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Introduction
The ‘European Coversand Sheet’ is a discontinuous ‘sheet’ of aeolian
(windblown) loess and coversand that extends through eastern and
southern England, across the English Channel into northern France,
Belgium and the Netherlands (Kasse, 1997; Antoine et al., 2003). Whilst
some of the earlier aeolian sediments date from the Middle
Pleistocene, most correspond to the Late Pleistocene Weichselian /
Devensian and earliest Holocene stages. East Anglia contains
considerable accumulations of aeolian sediment. Although several
valuable studies have attempted to determine the spatial extent of
aeolian material (e.g. Catt, 1977, 1985), defining their margins has
proved largely difficult because aeolian material is highly susceptible to
reworking and removal by various natural and anthropogenic agents.
Within this study, we use regional-scale geochemical data from
soils to reconstruct the extent of aeolian sediments in East Anglia. A
specific geochemical signature, defined by elevated concentrations of
Hafnium (Hf) and Zirconium (Zr), is strongly characteristic of soils
developed on aeolian deposits within the United States, China, Europe
and New Zealand (Taylor et al.,, 1983). The data suggests that the
approach is sufficiently sensitive to identify a residual aeolian
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component within soils even where deposits may be thin and un-
mappable by conventional methods, or if the material has been largely
eroded.

Extent of aeolian deposits in East Anglia

During the Late Pleistocene glacial period, East Anglia lay largely beyond
the southern limit of the British Ice Sheet, with ice impinging on the
north Norfolk coast between Cley and the eastern fringes of the Wash
Basin (Straw, 1960; Brand et al., 2002; Riding et al., 2003; Pawley et al.,
2006). Although much of East Anglia wasn’t glaciated, it was subjected
to intense periglacial processes that resulted in the localised generation
of patterned ground and other periglacial phenomena such as pingos
and palsa (West et al.,, 1974; French, 1996; Murton, 2009; British
Geological Survey, 2010).

Aeolian sediments were also deposited across parts of East
Anglia and these form accumulations of loess, coversand and drift sands
with related dune systems (Chorley et al., 1966; Bateman, 1995; Hoare
et al., 2002) (Figure 1). The distribution of these aeolian deposits in
East Anglia, determined from detailed examinations of particle size and
mineralogical properties of soils, was previously defined by Perrin et al.
(1974) and Catt (1977, 1985) and placed into a European context by
Antoine et al. (2003). Loess material consists mostly of silt size particles
and requires a sustained source, adequate wind energy to transport the
material and a suitable accumulation site (Pye, 1995). According to
previous work, it is distributed across northeast and east Norfolk, and
southern Suffolk and Essex where it is typically less than 2 metres thick.
Coversand by contrast, is composed of fine sand grade material and is
distributed across the Breckland of west Norfolk (Figure 1) and the
eastern part of the Fen Basin (Bateman, 1995). Radiometric age
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determinations demonstrate several distinctive phases of coversand
accretion and dune mobility spanning the Devensian and Holocene
periods (Bateman and Godby, 2004; Clarke et al., 2002; Hoare et al.,
2002; Hitchens, 2009).
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Figure 1: Location map of the study area indicating G-BASE soil sample sites and the
extent of loess and coversand deposits based on Catt (1977, 1985) and Antoine et al.
(2003).
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Soil Geochemical data
Sampling and analysis

In this study we examine soil geochemical baseline data from East
Anglia. These data were generated as part of the British Geological
Survey’s Geochemical Baseline Survey of the Environment (G-BASE)
between 2000 and 2004. In this study we used geochemical data from
5745 topsoil samples, which cover an area of some 11,000 km? (Figure
1) at 2 km® resolution (Johnson et al., 2005). Two samples were
collected from each site representing topsoil (5-20 cm depth) and
profile soil (35-50 cm depth).

