CHAPTER 5
REFINING OUR UNDERSTANDING OF THE INFLUENCE OF
SUPERFICIAL DEPOSITS ON LARGE-SCALE GEOGRAPHIC
BIOSPHERE 87Sr/86Sr VARIATION

E

vans et al. (2010b) provide the first coherent interpretive framework
within which national geographic variation in the isotope composition of

bioavailable strontium in the UK can be assessed. In this exercise the
authors used underlying solid geology to extrapolate the available proxy data
to areas of similar geology using the British Geological Survey’s 1:625000
base-map of bedrock geology (BGS 2008). The same approach to biosphere
characterisation is evaluated within this thesis, based on the prior assumption
that underlying geology drives a significant, systematic component of
geographic biosphere

87

Sr/86Sr variation. Although geological divisions of the

biosphere can be regarded as artificial constructs, underlying geology has a
strong influence on many inter-connected environmental factors, such as
topography, soil parent materials and surface hydrology. Thus, the geological
subdivision of the landscape is one of the most parsimonious methods of
simplification that can be employed to render biosphere 87Sr/86Sr maps.
As there is a limit to the smallest cartographic-unit that can be
illustrated at a given cartographic scale (Table 5.01, overleaf) various
compromises have to be made in order to generate intelligible and useful
geological maps. In most cases there is an inverse relationship between
spatial area covered by a map and the information that it contains. Maps
depicting large areas (small scale maps) usually show generalised
information, while those depicting small areas (large scale maps) show more
and finer detail. Within an area in which there is very little geological
variation, there may be little obvious difference between maps that are drawn
at different scales. However, within a highly variable area there may be
substantial differences in the way in which different groups of rocks are
classified at different scales. Biosphere characterisation studies are also
influenced by similar scale-dependent variables.
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Table 5.01: The effect of cartographic scale on map detail and information content.
Scale

ha/mm

Smallest unit
(ha)*

1:10000

0.010

0.090

1:50000

0.250

2.25

1:250000
1:625000

6.25

56.3

39.1

352

1:1000000

100

900

1:5000000

2500

22500

Type of map

Detail

Local

Fine

Regional

Intermediate

National

Broad

2

*Approximation, assuming a minimum area of 3 × 3 mm (9 mm ) can be illustrated.

Nationally, the British Isles are highly geologically variable, thus the
smallest scale geological maps tend to break the land-mass down into very
broad geographic units, which at larger scales encompass a range of
different lithologies. However, the Upper Chalk has a relatively shallow angle
of dip, and is comparatively lithologically homogeneous. Nonetheless, the
outcrop is extensive enough within the UK to incorporate a range of recent
superficial deposits, which originated under varying environmental conditions
during the Quaternary period. The studies that have contributed thus far to
the available biosphere

87

Sr/86Sr data-sets have been prompted by the

investigation of specific archaeological assemblages and have targeted driftfree areas to characterise the Chalk biosphere range (cf. Evans et al. 2010a).
This chapter attempts to assess the extent to which extensive, but
sometimes discontinuous superficial deposits effect our ability to extrapolate
an understanding of biosphere

87

Sr/86Sr variation developed from localised,

high density data-sets, to wider areas. The focus is on the Chalk because it
represents a spatially extensive and relatively well constrained geological
end-member.

5.1 The use of a low density survey to overcome the
geographic focus of detailed studies
Across

Europe,

various

mapping

projects

provide

national

geochemical data-sets derived from a wide range of sample media collected
at different densities, prepared and analysed using different methods. There
has been an increasing demand for this type of data, driven by international
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legislative requirements (see Chapter 2). However, it is recognised that lowresolution data are also needed to aid the interpretation of detailed national
data sets (Darnley et al. 1995). An analogous challenge is faced in
attempting to characterise biosphere

87

Sr/86Sr variation in the UK, in that

currently only locally resolved data are available. However, the high
resolution data presented in Chapter 4 suggest significant geographic
variation can take place at a local scale, and yet, this covers a range of
values that are widespread at a large geographic scale. Nonetheless, lowdensity sampling represents the only pragmatic way to assess regional
biosphere 87Sr/86Sr variation within the UK.
In 2008 the British Geological Survey undertook a national program of
environmental sampling that contributed to a pan-European project referred
to as ‘GEochemical Mapping of Agricultural and grazing land Soil of Europe’
(GEMAS). This is a low-density geochemical mapping exercise coordinated
by the EuroGeoSurvey’s Geochemistry Expert Group (EGS GEG). It is
primarily targeted at addressing legislative requirements related to the
introduction of the European Chemicals Regulation, REACH1 (Registration,
Evaluation and Authorisation of Chemicals) as well as the pending EU Soil
Protection Directive, which pertain to the assessment of soil quality in terms
productivity, food quality and its impacts on human health. The aims of the
GEMAS project focus on characterising the geochemical properties of
permanent grassland and arable soils used for food production. It is intended
to provide a consistent geochemical baseline that will allow detailed local
data to be tied into a continental-scale framework. By specifically targeting
these resources, the GEMAS project provided an opportunity to collect
vegetation samples from permanent grassland across the UK.

5.1.1 GEMAS sample site selection and field methodology
The GEMAS field methodology is fully documented in Geological
Survey of Norway (NGU) Report 2008.038 (EuroGeoSurveys 2008) and the
UK contribution is recorded in the BGS Internal Report IR/08/081 (Scheib,
2008). Soil samples were obtained from cultivated plough-soils and
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permanent

grassland

across

the

European

Union,

producing

two

complementary sample archives, each collected at a consistent density of
approximately one sample for every 2500 km2. The sampling programme
was designed to be flexible enough to allow known sources of contamination
to be avoided and for appropriate sampling locations to be identified even in
areas of low agricultural activity. The sample sites were positioned within
fields of at least 25 × 50 m, at a minimum distance of 200 m from railways or
major roads, and at least 100 m from high-power electricity cables. As far as
the landscape character allowed, localised topographic depressions and
steep hillsides were avoided.
Permanent grassland was defined as any agricultural plot with
undisturbed permanent vegetation that had not been ploughed within the last
ten years. Information on recent agricultural activity, and longer term land use
was obtained verbally from the land owner or tenant available locally when
consent was sought to gain access to the land. Within the UK the even
distribution of samples was achieved by using the Ordinance Survey British
National Grid (BNG) to define 138 50 x 50 km cells across England, Scotland
(including the Western and Northern Isles), Northern Ireland and Wales. Field
operatives were provided with a topographic map (OS 1:50000) of the centre
of each cell, and used the prescribed criteria to identify appropriate locations.
The central coordinates of each sample site were logged using hand-held
GPS. The British campaign commenced on May 30th 2008 and was
completed on October 17th 2008.
With the cooperation of the British Geological Survey (BGS) 138
Grass samples were also collected from the permanent grassland sites
identified as part of the GEMAS project within the UK. The samples collected
within each field were made up of five sub-samples taken from the corners
and centre of a 10 × 10 m square. These were combined to provide a
composite vegetation sample, generally comprising mixed grassland species
dominated by grasses. The vegetation was handled using disposable latex
examination gloves, packed loosely into Kraft paper bags and initially air
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dried. At the end of the fieldwork period the samples were vacuum dried in
bulk at ambient temperature for 48 hours while still within the original Kraft
bags. The bagged and dried samples were then transferred to zip-lock plastic
bags for storage. This archive provides an opportunity to compare direct
biosphere

87

Sr/86Sr measurements using samples collected within a limited

time-frame across a wide geographic area using a consistent methodology.
At a national scale, beyond the areas of the UK underlain by the
extrusive volcanic rocks of the British Tertiary Igneous Province (Preston
1982) and the Devonian lavas of the Scottish boarders (Elliot 1982), the
marine carbonates of the Cretaceous Chalk define the baseline of ambient
87

