussen et al., 1999; DeMenocal et al.,
2000).

The period from 6000 to 2800 cal BP, the Misten dust
flux increases compared to the mean value in the pre-
vious interval (from 7330 to 6000 cal BP), with pro-
nounced increases during two intervals, from 5150 to
4700 cal BP and from 2750 to 2550 cal BP.

At 4700 calBP, the dust flux reaches values of
2.4gm2yr1, This interval is characterised by wet
local conditions underlined by the high wet testate
amoebae content (mean60 %) and the low humi-
fication degree (mear 46 %), indicating wet condi-
tions. The humid conditions are in agreement with the
vegetal cover changes of the Hautes-Fagnes Plateau
deduced from palynology (increase in oak and beech
species, local increase in hygrophilous and aquatic
pollen taxa, Damblon, 1994) and with a positive hu-
midity anomaly at the scale of the Northern Hemi-
sphere between 4800 and 4600 cal BP as described in

Clim. Past, 9, 2288298 2013
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Dust flux (g m? y)

Dust concentration (103 ug Kg-1)

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 The humification degree decreases to 42% and

wet testate amoebae occurrence declines- 20 %
(Fig. 9). The regional pollen data indicate a strong ex-

Switzerland (peat core)

1 pansion of beech forests at the expense of the mixed

oak woodlands, whereas alders and birches developed
again near and on wetlands. These changes point not

y only to a climatic deterioration with cold and dry con-

ditions but also to soil degradation (Damblon, 1994),

o i and coincide with a cold event identified by Wan-

Belgium (peat core)

2 e ner et al. (2011) between 3300 and 2500 cal BP. The
‘ eNd displays highly negative values, reflecting an in-
L creased supply from Saharan sources. According to
A7 the pollen, anthropogenic activities appeared in the
- Hautes-Fagnes Plateau around 3500 BP, but they re-
mained low and did not seem to have affected local

Canada (ice core,P95)
MMMMMM ecological evolution (Damblon, 1994).

3. Between 2550 and 2000 calBP the dust flux dis-
———— e plays high values (averages of 0.6 gfiyr—1). At the

Dust flux (g m2 y)

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 same time, a low humification degree (35 %) is con-

Calendar age BP (yr) sistent with cold and dry conditions and an intensifi-
cation of human impact is recorded in the pollen di-

Fig. 10. Comparison of the dust flux measured in the Misten bog agrams of the Hautes-Fagnes area (Damblon, 1994).

(black line, this study) with the dust flux (g™ yr—1) obtained
from a Swiss peat core (green line, Le Roux et al.,, 2012) and
with the dust concentration (i@lg kg~1) measured in a Canadian
ice core from Zdanowicz et al. (2000). The three dark-blue bars
show the cold events described in Wanner et al. (2011). Brown tri-
angles represent the volcanic events. Black arrows underline the
minerotrophic peat sections. 4.4 Comparison of dust deposition records from peat

cultivation activities).

This period is therefore most probably characterised
by the influence of human activities related to land use
change (regional erosion due to forest clearing and soil

bogs and ice cores

Wanner et al. (2011). The higher flux values indicate We compare the Misten dust record with another European
more distal suppliese(Nd values vary from—9.7 to peat bog in Switzerland (Le Roux et al., 2012) and with

—11.2, except for one sample withld = —5 suggest-  an ice core collected from Canada (Zdanowicz et al., 2000)
ing a volcanic or local source), the local erosion being (Fig. 10). Both dust depositions, recorded in the Misten peat
reduced by the wetter soil conditions, as underlined byand in the Canadian ice core, reach their maxima from 5500
a decrease of the humification degree plus a change iito 4800 cal BP and from 2700 to 2200 cal BP (Fig. 10). Dur-

the wet testate amoebae content. ing the interval spanning the cold stages defined by Wanner
. et al. (2011), the dust fluxes are 2 to 20 times higher than the
Between 4500 and 4000 cal BP, the dust flux Increase%edimentary background. These two archives (peat and ice

