
ART. I - The dates of human impacts on the environment at Ehenside Tarn, Cumbria.
By D. WALKER

EHENSIDE Tarn in Cumbria (NY 003071, c.30 m OD) has figured
consistently in British prehistory since Darbishire (1874) described artefacts
found on the lake shore, shortly after its drainage in 1869, and in its

sediments, which he excavated in 1871. Two of these, "unpolished stone celts",
were later recognised as having originated in the Langdale axe factories and
attributed to the Secondary Neolithic (Piggott, 1954). The reported association of
these axes and several wooden objects with a specified stratigraphic layer tempted
speculation about the possibility of finding more artefacts, perhaps even structures,
preserved in the water-logged deposits and of using the latter as a source of
information about the environment at the time of human settlement through pollen
analysis (palynology).

To these ends, an excavation was carried out in 1957 on the initiative of Mr Brian
Blake and directed by Professor S. Piggott. Two trenches, totalling about 30 m 2 ,
were dug close to the much larger excavation of 1871. Only two flint flakes, two
wooden "objects" and a piece of mediaeval pottery were recovered, which explains
why the excavation was never formally described in the archaeological literature. On
the other hand, Darbishire's (1874) stratigraphic description of the marginal
sediments was broadly confirmed, the stratigraphy of the deeper deposits described
and two pollen diagrams prepared (Walker, 1966). Among other things, these pollen
diagrams recorded a sequence of changes in the local vegetation which could only
reasonably be attributed to human activities. Samples were also collected for
radiocarbon dating of these vegetation changes but other pressures on the
Cambridge dating laboratory, and my own move to Australia, meant that they were
not analysed in time for the publication in 1966. Accordingly, the chronology
applied to the interpretation of the Ehenside Tarn stratigraphy and pollen analyses,
and thereby to the human prehistory of the locality, was based on palynological
(pollen analytical) comparison with the radiocarbon dated site of Scaleby Moss, 69
km to the north-east (Godwin et al., 1957) and the historically authenticated date of
the topmost clay.

In 1991 I recovered the radiocarbon samples, still in their original plastic bags,
from the Godwin Laboratory, Cambridge, through the kindness of Dr V. R. Switsur,
and they were subsequently analysed in the Quaternary Dating Research Centre of
the Australian National University. This paper is about the interpretation of the
resulting ages and its application to the stratigraphy, vegetation history and human
prehistory of the Ehenside area. Detailed descriptions and discussion covered in
Walker (1966) will not be reiterated here and references to that work will, for
brevity, be placed in square brackets, thus [pp. 82-118, 181-203] .

Stratigraphy and pollen analysis

The general stratigraphy was investigated by two intersecting lines of borings
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2 EHENSIDE TARN

[pp. 83, 87] . At their thickest (c.8 m), the sediments consist of a grey, sandy, clay-
mud (apparently underlain by organic lake mud) below about 7 m of fine detritus
mud (the lower 4 m with wood fragments), crossed by a layer of fine sandy mud 60
to 80 cm above its base, depending on location. Towards the edges of the basin the
layers become attenuated and their detrital content coarser. Pollen diagram A [pp.
93-95] was constructed from samples collected from the corer in the field close to
the greatest thickness of sediments encountered.

The stratigraphy measured on the face of one of the archaeological trenches
shows organic deposits overlying the gently sloping, disturbed and redistributed,
glacial drift [pp. 88-91]. At the lakeward end of the trench, fine detritus mud, mixed
with "flames" of clay from beneath, forms the lowermost 50 cm of organic deposit.
It is overlaid by about 15 cm of compact coarse detritus mud, rich in
dicotyledonous, mostly tree, leaves, which thickens landward before petering out
near the basin's edge; it is the equivalent of Darbishire's (1874) "bed of leaves,
without twigs or branches", which he found to be archaeologically barren. This layer
is everywhere covered by a band of sand which, toward the landward end of the
trench, becomes increasingly coarse and mixed with pebbles and, ultimately,