Sr/86Sr biosphere variation in England and Wales (Evans et al. 2010b). The

existence of a systematic contrast between the areas underlain by the Chalk
rocks and adjacent formations is significant to current interpretations of much
of the available human and faunal strontium isotope data from the region
(e.g. Viner et al. 2010 ; Chenery and Evans 2011).
In order to compare the ‘Chalk-biosphere’ and division of the
biosphere supported by rocks lying lower in the geological succession, the
GEMAS grass archive was re-sampled on the basis of underlying geology.
This provided one suite of samples collected from sites underlain by
Cretaceous rocks and one set underlain by Jurassic rocks (Figure 5.01,
overleaf). The Jurassic assemblage was selected from areas underlain by
formations associated with those above which G-BASE samples were
collected in 2007, the analyses of which are reported in Chapter 4. These
samples were analyses following the standard methods for grass outlined in
Chapter 3.
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Table 5.02: Results of 87Sr/86Sr analysis of GEMAS Grass samples.
System
Neogene

Cretaceous

Jurassic

Superficial

87

Sand, gravel
& clays

Glacial till

Chalk

Bedrock

86

Sr/ Sr

Sr (μg/g)

Sample ID

0.71008

10.6

GEMAS_081_Grass

Glacial till

0.71026

17.3

GEMAS_071_Grass

—

0.70748

15.6

GEMAS_063_Grass

—

0.70766

14.1

GEMAS_054_Grass

Glacial till

0.70776

15.2

GEMAS_068_Grass

River terrace

0.70811

10.3

GEMAS_056_Grass

River terrace

0.70848

Marine silt

0.70970

7.40
24.5

GEMAS_072_Grass
GEMAS_136_Grass

Mudstone

Glacial till

0.70835

9.05

GEMAS_080_Grass

Sandstone

Glacial till

0.70969

8.18

GEMAS_067_Grass

Limestone

—

0.70860

9.46

GEMAS_064_Grass

Mudstone

Windblown
sand

0.70884

—

0.70893

Glacial till

0.70997

Marine silt

0.70993

11.1
8.76
17.2
7.18

GEMAS_135_Grass
GEMAS_051_Grass
GEMAS_073_Grass
GEMAS_079_Grass

Samples have been classified using BGS 1:50000 geological maps [DiGMapGB-50]: ‘System’ indicates the age
of the underlying geological formation; ‘Bedrock’ indicates the underlying rock type at the sampling location;
‘Superficial’ identifies the nature of recent deposits mapped at each site.

5.1.3 Discussion
In Figure 5.02 (overleaf) the

87

Sr/86Sr values provided by the GEMAS

grass samples (Table 5.02) are plotted in relation to bedrock type, and
compared with published biosphere values obtained from samples
(vegetation only) collected in similar geological settings within the UK. These
data show a generalised upwards trend in biosphere

87

Sr/86Sr composition

related to rock type (Chalk ≈ Cretaceous mudstones < Jurassic mudstones <
sandstones), but with a high degree of scatter within each lithological class.
Consistent with previous data, the GEMAS samples collected above marine
silts provide relatively high

87

Sr/86Sr values. These have been plotted

separately, as the deposits above which the samples were collected
represent extensive layers of highly weathered sediments derived from a
mixture of sources, from which it is possible to infer some level of
disconnection from local, solid geology. However, there is no evidence of a
consistent influence form other superficial deposits, such as glacial till.
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Samples have been classified using BGS 1:50000 geological maps [DiGMapGB-50]. Dashed lines within
published data-sets (Evans and Tatham 2004 ; Chenery et al. 2010 ; Evans et al. 2010a ; Chenery et al. 2011)
represent median of combined published values. Marine carbonate refeference line passes aproximately
throught the middle of the Cretaceous and Jurassic–Cretaceous range (McArthur et al. 2001)

Figure 5.02: Individual value plot comparing low-density data from GEMAS (■) with
previously published low-density vegetation 87Sr/86Sr data from samples collected in
similar geological settings.

Within the glaciated regions of the UK, glacial till overlies many of the
Cretaceous and Jurassic strata above which the GEMAS samples were
collected (Table 2.02). As this re-worked material may be derived from a
wide variety of rocks, it might be anticipated that local biosphere

87

Sr/86Sr

values would generally exceed those associated with the Chalk sensu stricto.
Indeed – excluding the marine silts – those GEMAS values which exceed the
87

Sr/86Sr composition of modern seawater (Figure 5.02) were provided by

samples collected above glacial deposits. Ultimately, these sites are
underlain by Cretaceous sandstones, Jurassic mudrocks and recent
Neogene sediments, the latter being represented locally by the Wroxham
Crag Formation (McMillan et al. 2005). This consists of geologically recent
unconsolidated and heterogeneous fluvial sediments (Rose et al. 2000).
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Similar pre-glacial (Anglian) Crag deposits are present across eastern East
Anglia (Norfolk–Suffolk), and are known to contain material transported from
northern and central England (Lee 2009).
Despite the fact that a number of the GEMAS samples were collected
above glacial till and river terrace deposits overlying the Chalk, these data
occupy a similar

87

Sr/86Sr range to those Chalk values reported previously in

the literature. The majority of the published data are provided by Viner et al.
(2010), from samples collected on Salisbury plain (Wiltshire), within an area
of less than 500 ha. This un-glaciated region is dominated by shallow
calcareous soils developed in a variety of Chalky drift deposits, or
immediately above the Chalk itself (Thompson 1983b). The two remaining
published Chalk biosphere samples were collected in the East Riding of
Yorkshire. Whilst the

87

Sr/86Sr value provided by Evans et al. (2010b)

pertains to an area that is also free of substantial quaternary deposits,
Montgomery et al. (2007) obtained their sample in an area where soils are
developed, predominantly above glacial till (Thompson 1983a).
There is a substantial overlap between the range of

87

Sr/86Sr values

associated with Cretaceous bedrock and Jurassic limestones. The two
Cretaceous mudstone values shown in Figure 5.02 also fall within range of
the Chalk biosphere. This is consistent with the high-density data reported in
Chapter 4, where vegetation (Wood) values of 0.7079 and 0.7080 are
reported from the Chalk. Under the influence of the Chalk escarpment, Wood
samples collected above Cretaceous mudrocks (Gault) ranged in

87

Sr/86Sr

composition from 0.7079–0.7084 (Section 4.3), whereas, samples collected
above Jurassic Oolitic limestones ranged from 0.7085–0.7093 (Section 4.2).
The Jurassic limestone data reported by Evans and Tatham (2004) – from
central England (Rutland) – are consistent with this biosphere range, as is
the single geologically comparable GEMAS data-point. However, the majority
of the limestone biosphere data reported by Chenery et al. (2010) from
locations in western England, which are geographically closer to the GEMAS
Jurassic Limestone site, occupy a lower biosphere range.
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5.1.4 Conclusions
At a national scale there is a broad contrast between the biosphere
values obtained from those areas underlain by the Chalk and those underlain
by Jurassic mudstones and sandstones. At the same geographic scale the
87

Sr/86Sr compositions of those divisions of the biosphere underlain by the

Chalk and by Jurassic limestones overlap with one another. Although the
range of biosphere

87

Sr/86Sr values associated with the Chalk cannot be

considered to be unique, other limestone formations do not generally give
rises to such expansive, continuous and monotonous outcrops; Jurassic
limestone outcrops of the UK are frequently interbedded at various scales
with other sedimentary facies (sandstones, mudstones and clays). High
density data presented in Chapter 4 show that systematic biosphere 87Sr/86Sr
variation does occur in relation changes in geological that operate at a local
scale. However, it is not possible to recover such fine detail using low-density
sampling. The low density data indicate that the interpretive significance of
the Chalk sensu lato, lies in the geographical extent of the outcrops.
Samples collected above geologically recent marine sediments
consistently provide

87

Sr/86Sr values higher than the composition of modern

seawater. However, despite the presence of extensive glacial deposits within
the study area, the GEMAS samples provide no evidence that glacial till has
such a consistent influence on biosphere

87

Sr/86Sr values. The samples

collected above the glacial till that lies above the Chalk and Cretaceous
mudrocks provide a lower range of

87

Sr/86Sr values than those collected

above other rocks. Although the samples collected above glacial till lying
above the Wroxham Crag of East Anglia were located in close proximity to
the Chalk outcrop, these samples have an exceptionally high