Each sample comprises of a composite of five sub-samples
collected at the corners and centre of a 20 m square. Samples were
collected using a hand held Dutch soil auger. Within the laboratories,
soil samples were dried and sieved to < 2 mm, sub-sampled and
pulverised in agate ball mills, then pelletised. Major and trace elements
were determined by dispersive wavelength (WD) and energy dispersive
(ED) X-ray fluorescence spectrometry (XRFS) for up to 53 major and
trace elements. Duplicate and replicate samples and primary and
secondary reference materials were all included in every batch of 100
samples submitted for analysis. These control samples are required to
assess the data quality, in particular precision and accuracy of the data.
Analytical data underwent a series of data conditioning procedures
involving levelling data between analytical batches to ensure seamless
geochemical maps (Johnson et al., 2008).

Geochemistry of Hafnium (Hf) and Zirconium (Zr)
Hafnium, atomic number 72, has six naturally-occurring stable isotopes,
of which *’Hf, *®Hf and '®°Hf, are the most abundant and with *°Hf



accounting for 35% of the mass. It is a fairly low-abundance lithophile
metal, present at a concentration of about 5.8 mg/kg in the upper
continental crust and is the third-row equivalent of Zr in the Periodic
Table. Since it possesses similar properties of ionic radius and oxidation
state, its behaviour is almost identical, although it is less naturally
abundant. Consequently Hf occurs in the same minerals as Zr. The Hf:Zr
ratio is usually around 2 %.

Zirconium, atomic number 40, has one main oxidation state and
five naturally occurring stable isotopes, 0zr, *zr, 2zr, **zr and *°zr, of
which *°Zr makes up 51.5% of the total mass. It is a relatively abundant
trace lithophile element (mean value of 165 mg/kg in the upper
continental crust), which forms several typical minerals including the
common zircon (ZrSiO4) and rarer baddeleyite (ZrO,). The zr* ion is
incompatible with most common rock-forming silicate mineral lattices,
and it is therefore strongly partitioned into zircon and other accessory
minerals such as sphene. In sedimentary lithologies, the abundance of
Zr largely depends on the presence of residual detrital heavy minerals
such as zircon and sphene. At the Earth’s surface, Zr displays very low
mobility under most conditions, mainly due to the very high stability of
the principal host mineral zircon and the low solubility of the hydrate
Zr(OH)4. Due to the extremely resistant nature of zircon, mineral grains
may be preserved through several geological cycles of mountain
building and erosion over hundreds of millions of years. Zircon is a
common heavy mineral constituent of various Quaternary marine,
fluvial and glacial sediments in East Anglia (Madgett and Catt, 1978;
Perrin et al., 1979; Lee et al., 2006; Lee, 2009).

Results

Descriptive statistics of the soil geochemical data for Hf and Zr are given
in Table 1. Both are non-normally distributed and are slightly positively
skewed. Scatter plot in Figure 2 shows that Hf and Zr are strongly
correlated with a positive Spearman correlation factor of 0.92. This is
also reflected by the Kolmogorov-Smirnov normality test results of
0.075 (Hf) and 0.079 (Zr). Calculated Hf:Zr ratios, shown in histogram of
Figure 2, are all very close to the median of 2.6 %.

Hf Zr
Min 0.5 1.0
Max 31.5 1076
Mean 6.9 261
Median 6.7 256
Standard Deviation 2.6 95
Skewness 1.19 1.08
p value < 0.005 < 0.005

Table 1: Descriptive statistics of Hf and Zr for 5745 topsoil samples; concentrations in
mg/kg.

Further to the statistical presentation of the data, which showed
that Hf and Zr concentrations are significantly correlated, maps were
generated to determine if elements show a similar spatial distribution
(Figures 3 and 4). Geochemical maps were compiled using the Inverse
Distance Weighting (IDW) methodology with a search radius of 1500 m
and cell size of 500 m.
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Figure 2: Scatter plot of Hf and Zr (concentrations in mg/kg) and histogram of Hf/Zr
ratios (median 0.026).