FIG. 1. Locations of the sites mentioned in the text. B = Barfield, Eh = Ehenside, Es = Eskmeals,
L = Langdale Pikes, W = White Moss. Stippled areas are main areas of land above 100 m above sea level.
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EHENSIDE TARN 3

boulders; particularly in its upper parts, it is associated with a mass of tree trunks
and brushwood in which some of the boulders lie. Although the trunk butts are
sometimes tapered, they bear no axe marks, yet they have the superficial appearance
of a very rough "platform" and, together with the mud in which they lie, are the
stratigraphic equivalent of Darbishire's (1874) "forest bed" with which his artefacts
were associated. At the lakeward end of the section, the wood layer is surmounted
by fine detritus mud giving way to coarse detritus mud, together measuring about 60
cm thick, and then to disturbed surface soil. A monolith of these deposits was
collected from a point at the lakeward end of the archaeological excavation where
any sort of disturbance seemed minimal but association with the described
stratigraphy was unequivocal. Samples used for the construction of pollen diagram B
[pp. 98-99] were cut from this sediment column in the laboratory. The depth scales
of both diagrams are measured from a common site datum; the tops of diagrams A
and B lie at 130 cm and 40 cm respectively on this scale.

Many features of the two pollen diagrams are very similar. They establish that, as
compared with diagram A, there is a gap in diagram B beginning at the sand layer.
Comparability is re-established between levels a few centimetres higher in diagram B
but about 450 cm higher in diagram A.

Pollen diagram A begins at the end of Zone V of the British pollen sequence.
Zone VIIa opens 60 cm higher and the intervening mud is sandy and may not
represent continuous sedimentation. The first indications of human disturbance of
the vegetation, the earliest appearances of heliophilous herbs, occur in Zone VIIa.
Thereafter, the total quantity of these indicators rises and falls making five

more-or-less distinct stages in which increasing clearance is designated by a single capital
letter (e.g. D) and decreasing impact by the capital followed by the same letter in
lower case (e.g. Dd). The published chronology put the beginning of this sequence
at about 4000 B.C. (Stage A) and the end of it during the nineteenth century A.D.
(Stage Ee) [pp. 189-202] .

Pollen diagram B begins late in Zone VI. The following Zone VIIa, represented
mainly by the leafy coarse detritus mud, extends for about 56 cm before being
truncated at the position of the sand layer. Apparently uninterrupted pollen
deposition begins again only 4.5 cm higher but with undeniable palynological
characteristics identifying this with interference Stage Dd in pollen diagram A.
According to the published chronology, this hiatus in deposition at the tarn's edge,
closely associated with the "platform", represented the period from about 3800 B.C.
to about A.D. 800.

Radiocarbon dating

Methods

Samples for radiocarbon analysis were cut as horizontal slices, each 2.0 cm thick,
from the same monolith as that which provided pollen diagram B. Sampling levels
were chosen in relation to the main palynological horizons of that diagram and to
the stratigraphic break represented by the palynological hiatus. Usually, a sample
was taken from below and another from above each feature. Samples were not taken
from the core yielding pollen diagram A because the sample size required at the time
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TABLE 1. "Macroscopic" materials from radiocarbon dating samples from Ehenside Tarn, identified in 1993.
Scale: 1 = very rare, 2 = rare, 3 = occasional, 4 = frequent, 5 = common, 6 = abundant.

Sample code
ANU dating code
Mid level, cm

E1
10683

169

E2
10684

167

E3
10685

165

E4
8176
122

E5
10686

120

E6
8177
108

E7
10687

106

E8
10688

100

E89
10689

98

El0
10690

96

Ell
10691

82

E12
10692

78

E13
10693

57

E14
10694

53

Carex nutlets 1
Juncus seeds 1
Insect fragments 1
Sphagnum leaves 1
Rootlets 1 1 1 1 2 2 2 1 1 1 1 1
Dicotyledonous leaf fragments 1 2 3 1
Monocotyledonous fragts, <1 cm 2 4 2 2 2 2 2
Wood, cells 3
Wood, <.5 cm 3 3 2 2
Wood, >.5 cm 3,4 3 1 1
Unidentified plant fragts, <1 mm 6 6 6 6 6 6 5 6 6 6 1 1 6 6
Unidentified plant fragts, >1 mm >1 cm 3 5 4 2 2 2 4 6 2 2
Large organic concretions, secondary 6 6 6 6 2 5 6 6 3

Clay 6 6 6 6 6
Silt 2 2 6 5 4 3 5 6 6 5
Silty concretions, white, <10011 5 5 5
Silty concretions, black, <10011 6 6
Orange, sub-angular, sand, c.1 mm 1
Translucent, white, fine quartz sand 3 3 6 5 5 3 5 5 4
Coarse sand 3 3 5
Gravel 2