87

Sr/86Sr in

respect of other samples within the current study. This suggests that there
are regional differences in the composition of the glacial till, possibly related
to underlying geology. However, even in the presence of glacial till and river
terrace deposits, there is no evidence that biosphere

87

Sr/86Sr variation

above the Chalk sensu stricto is scale-dependent.
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5.2 The influence of glacial till above the Chalk
Although the GEMAS Grass samples provide little evidence of a
characteristic influence from glacial till (Section 5.1), the effect of these
geologically recent deposits on regional biosphere variation above the Chalk
sensu lato warrants further investigation. Glacial till frequently contains clasts
of varying size, that have been transported a considerable distance. For
example, Shap Granite boulders from the Cumbrian Lake District are present
in the Vale of York, and rocks of Scandinavian origin are found along the
coasts of Yorkshire and Lincolnshire together with material from the Lake
District and Scotland (Catt 2007). The character and distribution of these
clasts have contributed to the reconstruction of directional trends in ice flow
(Huddart and Glasser 2002: 87–131).
Where the land surface is dominated by a substantial thickness of
galciogenic sediments, it may be prudent to be circumspect about predicting
potential biosphere ranges based on underlying solid geology. For example,
a number of mid Iron Age individuals recovered from the site of Ferry Fryston
(West Yorkshire) have returned enamel

87

Sr/86Sr values in excess of 0.714

(Boyle et al. 2007). Such biosphere values have only been consistently
reported from areas of the British Isles where ancient granites and gneisses
or are exposed, and above Carboniferous gritstones (Evans et al. 2010b).
Although these values clearly rule out a likely childhood origin associated
with the limestones that underlie the site and the surrounding area, Boyle et
al. (2007) are unable to exclude a possible origin in the glaciated zone of
East Yorkshire, effectively attributing a ‘…Scottish or even Scandinavian…’
(Boyle et al. 2007: 144; own emphasis) range of biosphere values to areas
dominated by glacial deposits in the east of England.
The strontium isotope compositions of stream waters have been
shown to be highly characteristic of specific landscape settings (Shand et al.
2009). Within the study area described in Chapter 4 of this thesis, samples of
stream water (Water) provided bioavailable

87

Sr/86Sr values of 0.7078–
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0.7105, which is comparable to the local biosphere range based on
vegetation (Wood). The transect is located beyond the inferred southern limit
of Anglian glaciation, but incorporates Middle Jurassic to Upper Cretaceous
geological strata, which crop out across large parts of the eastern England.
The G-BASE stream water archive (Johnson et al. 2005) provides an
opportunity to rapidly assess the extent to which exotic material may
contribute strontium to the local biosphere in areas of comparable solid
geology, now covered by glacial deposits.

5.2.1 Sample Selection
The G-BASE archive of stream water samples covers much of the
till-covered area of the east of England; from the River Humber in the north
down to Essex in the South. For the purposes of this study three regions of
interest were selected, based primarily on the presence of solid geology
comparable to that found within the high-density study area detailed in
Chapter 4. In broad terms these outcrops can be broken down into five
geological packages: The Middle Jurassic strata, dominated by the limestone
lithologies of the Great Oolite Group; the Middle Jurassic mudstones of the
Ancholme Group, dominated by the topographically low-lying Peterborough
member of the Oxford Clay; The Upper Jurassic mudrocks and limestones;
the Lower Cretaceous strata, dominated by the topographically low-lying
Gault mudstone; and the Chalk Group of the Upper Cretaceous.
Accordingly, the till covered regions selected for this study fall approximately
within boundaries of: Lincolnshire; Norfolk; and Buckinghamshire and
Oxfordshire (Figure 5.03, overleaf).
Sample selection followed essentially the same criteria as laid out in
Chapter 4. The G-BASE sample archive was plotted using Arc-GIS software
and sub-sampled using the British Geological Survey’s 1:50000 geological
maps (BGS 2010). Sample locations lying above specific solid geological
strata were selected and further sub-sampled using superficial geology map
layers, registered at the same cartographic scale. This resulted in a suite of
samples lying above glacial till underlain by the specified geological strata.
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British Ordnance Survey (OS) maps of appropriate scale were then used to
identify 173 sample sites located within simple, un-nested 1st and 2nd order
catchments. As a result of differences in drainage density were distributed
unevenly across the three study areas.

Accordingly, the OS 10 × 10 km

British National Grid (BNG) was used to attempt to achieve a roughly
equivalent sample density within the three regions; where available a sample
was selected from as close as possible to the centre of every other 100 km2
cell lying above each glacial till map-unit.

Based upon DiGMapGB-625, with the permission of the British Geological Survey.
Figure shows G-Base sample numbers (cf. Table 5.03). Upper Cretaceous strata are dominated by the Chalk
formations; Lower Cretaceous by the Gault mudstone. Upper Jurassic rocks are dominated by mudstones, but
also include substantial limestone and sandstone formations. The Oxford Clay is shown separately as it is
dominated entirely by massive mudstones of low topographic relief. Middle Jurassic strata are dominated by
limestones of the Great Oolite Group.

Figure 5.03: Map showing low-density distribution of selected stream water samples
(G-BASE) in relation to glacial till and generalised map of underlying bedrock.

Traditionally, the glacial deposits of Britain have been identified in
terms of the Lower, Middle and Upper Quaternary divisions. The Lower
Quaternary terminates at end of the Cromerian interglacial and the Middle
Division spans the Anglian and Wolstonian cold stages, the Upper division
includes the most recent Devensian glaciations and the current temperate
Holocene stage (Huddart and Glasser 2002: 33–46).

Accordingly, the

inferred ice margins associated with the most recent glaciations to have
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affected each regions identified in Figure 5.03 (Lincolnshire; Norfolk;
Buckinghamshire and Oxfordshire) divide the study areas into two; all of the
glacial till deposits identified in Figure 5.03 fall within the ice-limits Anglian
Glaciation, but the till in Lincolnshire that is underlain by Cretaceous strata
falls within the limit of the most recent Late Devensian glaciations.

5.2.2 Results
Table 5.03 (overleaf) shows the results the analysis of the stream
water samples identified in Figure 5.03, carried out following standard
methods detailed in Chapter 3. These range in

87

Sr/86Sr composition from

0.7082–0.7100. Although all of the samples are elevated substantially above
the Jurassic or Cretaceous marine carbonate curves (McArthur et al. 2001),
the results are consistent with the biosphere range associated with
sedimentary rocks present in the east of England (Evans et al. 2010b). The
majority of the data fall within the range of stream waters (Water) reported in
Chapter 4, that were collected above Jurassic strata within the un-glaciated
zone (0.7086–0.7105).
However, those samples associated with the Anglian till above the
Upper Chalk of Norfolk form a tight cluster of points ranging from 0.7084–
0.7086, with a mean value of 0.7085 ± 0.0002 (2 SD, n = 5). Although this
range is attenuated with respect to the lowest biosphere values reported from
the Chalk sensu lato (Section 5.1), the degree of scatter associated with the
data from this region – comprising an area of nearly 50000 ha – is
comparable to that shown by similar numbers of samples collected at a local
scale, above individual geological subdivisions of the biosphere (Chapter 4).
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Table 5.03: Results of the analysis of G-BASE stream waters obtained from areas
underlain by glacial till that lies above Cretaceous and Jurassic bedrock geology.
Region
Lincolnshire

System
Cretaceous

Jurassic

Norfolk

Cretaceous

Buckinghamshire &
Oxfordshire

Jurassic

87

Bedrock

86

Sr/ Sr

Chalk

G-BASE number

0.70879

405907

0.70883

411694

0.70994

406357

0.70944

406815

Mudstone

0.70827

411156

Mudstone

0.70824

411527

0.70849

411472

0.70913

410091

Chalk

Mudstone

Limestone

0.70841

443148

0.70841

443958

0.70846

441321

0.70852

444015

0.70860

442324

0.71002

461049

0.70888

430222

0.70934

461074

0.70888

432846

0.70856

429198

Samples have been classified using BGS 1:50000 geological maps [DiGMapGB-50]: ‘System’ indicates the age
of the underlying geological formation; ‘Bedrock’ indicates the underlying rock type at the sampling location.