Concentration ranges have been classified using the 25th, 50th,
75th, 90th percentile classes. Soil samples, for which concentrations are
greater than the 90" percentile class (Hf > 9.8 mg/kg and Zr > 370
mg/kg) were reported in several areas: (1) northeast Norfolk extending
southwards to Lowestoft; (2) south Suffolk and Essex; (3) the Breckland
and eastern Fen and Wash margin. The white blank area, seen in Figure
3 and 4, in the centre of the Breckland near Thetford is a Ministry of
Defence (MOD) military training area where sampling was not possible
due to the presence of live ordnance.

10 Kilometers ~

Coastline derived from OS topography @ Crown Copyright. All rights reserved. BGS 100017897/2009

Figure 3: Interpolated map of Hf in topsoils (5-20cm); Concentration ranges are based
on the 25th, 50th, 75th, 90th percentile classes
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Figure 4: Interpolated map of Zr in topsoils (5-20cm); Concentration ranges are based
on the 25th, 50th, 75th, 90th percentile classes.

Discussion

Depositional indicator

Taylor et al. (1983) have already shown that concentrations of Hf and Zr
are elevated in aeolian deposits such as loess and coversand deposits,
and hence are good geochemical indicator elements for these deposits.
Our geochemical soil data supports this. The enrichment of Zr and Hf in
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the silty to sandy fraction of aeolian sediments is due primarily to two
factors, the resistant nature and the high density (4.6-4.7) of zircon
mineral grains. Such minerals can withstand chemical and physical
weathering over long geological periods and their density leads to
preferential accumulation during wind-related sorting processes.

The geochemical distribution of Hf and Zr are almost identical
due to their similar chemical properties and behaviour. The distribution
patterns of elevated levels of both elements in soils show significant
correlation with the outline of the aeolian sediments identified by Catt
(1977, 1985) and Antoine et al. (2003) (Figure 1). This paper therefore
supports earlier work that highlight Hf and Zr as good indicators of
aeolian sedimentation.

Mapping the extent of aeolian sedimentation

The distribution of elevated levels of Hf and Zr shows a strong similarity
to the distribution of aeolian deposits as stated previously. However,
several additional areas with elevated concentrations of Hf and Zr are
evident. They include the Hunstanton area of northwest Norfolk where
coversand has recently been recognised (Hitchens, 2009), and the
region around Lowestoft where blown sand was identified by a recent
geological mapping survey (Moorlock et al., 2000). Furthermore, spatial
plots of Hf and Zr also reveal moderate concentrations within the
northern part of the Fens and elsewhere across much of East Anglia
where aeolian deposits have not previously been mapped.

Comparison of the G-BASE data with the regional topography
and point auger-hole data collected as part of the Thetford geological
survey (British Geological Survey, 2010) demonstrates that moderate to
low concentrations of Hf and Zr are often present at localities where
aeolian deposits are either very thin (<0.3m) or apparently absent. It



suggests that Hf and Zr have strong residual signals and that they may
be present in these moderate concentrations in certain geological
situations where: (a) only thin accumulations of aeolian sediment were
ever deposited; (b) or thicker aeolian sequences have been markedly
eroded by various physical and anthropogenic processes. Areas of low
Hf and Zr concentrations by contrast, correspond to areas of geology
dominated by modern alluviums and peats. These are confined to the
lower reaches of modern river systems, wetland and marshland areas:
(a) the Norfolk Broads and the lower sectors of the Wensum and
Waveney rivers; (b) eastern Suffolk from Southwold southeastwards to
the River Orwell near Ipswich; (c) eastern Fen Basin.

Taken at face value, the geochemical evidence demonstrates an
aeolian sediment signal within soils across much of East Anglia.
Furthermore, that the whole region was probably covered by an aeolian
sediment veneer of variable thickness during the Devensian and early
Holocene as suggested originally by Catt (1977). The precise number of
depositional events plus the provenance of the aeolian material still
remains unresolved. Equally unclear is precisely how much aeolian
sediment has been removed by deflation, slope processes and rivers
since it was deposited. However, the small Hf and Zr content within
modern floodplains of rivers, wetland and marsh areas suggests a stable
contemporary landscape with only minor (localised) reworking of
aeolian sediment.