—2\r—1 ;

goeﬁgriluc?:clrgar:e (;:‘rwe?tt:itg?ecgﬁjegg.tg)-Z-Cl)_r;/i 0Cciores) shqw, however, significant differences in the timing
: . and magnitude of reconstructed dust.

currer;ce ano_l th_e Increase of the humlflcatlon degfee The dust flux record reconstructed from the Misten peat

.to 52 % both mcﬁcate a drier local enV|r0nmer_1t. In this core is comparable to results obtained from the Swiss peat

mtervalaNdvanes betweer 9 qnd—ll, rgflectlng lo- bogs although resolution of dust measurement was different.

cal and regional sources. The increase in dust flux ma

n the latter, Le Roux et al. (2012) showed that the dust flux
relate to the important local erosion. By using Spanish. ' ( )

. . in the ombrotrophic peatland at Etang de la Gruére varies
tsr? el_e<t)then|1?, Mazt(')%'g ?'Vgggoet aII.B(PZ(_)ll) show thaty . yeen 0.1 and 5gmyr-1 from 8000 to 2000 cal BP.
ne interval from 0 ca IS @ Warm Pe- rpq qyst flux measured in Misten peat varies within a sim-
riod punctuated by cold events. The glaciers retreat in

; -1
Europe from 4200 to 3800 cal BP (Mayewski et al. ilar range, from 0.1 to 4.5gnfyr—1 from 7300 to 2000

L cal BP (Fig. 10). The dust fluxes in both peat cores were at
2.004)’ anq the lake-level minima (Magny, 2004) con- a minimum « 1 gm2yr-1) from 7500 to 5500 cal BP, ex-
firm a dry interval.

cept at 6000 cal BP, when dust fluxes measured in the Swiss
Between 3200 and 2500 cal BP, the dust flux increasegeat reached 2.5gmMyr—1, corresponding to an unknown
and reaches the maximum core value (4.3d¢yn1). event. At Etang de la Gruére the dust deposition increased
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significantly between 5500 and 3200 cal BP and the maxi-ran) and regional (European loess) particles, local aerosols
mum occurred at 3300 cal BP, as shown in Fig. 10 (Le Rouxand distal volcanic particles from Iceland. After 6000 cal BP,
et al., 2012). These changes were linked to forest clearingources were restricted to Saharan and European aerosols,
and the beginning of plant cultivation (Shotyk et al., 2002). corresponding to a change to locally wetter conditions. The
The significant increase in dust flux in the Swiss peat af-average dust flux of 0.5gM yr~! reached values as high
ter 6000 cal BP is in agreement with the timing of Saha-as 2gm?2yr—! between 5150 and 4750 cal BP and around
ran expansion, between 8000 and 5500 cal BP, as supporte2¥50 cal BP. Comparison between the Misten record and
by palaeoenvironmental data from the West African Atlantic a peat record from Switzerland shows that anthropogenic
coast (Claussen et al., 1999; deMenocal et al., 2000). Durperturbation of the dust cycle occurred earlier in Switzer-
ing that period, Saharan aridification increased when Saharaland than in the more hostile environment of the Plateau des
vegetation cover decreased from 0.9 to 0% and the terrigeHautes-Fagnes, where the Misten bog is located.
nous material increased from 40 to 52 % (Fig. 9).

In the Misten peat, dust fluxes oscillate between 5500
and 3200 cal BP and reaches a maximum (2-576]7"‘71) AcknowledgementsThis study was fuqded by the Walloon Region
at 5000 cal BP. Its timing corresponds to a cold event de-andthe FNRS. M.Allan_ received funding throughaP_hD grant from
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ranges between 2 and. 3ghRyr—1, up to 5x higher than Edited by: Y. Godderis
that measured in the Misten peat core (dust flux ranges from
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