5.2.3 Discussion
Theoretically, the range of stream water

87

Sr/86Sr values associated

with Chalk groundwater discharge can be predicted using the marine isotope
curve, which varies during the Upper Cretaceous between approximately
0.7073–0.7078 (McArthur et al. 2001). However, carbonate-free Chalk
solution residues may achieve

87

Sr/86Sr compositions of around 0.7120–

0.7160 (Shand et al. 2009). Sequential leaching performed on samples of the
Upper Chalk have returned acetic acid-extractable

87

Sr/86Sr values of

between 0.7075–0.7080, and water-extractable compositions of 0.7078 and
0.7084 (Bailey et al. 2000). These are comparable to the range of values
reported from Chalk aquifers; Montgomery et al. (2006) analysed one mineral
water, which had a composition of 0.7077, whilst five similar samples
reported by Voerkelius et al. (2010) provided

87

Sr/86Sr values of 0.7079 (n =

2), 0.7081, 0.7088 and 0.7089. In Chapter 4 of this thesis, stream waters fed
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by springs and surface run-off from Cretaceous rocks varied little in relation
to distance from the base of the Chalk escarpment, retuning

87

Sr/86Sr values

of 0.7078–0.7082. Four stream water values (7079–0.7080), given by Evans
et al. (2010a) also show very little variation. Overall, mineral waters and
Chalk stream waters appear to cover a similar range of

87

Sr/86Sr values to

those of the Chalk pore-waters reported by Shand et al. (2009) which range
from 0.7080–0.7083.
It is likely that, under ambient surface conditions, the

87

Sr/86Sr

composition of Chalk-influenced stream water will diverge from the marine
isotope curve, even in areas where groundwater discharge from the Chalk
aquifer represents the only input. Thus, Figure 5.04 (overleaf) compares the
stream water data from the current study (Table 5.03) with the available
stream water and mineral water data available from the Chalk sensu stricto.
A mean value of 0.7079 ± 0.0002 (2 SD, n = 11) for these data has been
calculated, excluding two outlying values provided by Voerkelius et al.
(2010).
The

87

Sr/86Sr compositions of all the samples from the current study

exceed the 2σ interval associated with this mineral water and Chalk stream
water control group. Thus, in areas underlain by the Chalk, it is likely that
sources other than the Chalk groundwater do make a significant contribution
to surface waters. However, there is complete overlap between the ranges of
values from regions that are ultimately underlain by Jurassic and Cretaceous
rocks. Although the Norfolk stream waters collected above pre-Devensian
glacial till – in a region underlain by the Chalk – form a tight cluster, the
highest values from Lincolnshire were collected above the Devensian till
above the Chalk. This suggests that there may be regional difference in the
properties of the till. The relatively low values in Norfolk may be related to the
emplacement of Chalky till by the Anglian Ice Sheet (Clayton 2000).
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0.7120

Mineral water & Chalk streams
Evans et al. (2010)
Montgomery et al. (2006)
Voerkelius et al. (2009)
Chapter 4

Glacial till drainge data (cf. Table 5.02)
Lincolnshire
Norf olk
Buckinghamshire & Oxf ordshire

87Sr/ 86Sr

0.7110

0.7100
Modern
seawater

0.7090

Outliers
Mineral Stream
water
water

0.7080

0.7070

Marine
carboantes

Mineral water
& Chalk streams

Cretaceous
Chalk

Cretaceous
mudstone

Jurassic
limestone

Jurassic
mudstone

Samples have been classified based using BGS 1:50000 geological maps [DiGMapGB-50]. Excluding two
87
86
outliers, dashed line though mineral water and Chalk stream data represents mean value Sr/ Sr of the
published data (Montgomery et al. 2006 ; Evans et al. 2010a ; Voerkelius et al. 2010) combined with three
G-Base stream waters – 461510, 461545, 561476 (Appendix C) – collected at the base of the Chliterns
escarpment (Chapter 4); this equals 0.7079 ± 0.0002 (2 SD, n = 11). Marine carbonate refeference line passes
aproximately throught the middle of the Cretaceous and Jurassic–Cretaceous range (McArthur et al. 2001)

Figure 5.04: Individual value plot comparing the 87Sr/86Sr composition of G-BASE
stream water samples (Water) collected from areas underlain by glacial till, with
previously established ranges associated with Chalk bedrock geology.

None of the stream water values reported in the current study achieve
the biosphere

87

Sr/86Sr values of 0.7167–0.7192, reported by Evans et al.

(2010b) amongst the Cairngorm, Etive & Angus granites of the Grapmian
Highlands (Scotland). Similar radiogenic biosphere values of 0.7119–0.7292
have been also been reported from Sweden by Sjögren et al. (2009: Table
2). However, 193 surface waters collected across mainland Denmark
provided

87

Sr/86Sr of 0.7079–0.7206 (Frei and Frei 2011: Table 1). As in

eastern England, a substantial proportion of these samples are influenced by
percolation through Pleistocene glaciogenic sediments, which are known to
contain Precambrian granitoid components. However, only the upper 25 % of
the Danish data achieve a

87

Sr/86Sr composition 0.7100 or higher. In this

context the data stream water from the current study appear to confirm that
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glaciogenic sediments deposited in the lowland zone, underlain by Mesozoic
sediments fail to provide biosphere 87Sr/86Sr values as high as those reported
from areas underlain by ancient granitic rocks and gneisses.

5.2.4 Conclusions
Due to the long-range transport of regolith materials it cannot be
assumed that underlying solid geology will necessarily be a major controlling
factor on biosphere 87Sr/86Sr values in areas where the soils are developed in
substantial galciogenic deposits. However, there is no evidence that
biosphere values associated with glacial deposits are overwhelmingly
influenced by the presence of exotic material derived from ancient radiogenic
rocks. Although the samples illustrated in Figure 5.04 generally exceed the
range of values measured in stream water collected above Cretaceous
sediments located within the peri-glacial domain, the values are not without
the
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Sr/86Sr range that might be predicted for Jurassic mudrocks, or even

some limestones (cf. Section 5.1).

5.3 The Clay-with-flints: the influence of decalcified
in-situ sediments on biosphere variation above
the Chalk
In the absence of substantial glacial deposits, the character of
geographic biosphere

87

Sr/86Sr variation in areas of the UK underlain by the

Chalk is currently understood in terms of a binary mixing model; Cretaceous
marine carbonates are held to indicate the range of values associated with
the geological end-member (McArthur et al. 2001), while modern seawater
(Hoddell et al. 1990) is cited as a proxy for atmospheric input (Montgomery et
al. 2007b). This simplification may be appropriate in situations where recent
Chalk regolith or the Chalk bedrock itself represents the principal soil parent
material and calcareous sediments contribute to local soil profiles. However,
the Chalk outcrop is not uniform in this respect; the maps of the Soil Survey
of England and Wales show that discontinuous argillic (clay) soils are present
across substantial areas of the Chalk landscape (Burnham 1980). Thus, even
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above the un-glaciated Chalk, there is some potential for biosphere