Conclusions

Based on results presented here, we demonstrate that regional-scale
baseline soil geochemical data for Hf and Zr can be used to identify the
distribution of aeolian sediments across East Anglia. Application of this
technique demonstrates that the distribution of aeolian material across
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the region is much more extensive than previously considered and that
during the Late Devensian and early Holocene, aeolian material was
probably deposited across the whole region. This approach has the
potential to develop generalised palaeoenvironmental maps showing
the distribution of aeolian sediments and the authors are currently
applying the technique to soil samples from the Vale of York and
continental Europe.

Acknowledgments

The authors acknowledge the efforts of all student samplers and BGS
staff involved in G-BASE sampling campaigns, sample preparation,
analysis and data processing. Mark Bateman, Stephen Hitchens and
Andy Tye are thanked for their helpful discussions and advice, whilst the
constructive reviews of Steve Godby and Ruth Robinson are
acknowledged. This paper is published with the permission of the
Director of the British Geological Survey (NERC).

References

Antoine, P., Catt, J.A., Lautridou, J-P. and Sommeé, J. 2003. The loess and
coversands of northern France and southern England. Journal of
Quaternary Science, 18, 309-318.

Bateman, M.D. 1995. Thermoluminescence dating of the British
coversand deposits. Quaternary Science Reviews, 14, 791-798.

Bateman, M.D. and Godby, S.P. 2004. Late-Holocene inland dune
activity in the UK: a case study from Breckland, East Anglia. The
Holocene, 14, 579-588.



Brand, D., Booth, S.J. and Rose, J. 2002. Late Devensian glaciation, ice-
dammed lake and river diversion, Stiffkey, north Norfolk, England.
Proceedings of the Yorkshire Geological Society, 54, 35-46.

British Geological Survey. 2010. Thetford. England and Wales Sheet 174.

Bedrock and Superficial Deposits. 1:50,000. Keyworth, Nottingham,
British Geological Survey, in press.

Catt J.LA. 1977. The contribution of loess to soils in lowland Britain. In:
Limbrey, S. and Evans, J.G. (eds.). The Effect of Man on the Landscape:
the Lowland Zone, Research Report 21. Council for British Archaeology,
Oxford, 12-20.

Catt J.A. 1985. Soil particle size distribution and mineralogy as
indicators of pedogenic and geomorphic history: examples from the
loessial soils of England and Wales. In: Richard, K.S. and Arnet, R.R. and
Ellis, S. (eds.). Geomorphology and Soils. G. Allen and Unwin, London,
202-218.

Chorley, R.J., Stoddart, D.R., Haggett, P. and Slaymaker, H.O. 1966.
Regional and local components in the areal distribution of surface sand

facies in the Breckland, Eastern England. Journal of sedimentary
petrology, 36, 209-220.

Clarke, M.L., Rendell, H.M., Hoare, P.G., Godby, S.P. and Stevenson, C.R.

2002. The timing of coversand deposition in northwest Norfolk, UK: a
cautionary tale. Quaternary Science Reviews, 20, 705-714.

French, H.M. 1996. The Periglacial Environment. Longman, Harlow.

Hitchens, S. 2009. Investigation of Late Pleistocene relict periglacial
ground and aeolian sands in East Anglia, UK. Quaternary Newsletter,
119, 54-58.

7

Hoare, P.G., Stevenson, C.R. and Godby, S.P. 2002. Sand sheets and
ventifacts: the legacy of aeolian action in west Norfolk, UK. Proceedings
of the Geologists’ Association, 113, 301-317.

Johnson, C.C. 2005. 2005 G-BASE Field Procedures Manual. British
Geological Survey, Keyworth, UK. BGS Internal Report Number
IR/05/097.

Johnson, C.C,, Breward, N., Ander, E.L. and Ault, L. 2005. G-BASE:
Baseline geochemical mapping of Great Britain and Northern Ireland.
Geochemistry: Exploration, Environment, Analysis, 5(4), 347-357.