87

Sr/86Sr

variation related to the presence of contrasting of soil parent materials.
Throughout the Quaternary Period, the un-glaciated regions of lowland
Britain were exposed to successive episodes of intensive periglacial
weathering (Ballentyne and Harris 1994). In southern and eastern England,
soil parent materials still persist, which evolved initially under the influence of
aggressive freeze-thaw cycles and aeolian transport (Embleton and King
1975). The Clay-with-flints represents one such class of deposit. This
material caps the gently inclined back-slopes of the Chiltern Hills and the
North Downs, and occurs as dispersed patches on hill summits across the
high Chalk plain of Wiltshire, the Wessex Downs, and the South Downs. In
eastern Yorkshire, beyond the Late Devensian Glacial limit, the Chalk is
locally overlain by similar deposits, but these are thought be of limited
occurrence (Ellis and Newsome 1991) and are not formally mapped in the
current publications of the British Geological Survey.
The Clay-with-flints is thought to represent an in situ weathering
product of the Upper Chalk (Catt 1986 ; Gallois 2009); that is, a decalcified
Chalk solution residue (Horton et al. 1995 108). The sediments comprise a
variable mixture of clay minerals, sand and gravel (Wilson 2002 ; Gallois
2009), often overlain by a thin layer of Pleistocene loess (Quesnel et al.
2003). These materials gives rise to clayey soils (paleo-argillic brown earths),
distinct from those developed above the Chalk sensu stricto (Hodge et al.
1984 ; Jarvis et al. 1984). The distribution of these soils is shown in the
generalised national soil map presented by Burnham (1980). Although
mineralogically varied, discontinuous, and volumetrically small, the Clay-withflints forms a extensive mantle of decalcified deposits across the Cretaceous
Chalk plateau of England and the continent (Quesnel et al. 2003).
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5.3.1 Geochemical reconnaissance above the Clay-with-flints
The G-BASE field survey of 2007 provides soil chemistry data collected
above part of the Chiltern Hills of central southern England (Chapter 2).
Figure 5.05 (overleaf) shows the bulk strontium concentration in the surface
soil samples, collected in accordance with the G-BASE project guidelines
(Johnson 2005). Figure 5.06 (overleaf) shows how these data relate to
superficial deposits present within the region. The Clay-with-flints is located
on gently sloping hill tops, and dominates the dipslope of the Cretaceous
plateau. It is replaced to the SE by a variety of unconsolidated quaternary
sediments, as the Chalk dips below the Palaeogene deposits of the Thames
Valley. Accordingly, the gravity-driven erosion of the Chalk will not influence
the biosphere
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Sr/86Sr range associated with the primary Clay-with-flints

deposits. However, material weathered from these locations can accumulate
as non-calcareous silty drift within the dry valleys that incise the Chalk (Jarvis
et al. 1984: 119–120).
The soils with the highest strontium content are concentrated towards
the NW limit of the Chalk outcrop, corresponding to the escarpment zone,
which breaks from a high point of around 250 m OD and within 2 km, drops
to around 100 m OD at the base of the Lower Chalk. Although high strontium
concentrations are present in soils above the Upper Chalk dipslope, these
samples are located largely within, or in close proximity to the dry valley
slopes. Recently weathered colluvial deposits are not mapped by the BGS,
but do have an important influence the properties of soils (Jarvis et al. 1984).
The divisions of the biosphere influenced by highly weathered and strontiumdepleted soil parent materials may be influence of silicate weathering, and be
more sensitive to atmospheric inputs those where strontium-bearing marine
carbonates are available. However, it is not clear from these data what effect
strontium-depleted superficial deposits may have beyond the extent of the
argillic soils associated with the primary Clay-with-flints deposits.
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Based upon DiGMapGB-50, and NEXTMap Britain digital terrain model with the permission of the
British Geological Survey.
G-BASE surface Sr soil data obtained from the BGS Geochemistry Database (Johnson et al. 2005). Scale used
to plot the data was determined using a box-plot method, following Reimann (2005), which results in up to five
concentration classes: 1) lower outliers below the lower whisker (which are not present in this case); 2) lower
whisker to lower hinge; 3) box containing the inner 50 % of the data; 4) upper hinge to upper whisker; 5) upper
outliers.

Figure 5.05: Map showing Sr concentration in G-BASE surface soils that are located
above outcrops belonging to the Chalk Group in relation to topography.

Based upon DiGMapGB-50, with the permission of the British Geological Survey.
G-BASE surface soil Sr data obtained from the BGS Geochemistry Database (Johnson et al. 2005). Scale used
to plot the data was determined using a box-plot method, following Reimann (2005), which results in up to five
concentration classes: 1) lower outliers below the lower whisker (which are not present in this case); 2) lower
whisker to lower hinge; 3) box containing the inner 50 % of the data; 4) upper hinge to upper whisker; 5) upper
outliers.

Figure 5.06: Map showing Sr concentration in G-BASE surface soils that are located
above outcrops belonging to the Chalk Group in relation to superficial geology.
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5.3.2 Biosphere sampling exercise targeting Clay-with-flints
In order to assess the potential influence of the Clay-with-flints on
biosphere

87

Sr/86Sr values, vegetation samples were obtained from six

supplementary sites (Figure 5.07) within the region surveyed by the G-BASE
project in 2007 (see Section 4.1). At present the Clay-with-flints supports
predominantly areas of ancient woodland and recent forestry plantations. In
order to maintain consistency, all samples were collected from areas of
established permanent tree-cover, identified using large scale OS maps
(1:10000). The sites were positioned as close as possible to the centre of
each selected 1 × 1 km cell from which G-BASE soil samples had been
collected previously. This allows samples WhtLf_J, WhtLf_H, WhtLf_C and
WhtLf_B to be supplemented with aqueous soil-leach data obtained from
proximal G-BASE surface soil samples (A-horizon). These paired samples
transect the Clay-with-flints and the Lower Cretaceous rocks below.

Based upon DiGMapGB-250 (bedrock geology) and DiGMapGB-50 (superficial geology), with the
permission of the British Geological Survey (BGS).
Figure shows sample ID of the Wood samples collected for this study and G-BASE sample numbers for surface
soils (Soil). Dashed line shows location of baseline extended between OS BNG nodes 475000, 190000 and
495000, 210000.

Figure 5.07: Map showing location of G-BASE surface soil samples (Soil), and
vegetation (Wood) samples collected in order to assess the influence of the Clay-withflints on the Chalk biosphere sensu lato, and the attenuation of the marine carbonate
influence beyond the Chalk escarpment of Buckinghamshire, in relation to underlying
geology.
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Vegetation samples (Wood) were obtained from the leaf bearing
terminal branches of a number of trees within a 10 × 10 m area of at each
site. The central location was logged using a handheld GPS (documented in
Appendix C), and the elevation (m OD) was estimated using the BGS
NextMap© digital terrain model (Intermap Technologies 2007). Samples were
collected from branches within arm’s reach of the ground by placing a
labelled Kraft paper sample bag over the in situ material. To avoid cross
contamination, latex gloves were worn and the sample bags were sealed
before leaving each location. Samples were air dried at room temperature for
three days, before being subjected to vacuum drying for 48 hours within the
original sample bags. The drying processes lead to weight loss of between
1–8 g, representing 7–21 % of initial sample mass. At no time prior to
preparation for analysis were the samples removed from the original bags,
which were stored in zip-lock plastic bags until needed. Wood samples were
prepared for analysis by ID-TIMS following standard methods (Chapter 3).
Although these samples do not provide comprehensive coverage of all
of the soil-forming environments present above the un-glaciated Chalk sensu
lato, they do relate to three typical situations. These were characterised using
the 1:50000 BGS maps of solid and superficial geology (BGS 2010) and a
smaller scale soil map (Thompson 1983b). The samples identified as
WhtLf_F and WhtLf_G (230 m OD) are field duplicates (see Chapter 3) and
were collected above the Chalk dipslope, high on a steep slope immediately
adjacent to a hill-top that is capped by the Clay-with-flints. Also collected
above the Chalk dipslope, sample WhtLf_I (165 m OD) was, in contrast,
collected on the lower slopes of a dry valley where the surrounding hilltops
are capped with the Clay-with-flints. That is, a topographic position where
soils are frequently developed in flinty, non-calcareous drift deposits (Jarvis
et al. 1984: 121–123). Samples Whtlf_J (246 m OD) and WhtL_H (255 m
OD) were collected immediately above primary Clay-with-flints deposits,
whereas Samples WhtLf_C (133 m OD) and WhtLf_B (102 m OD) pass into
a catena of soils involving erosion processes from the steep Chalk
escarpment.

119

5.3.3 Results
The results of the analysis of the vegetation samples and the aqueous
soil the leachates are reported in Table 5.04 and 5.05. Previous work
(Chapter 4) has shown that aqueous soil leaches provide a higher and more
variable range of
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Sr/86Sr values than vegetation samples. However

substantial contrasts in the composition of leachable strontium may provide
an indication of a change in the character of the different parent materials
that influence the 87Sr/86Sr composition of the biosphere.
Table 5.04: Results of 87Sr/86Sr analysis of vegetation samples (Wood) used to
investigate the influence of the Clay-with-flints on the Chalk biosphere sensu lato in
the Chalk escarpment zone (cf. Figure 5.07).
Sample ID
WhtLf_G*
WhtLf_F*
WhtLf_C
WhtLf_B

Distance
(m)

Landscape zone

Steep hillside above Chalk dipslope

Chalk escarpment

WhtLf_H

Clay-with flints plateau

WhtLf_I

Dry valley above Chalk dipslope

WhtLf_J

Clay-with-flints plateau

‡

Elevation
(m OD)

87

86

Sr/ Sr

0.70762

—

230

5399

133

0.70772

7084

102

0.70803

0.70763

4364

255

0.70943

—

165

0.70953

2658

246

0.70976

*Field duplicates, see Chapter 3.
‡
Distance refers to the perpendicular distance of each sample (m) from an arbitrary SW–NE baseline, extended
between the Ordinance Survey nodes BNG 475000, 190000 and BNG 495000, 210000 (cf. Figure 5.07).

Table 5.05: Results of 87Sr/86Sr analysis of G-BASE surface soil samples (Soil) used to
investigate the influence of the Clay-with-flints on the Chalk biosphere sensu lato in
the Chalk escarpment zone (cf. Figure 5.07).
G-BASE
number
460527
460669
460520
460432

Distance
(m)

Landscape zone

Chalk escarpment

Clay-with-flints plateau

‡

Elevation
(m OD)

87

86

Sr/ Sr

5352

125

0.70836

6703

107

0.70903

4387

240

0.70950

2641

239

0.71054

‡

Distance refers to the perpendicular distance of each sample (m) from an arbitrary SW–NE baseline, extended
between the Ordinance Survey nodes BNG 475000, 190000 and BNG 495000, 210000 (cf. Figure 5.07).

5.3.4 Discussion
Figure 5.08 (overleaf) shows the

87

Sr/86Sr composition of the four

vegetation samples and four soil-leaches that transect the Clay-with flints
plateau and the Chalk escarpment zone, in relation to topography and
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underlying Geology. Horizontal reference lines are provided, which represent
the range of

87

Sr/86Sr values provided by the respective sample media

obtained from locations above the Cretaceous Gault clay-vale which lies
below the Chalk escarpment in the same region (Chapter 4).

While the

vegetation and soil-leach data relating to the Clay-with-flints exceed the
maximum soil-leach values obtained previously from the Gault, the soil
sample collected above the Chalk falls within range of vegetation values.
However, both sample media show an upwards inflection above the Upper
Greensand, consistent with the range of values previously reported within
this geological domain (Section 4.3). This pattern suggests that, although the
Clay-with-flints may represent a distinctive, discontinuous biosphere domain,
its influence is likely to be restricted as a function of topography.

NW
Clay-with-flints
plateau

/ 86Sr: Solid lines

0.7105

87Sr

350
300
250

0.7100
Chalk
escarpment

0.7095
0.7090

200

↕ Gault local Soil range

150
Gault clay vale

0.7085
0.7080

100

↕ Gault local Wood range

50

Elevation (m OD): Dashed line

SE

0.7110

0

0.7075
2

4

6
Distance from baseline (km)

8

10

Topo

Wood

Soil

Clay-with-f lints

Lower Chalk

Upper Greensand

Geological formations transcribed from BGS 1:50000 geological maps [DiGMapGB-50]. Broken horizontal lines
represent the absolute range of values obtained from samples collected locally above the Gault clay vale (see
Chapter 4). All distances are measured perpendicular to an arbitrary baseline extended between OS BNG nodes
475000, 190000 and 495000, 210000 (cf. Figure 5.08)

Figure 5.08: Line chart showing changes in 87Sr/86Sr composition of soil leaches (Soil)
and vegetation (Wood) in relation to topography, underlying geology and the range of
values previously obtained locally from samples collected above the Lower
Cretaceous mudrocks (Gault).
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Within the Chalk escarpment zone, two G-BASE vegetation samples
(Wood) collected above the Chalk in Buckinghamshire have provided
87

Sr/86Sr values of 0.7079 and 0.7080 (Chapter 4). However, vegetation

collected above the Chalk downland soils of Salisbury Plain indicates a wider
ambient ‘Chalk-biosphere’

87

Sr/86Sr range (Viner et al. 2010). These values

(ibid.), together with the data supplied by Evans et al. (2010a) and the
GEMAS sampling program (Section 5.2), were obtained in the absence of
substantial superficial deposits – that is, above the Chalk sensu stricto – and
cover a

87

Sr/86Sr rage of 0.7075–0.7088. This encompasses the values

obtained from four samples detailed in Table 5.05: WhtLf_B; WhtLf_C; and
field duplicates WhtLf_F and Whtlf_G. These were collected in hillside
locations above the Chalk dipslope and in the escarpment zone (Table 5.04).
All of the samples in the current study (Tables 5.04 and 5.05) were
obtained from areas dominated by ‘brown soils’, which possess prominent
illuvial subsoil horizons formed by the percolation of water through the soil
column. To develop, these soils require some degree of surface stability and
an adequate depth of a sufficiently permeable parent material (Avery, 1990:
156). Within this major soil group, it is possible to differentiate between those
soils developed in recent calcareous drift (colluvium) and those influenced
more strongly by the Clay-with-flints. To this end, the National Soil Map of
England and Wales (Thompson 1983b), shows the distribution of the relevant
soil associations, which are described in the appropriate Soil Survey Bulletin
(Jarvis et al. 1984).
In the Chiltern Hills the Clay-with-flints supports the ‘Batcombe’ soil
association, which generally comprises non-calcareous clayey (argillic) soils
(Jarvis et al. 1984: 97–101). Although the soils above the Chalk dipslope
include those in which bedrock is present at only a moderate depth, where
the Clay-with-flints caps the surrounding hills the primary parent materials in
which the soils of the dry-valleys are developed is described as ‘flinty
non-calcareous drift’ (Jarvis et al. 1984: 121). In contrast, the ‘Coombe’
associations (1 and 2), mapped predominantly across the lower slopes of the
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Chalk escarpment, are developed within drift derived from the Chalk rock
itself and from calcareous, lithomorphic soils up-slope of the map unit (Avery
1990: 182, 185–186). Locally, these brown calcareous earths are flanked at
the base of the Chalk escarpment by the gley soils of the ‘Bignor
Association’. These are affected by seasonal waterlogging, and mark the
influence of the Upper Greensand (see Chapter 4), which impedes local
drainage (Jarvis et al. 1984: 102–105).

5.3.5 Conclusions
The Clay-with-flints represents a clayey, decalcified soil substrate that
is depleted in strontium. The associated vegetation 87Sr/86Sr values that have
been recorded in the current study (0.7094–0.7098) resemble more closely
those associated with Jurassic mudrocks, than those obtained from areas
where soils are developed primarily in calcareous parent materials, derived
either from the Chalk or other limestone formations (cf. Figure 5.03). In the
Chiltern Hills and across large parts of the North Downs there are extensive
areas of soils that are developed directly in the Clay-with-flints (Thompson
1983b). South of the Vale of Pewsey and in some areas of the South Downs,
the coverage of such soils is more sporadic. Where generalised maps show
that similar paleo-argillic brown earths are present (Burnham 1980), these
are generally mapped as the ‘Carstens’ soil association (Thompson 1983b).
Jarvis et al. (1984) state that the “Carstens soils occur on the broader
interfluves where the silty cover to the Clay-with-flints is consistently present”
(Jarvis et al. 1984: 115).
De-calcified soils such as these are likely to represent an extensive,
though discontinuous biosphere domain, within which the Chalk rock is not
the primary source of bioavailable strontium. Depending on the specific
patterns of landscape use exercised during different periods, this may extend
substantially the local biosphere
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Sr/86Sr ranges hitherto attributed to the