Johnson, C.C., Ander, E.L., Lister, T.R. and Flight, D.M.A. 2008. Data
conditioning of environmental geochemical data: quality control
procedures used in the British Geological Survey's Regional
Geochemical Mapping Project. 93-118 In: Environmental Geochemistry:
Site characterisation, data analysis and case histories. De Vivo, B.,
Belkin, H.E. and Lima, A. (editors). Oxford: Elsevier.

Kasse, C. 1997. Cold-climate aeolian sand-sheet formation in north-
western Europe (c.14-12.4 ka): a response to permafrost degradation
and increased aridity. Permafrost and Periglacial Processes, 8, 295-311.

Lee, J.R. 2009. Patterns of preglacial sedimentation and glaciotectonic
deformation within early Middle Pleistocene sediments at Sidestrand,
north Norfolk, UK. Proceedings of the Geologists’ Association, 120, 34-
48.

Lee, J.R., Rose, J., Candy, I. and Barendregt, R.W. 2006. Sea-level
changes, river activity, soil development and glaciation around the
western margins of the southern North Sea Basin during the Early and
early Middle Pleistocene: evidence from Pakefield, Suffolk, UK. Journal
of Quaternary Science 21, 155-179.



Madgett, P.A. and Catt, J.A. 1978. Petrography, stratigraphy and Straw, A. 1960. The limit of the ‘Last’ Glaciation in North Norfolk.
weathering of Late Pleistocene tills in East Yorkshire, Lincolnshire and Proceedings of the Geologists’ Association, 71, 379-390.

north Norfolk. Proceedings of the Yorkshire Geological Society, 42, 55- Taylor, S.R., McLennan, S.M. and McCulloch, M.T. 1983. Geochemistry
108. . s
of loess, continental crustal composition and crustal model ages.
Moorlock, B.S.P., Hamblin, R.J.O., Booth, S.J. and Morigi, A.N. 2000. Geochimica et Cosmochimica Acta, 47, 1897-1905.
f_e%’%gy Oéc thf C‘_’“’I’" r): ar 0“{’;’ LO"‘(’fitO{ t é’”dl Sagm“gc\’/cal’”' M:ICI‘O" for West, R.G., Dickson, C.A., Catt, J.A., Weir, A.H. and Sparks, B.W. 1974.
L.Sci 00 Geological Sheets 176 and 191 {England an ales), 50, Late Pleistocene deposits at Wretton, Norfolk Il. Devensian deposits.
ondon. Philosophical Transactions of the Royal Society of London, B267, 337-

Murton, D. 2009. British Permafrost and Periglacial Association field 420.
meeting, Breckland, East Anglia. Quaternary Newsletter, 118, 15-19.

Pawley, S.M., Candy, |. and Booth, S.J. 2006. The Late Devensian Andreas Scheib and Jonathan Lee
terminal moraine ridge at Garret Hill, Stiffkey Valley, north Norfolk, British Geological Survey
England. Proceedings of the Yorkshire Geological Society, 56, 31-39. Keyworth

Nottingham

Perrin, R.M.S., Davies, H. and Fysh, M.D. 1974. Distribution of Late

Pleistocene aeolian deposits in eastern and southern England. Nature, NG12 SGi

248, 320-324. . . v
Email: ascheib@bgs.ac.uk

Perrin, R.M.S., Rose, J., and Davies, H. 1979. The distribution, variation jrlee@bgs.ac.uk

and origins of pre-Devensian tills in eastern England. Philosophical
Transactions of the Royal Society of London, B287, 535-570.

Pye, K. 1995. The nature, origin and accumulation of loess. Quaternary
science Reviews, 14, 653-667.

Riding, J.B., Rose, J. and Booth, S.J. 2003. Allochthonous and indigenous
palynomorphs from the Devensian of the Warham Borehole, Stiffkey,
north Norfolk, England; evidence for sediment provenance. Proceedings
of the Yorkshire Geological Society, 54, 223-237.