Chalk outcrops of southern and eastern England. The available data
collected above the Chalk, and in the absence of substantial superficial
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deposits are summarised in Table 5.06; these can be regarded as
characteristic of ambient biosphere variation above the Chalk sensu stricto.
Table 5.06: Summary of available biosphere data (vegetation only) that are
characteristic of the Chalk biosphere sensu stricto.
Source
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Sample ID

86

Sr/ Sr

Appendix C

GEMAS_063_Grass

0.70748

Appendix C

WhtLf_F & WhtLf_G (mean)

0.70763

Appendix C

GEMAS_054_Grass

0.70766

Viner et al. (2010)

Dwplant-02

0.70767

Appendix C

WhtLf_C

0.70772

Evans et al. (2010)

E-Wet-1

0.70781

Viner et al. (2010)

Dwplant-06

0.70786

Appendix C

461518 (G-BASE number)

0.70792

Viner et al. (2010)

Dwplant-01

0.70794

Viner et al. (2010)

Dwplant-04

0.70794

Appendix C

461545 (G-BASE number)

0.70804

Viner et al. (2010)

Dwplant-07

0.70839

Viner et al. (2010)

Dwplant-03

0.70870

Viner et al. (2010)

Dwplant-08

0.70875
Median

0.7079

Mean

0.7080

2 SD

0.0008

5.4 The coastal wetlands: a distinctive biosphere
domain?
The British Isles contain a range of distinctive geographic zones built
on considerable diversity in post-glacial sedimentation (Thomas 1999). One
driving force behind this is the gradient from the upland areas, down to the
estuarine and littoral coastal zones. Accordingly, fluvial and marine transport
processes may serve to decoupled low-lying regions from the influence of
underlying solid geology (Bern et al. 2007). Moreover, coastal environments
include extensive wetlands which, by definition have either a direct or indirect
relationship with marine conditions, as attested to by the presence of saltloving (halophytic) or at least salt-tolerant vegetation. The relatively high
strontium content of seawater and its tightly constrained

87

Sr/86Sr

composition suggests that these areas may be isotopically distinct with
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respect to the immediately adjacent divisions of the biosphere supported by
solid geological outcrops and glacial deposits.
This issue is far from trivial. For example, Rippon (2000: 1–13) argues
that although coastal wetlands may be regarded currently as unproductive
and marginal, the resources present within these regions were once highly
valued. Maritime wetlands represented an important focus for some of the
earliest settlement activity known in the UK (Mellars and Dark 1998). In the
later prehistoric period, the potential of such regions for the seasonal
production of salt as a storable trade commodity (Lane and Morris 2001)
mean that they also play an important role in some models of social change
during the Iron Age and Roman periods (Haselgrove 1982). Even prior to
extensive land reclamation activities, intertidal grassland still provided a rich
seasonal pastoral resource (Allen 2000). Indeed, seasonal grazing and salt
production can be regarded as a pioneer activity that gave way to arable
faming as these areas became drier and sufficiently desalinated to support
reliable crop production (Lane 1988).
The Fenland basin of eastern England represents the largest
continuous area of reclaimed marine sediments in the UK. These extend
from Lincolnshire to Cambridgeshire and currently provide a substantial
proportion of the most productive agricultural land in England (DEFRA 2002).
Evidence of the transient characteristics of the coastline of this region is
recorded by extensive archaeological works (Cole and Hall 1997), but the
dynamic nature of the coastal wetlands means they are amenable to human
manipulation. Thus, although this region has been strongly influenced by
environmental changes, its current character owes much to the diversion of
drainage, construction of protective sea-banks and control of grazing over an
archaeological time-scale (Hayes 1988). It is important to consider how such
regions have evolved over time and what constraints this places on our
understanding of biosphere 87Sr/86Sr variation, based on modern samples.
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5.4.1 The Fenland Basin of eastern England
The Fenland Basin represents a flat region of eastern England, which
lies within a few meters of sea level and thus possesses naturally high
groundwater levels. Surrounded by Chalk and limestone hills, it is the focus
of an extensive fluvial network. The basin itself was excavated largely during
the Anglian Glaciation, which was responsible for the emplacement of the
Chalky, pre Devensian tills of eastern England (Perrin et al. 1979 ; Clayton
2000). In contrast, the post-glacial evolution of the region is dominated by
cumulative sedimentation. The resulting intercalated deposits comprise a
deeply stratified sequence of peats and other organic deposits, silts and
clays (Waller and Hall 1991). The in-filling process is described by Brew et al.
(2000) in terms of three major phases:
“Firstly, the initial post-glacial transgression, which started c. 7850 cal.
Bp (5900 BC*). Secondly, the sedimentary infilling of the embayment
with rising sea-level; deposition of intertidal clastic sediments
alternating with peat accumulation. Thirdly, renewed expansion of tidal
flat areas between c. 2750 and 1500 cal. Bp (800 BC – AD 450*) and
forming the final clastic fill.” (Brew et al. 2000: 253).
*Dates in parentheses expressed as cal. BC based on present = AD 1950.

The timing of the change in relative sea level (Horton and Shennan
2009), which resulted in the “renewed expansion of tidal flat areas” (Brew et
al. 2000: 253) coincides with the late Bronze Age (Cunliffe 2005: 409).
However, marine regression during the late Iron Age and early Roman
periods provided an unprecedented opportunity to exploit an expansive area
of pristine coastal sediments (Hall and Chippindale 1988). As the land began
dry out, natural levees and marine silt deposited within earlier tidal creeks
(Smith et al. 2010) provided areas of low relief, allowing the settled zone to
expanded out across the landscape from the fen-edge (Hayes 1988 ; Lane
1988). Rackham 1986 (2000: 374–394) suggests that the fens continued to
be occupied after the end of Roman rule (ca. 410 AD) and that, by the early
Medieval period substantial efforts had been made to extend and maintain
habitable areas.
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Throughout later prehistory, geographic differences in drainage, and
changes in relative sea level have lead to the formation of contrasting
wetland environments within the Fenland Basin, with shifting boundaries.
Initially, much of the region must have consisted of inter-tidal wetlands
(saltmarsh). Fresh-water wetlands formed higher in the catchments above
the upper margins of the tidal range, where rivers were impeded by the
developing saltmarsh (Waller 1994). Currently, marine silt dominates the
areas of the once inter-tidal saltmarsh, while organic peats developed in the
freshwater fens, influenced primarily by runoff from the surrounding upland
areas and by groundwater discharge (Hodge et al. 1984: 1–46). Soil parent
materials are found in the Fenland region today, which may have
represented the dominant soil-resource at different times; the region can be
broadly characterised in terms of the central, marine-influenced silt fen of
Lincolnshire and the fresh-water peat fen, which became dominant in
Cambridgeshire, Suffolk and Norfolk.

5.4.2 Sample Selection
As environmental changes and human intervention have radically
changed the character of the Fenland environment over time, this region
represents a serious challenge in terms of establishing likely biosphere
87

Sr/86Sr ranges applicable to the past. Sea banks prevent regular inundation

and deposition of marine silt, restricting salt-marsh to the seaward side of the
coastal defences, and water management is organized into river drainage,
and internal drainage of the land between. Water from the surrounding
regions is channelled into the, largely canalised, major rivers: the Witham;
Welland; Nene; and Great Ouse. Thus, although the water bodies targeted
by the G-BASE survey are highly interconnected, they represent only the
local groundwater and surface runoff. An attempt to characterise particular
environmental domains within the Fenland Basin is beyond the scope of the
current study, but low density sampling may provide an indication of the
extent to which the region is dominated by a coastal, marine signature
(Figure 5.09, overleaf).
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Based upon DiGMapGB-50, with the permission of the British Geological Survey.

Figure 5.09: Map showing the location of G-BASE stream water sampling sites
selected to investigate biosphere 87Sr/86Sr varion within the Fenland Basin of eastern
England. Sites are shown in relation to underlying superficial deposits and the
proximal GEMAS grass samples (cf. Figure 5.01).

The stream water samples within the G-BASE archive were collected
in this region from 1996–2002. As described in Chapter 2, the G-BASE
project aims to collect stream waters from low order streams at a consistent
density, determined using the British Ordnance Survey National Grid (BNG)
(Johnson 2005 ; Johnson et al. 2008). However, the internal drainage system
within the Fenland region makes it difficult to isolate fist and second order
sites. For this reason, those samples subjected to

87

Sr/86Sr analysis were

selected from locations positioned as close as possible to the centre of
diagonally-alternating 5 × 5 km BNG cells which, if extended, would be
equivalent a density of one sample every 100 km2. A series of six samples
pass from NW–SE, from an area underlain by Pleistocene glacial till in
Lincolnshire, through the marine silts of the Fenland Basin and into the peat
fen of Norfolk (Figure 5.09). Additional samples were selected to assess
whether there was any detectable change inland from the coast. For
comparative purposes one sample was selected in close proximity to the
location at which GEMAS Grass sample 136 was collected (cf. Figure 5.01).
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5.4.3 Results
The results of the analysis, performed using standard methods
(Chapter 3) are reported in Table 5.07. The samples have been grouped on
the basis of region of the fenland basin within which they were collected,
using superficial geology (Figure 5.10), to differentiate those samples
collected above marine silts (Silt fen), freshwater peats (Peat fen) and those
areas located at the edge of the fenland basin at a higher elevation (Basin
margins). Within each group the data are sorted in by

87

Sr/86Sr composition

in ascending order. The values range from 0.7086–0.7096 and thus fall within
the predicted biosphere range from this region of 0.708–0.710 (Evans et al.
2010b). The elevation of each sample site above sea level (m OD) was
estimated using the NEXTMap© Britain digital terrain model (Intermap
Technologies 2007)
Table 5.07: Results of the analysis of G-BASE stream water samples selected to
investigate biosphere 87Sr/86Sr variation across the Fenland Basin.
Landscape zone

Silt fen

Peat fen

Basin margins

Elevation (m OD)

87

86

Sr/ Sr

G-BASE number

1

0.70850

411116

3

0.70914

440061

1

0.70915

440435

1

0.70916

440374

1

0.70923

423906

3

0.70948

422994

3

0.70951

423320

3

0.70962

440222

-1

0.70864

442987

0

0.70916

442639

27

0.70906

427989

10

0.70928

422762

5.4.4 Discussion
Figure 5.10 (overleaf) shows that, the majority of the data from the
fenland basin cluster around the modern seawater 87Sr/86Sr value. Although it
is tempting to attribute this to the influence of seawater, either as sea-spray,
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rainfall or occult deposition (mist and fog), those samples collected at the
basin margins also have

87

Sr/86Sr that are ‘close’ to a seawater value too.

However, these samples are likely to be influence by run-off from Jurassic
formations and recent superficial deposits (i.e. glacial till and river terrace
deposits). As can be seen, stream waters reported by Evan and Tatham
(2004) in the Midlands region of England (Rutland) – immediately to the east
of the fenland basin – cover a similar range of values to those in the current
study, as do stream waters collected above the glacial till in Lincolnshire
(Figure 5.10). In these areas bedrock geology is likely to influence biosphere
87

Sr/86Sr variation on a local scale. However, the silt fen is disconnected from

underlying Geology by a substantial thickness of marine sediments, and is
likely to be more homogenous than the surrounding areas.

Comaprative data
0.7120

Lincolnshire
Rutland

Norfolk
GEMAS

87Sr/ 86Sr

0.7110

79

0.7100

Modern
seawater

136

0.7090
80

0.7080

0.7070

Mean mineral water & Chalk stream water ± 2SD

Data from
surrounding areas

Silt fen

Peat fen

Basin margins

Figure shows stream water from surrounding areas recorded to the north of the Fenland Basin in Lincolnshire
(Section 5.2), to the west in Rutland (Evans and Tatham 2004) and to the south in Norfolk (Section 5.2). The
study is bracketed to the east by the North Sea (i.e. modern seawater). Sample site numbers are shown for
GEMAS Grass samples that fall within the study area (cf. Figure 5.10); dashed linesjoin these data-points to the
proximal G-BASE water samples. Mean mineral water and Chalk stream water is estimated using the data
illustrated in Figure 5.04 (Section 5.2).

Figure 5.10: Individual value plot comparing G-BASE stream water 87Sr/86Sr data
(Water) from the Fenland Basin with data from surrounding regions and proximal
GEMAS Grass samples.
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The majority of the stream water data from the Silt fen range in
87

Sr/86Sr composition from 0.7091–0.7096, but one sample (411116) to the

extreme north of the region has a

87

Sr/86Sr composition of 0.7085. Two

GEMAS vegetation samples were collected within the fenland basin, with
87

Sr/86Sr compositions of 0.7097 and 0.7099 (Section 5.1). These data-points

are shown in Figure 5.10, with dashed lines connecting them to the two
stream water samples that were collected at proximal locations (cf.
Figure 5.01). In Chapter 4 it was found that vegetation and stream water
samples collected above comparable divisions of the biosphere provided
similar biosphere

87

Sr/86Sr ranges. On a site-by-site basis, the difference

between the two sample media ranged from 0.0000–0.0007 (cf. Table 4.02).
Excluding one outlying Wood value (G-BASE number 461013) the maximum
local difference between Wood and Water

87

Sr/86Sr composition above any

one geological division of the biosphere varied from 0.0003–0.0009. The
difference between G-BASE sample 411116 and the proximal GEMAS
vegetation sample is 0.0012, suggesting that the stream water value from
this location may be anomalously low.
In addition to G-BASE sample 411116, one stream water sample
collected to the extreme east of the fenland basin – within the peat fen of
Norfolk, from which the Chalk outcrop emerges to the East (Figure 5.09) –
also displays a relatively low
these values fall within

87

87

Sr/86Sr composition (Figure 5.10). Both of

Sr/86Sr range of the stream water collected above

the glacial till of Norfolk (Figure 5.10) which has a mean composition of
0.7085 ± 0.0002 (2 SD, n = 5) (see Section 5.3). If surface run-off from the
Chalk, or Chalk-influenced groundwater discharge influences these two
areas (Ander et al. 2006), this may result in lower stream water

87

Sr/86Sr

values at the NW and SE limits of the fenland basin, than along the SW
margin of the fens, where any surface run-off is likely to derive from Jurassic
strata, including the Oxford Clay. Potentially, as the local soil substrate
(marine silt) is disconnected from underlying solid geology, some form of
‘groundwater effect’ may account the divergent vegetation–stream water
values.

131

5.4.5 Conclusions
It is proposed that, in its present form the silt fen is likely to represent
single, relatively homogenous biosphere domain compared to adjacent
regions, where the angle of dip of the surrounding bedrock geology exposes
numerous rock formations. Although the data are broadly consistent with this
hypothesis, it could probably only be confirmed by undertaking a higherdensity sampling exercise. Nonetheless, the data suggest that a seawater
87

Sr/86Sr value of approximately 0.7092 probably constrains the lower limit of

normal biosphere

87

Sr/86Sr variation within this region. However, around the

margins of the basin biosphere values may be influenced more strongly by a
variety of superficial deposits, and the emerging solid geological formations
which ultimately underlie the region. This may also lead to a contrast
between the SW fenland margins (influenced by Jurassic rocks) and those
areas NE and SW (Influenced by the Chalk).
A significant factor in the archaeology of this region is the extent to
which the character fenland basin environment has changed over time.
Artificial drainage and sea banks maintain it in its current state. However, the
location of the edge of the silt fen has changed over time, as has the extent
of the peat fen. As the peat fen represents a fresh-water environment, it is
likely that it has always been influenced by surface run-off, and groundwater
discharge from the surrounding geological formations. However, the silt fen
has, for long periods, been influenced more strongly by marine conditions
than it is today. As the silt-fen has been reclaimed from inter-tidal salt-marsh
it is likely that in the past, biosphere

87

Sr/86Sr values were more strongly

constrained by greater levels of marine input. As a maritime influence has
been shown to have a distinctive effect on the principal light isotope systems
used in human dietary and migration studies, including δ15N and δ13C
(Fischer et al. 2007 ; Britton et al. 2008) and δ34S (Craig et al. 2006 ; Privat et
al. 2007) it may be productive to address biosphere variation in this region
archaeologically.
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