Liquor colour (in water only) v It brn dk brn slight slight It brn It grey It brn It brn
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TABLE 2. Radiocarbon dates from Ehenside Tarn with respect to levels in pollen diagram B (marginal section).
STRATIGRAPHIC SERIES
Sample Pollen context^Levels (diagram B),^cm^Dating code^Sol/
code^(pollen diagram B)^Top^Base^Mid^ANU^/Insol

Age as reported, years BP
Mid^1 6

Calibrated age span, ±2a
A.D./B.C.^Mid^Old Young

E 14^Above ^max^ 52^54^53^10694 Sol 1470 110 A.D. 572 342 789
E 14^Above E max^ 52^54^53^10694 Insol 1210 50 A.D. 828 690 906
E 13^Below E max^ 56^58^57^10693 Sol 840 110 A.D. 1173 998 1390
E 13^Below E max^ 56^58^57^10693 Insol 1200 60 A.D. 838 692 971
E 12^Above Humulus max^77^79^78^10692 Sol 2210 90 B.C. 243 405 7
E 12^Above Humulus max^77^79^78^10692 Insol 2620 50 B.C. 803 868 549
E 11^Below Humulus max^81^83^82^10691 Sol 2480 70

pooled B.C. 580 763 405
E 11^Below Humulus max^81^83^82^10691 Insol 2420 60
E 10^End Dd^ 95^97^96^10690 Sol 4750 70

pooled B.C. 3546 3648 3379
E 10^End Dd^ 95^97^96^10690 Insol 4800 60
E 9^Dd^ 97^99^98^10689 Sol 4870 60

pooled B.C. 3577 3659 3502
E 9^Dd^ 97^99^98^10689 Insol 4710 60
E 8^Dd^ 99^101^100^10688 Sol 4690 70

pooled B.C. 3450 3627 3368
E 8^Dd^ 99^101^100^10688 Insol 4730 60
E 7^Above discontinuity^105^107^106^10687 Sol 3320 60 B.C. 1594 1737 1450
E 7^Above discontinuity^105^107^106^10687 Insol 3380 60 B.C. 2338 2487 2143
E 6^Above discontinuity^107^109^108^8177 Sol 4970 60 B.C. 3772 3940 3645
E 6^Above discontinuity^107^109^108^8177 Insol 5260 60 B.C. 4091 4230 3967
E 5^Below hiatus, early A.^119^121^120^10686 Sol 5000 60 B.C. 3806 3947 3668
E 5^Below hiatus, early A.^119^121^120^10686 Insol 5250 60 B.C. 4083 4228 3963
E 4^Below hiatus, earliest A.^121^123^122^8176 Sol 4910 70 B.C. 3706 3934 3525
E 4^Below hiatus, earliest A.^121^123^122^8176 Insol 5210 70 B.C. 4037 4228 3809
E 3^Early Vlla^ 164^166^165^10685 Sol 5740 60 B.C. 4596 4758 4461
E 3^Early Vlla^ 164^166^165^10685 Insol 5980 60 B.C. 4869 5001 4724
E 2^Early Vlla^ 166^168^167^10684 Sol 5970 60

pooled B.C. 4864 4943 4781
E 2^Early Vlla^ 166^168^167^10684 Insol 5990 60
E 1^Early Vlla^ 168^170^169^10683 Sol 6000 70 B.C. 4895 5061 4725
E 1^Early Vlla^ 168^170^169^10683 Insol 6190 60 B.C. 5123 5252 4966
OTHER DETERMINATIONS
"Stake" through timbers of hiatus layer at an angle; collected 1957 excavation 4051 115

(Godwin & Willis 1960). Q303 pooled B.C. 2665 2877 2463
As last entry, same stick. 4125 115

LO
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6 EHENSIDE TARN

would have had a long vertical extent, making its age difficult to associate with the
chosen palynological feature. Two determinations were also made on a stick
penetrating the timbers of the "platform" at a steep angle (Godwin and Willis, 1960)
[p. 102] . Two other dates are also available from Ehenside, one (Arnold and Libby,
1951) of uncertain provenance and another (Barker and Mackey, 1961) from a piece
of a wooden implement collected during Darbishire's (1874) investigations [p. 102] .

Each sample from the monolith was air dried and placed in a stout plastic bag
together with a plastic label and sealed at the time of sampling. When recovered
thirty-three years later the bags were still sealed and samples and labels intact. There
was no sign of fungal growth but some bacterial modification of the samples cannot
be ruled out.

Before dating, the positions of the radiocarbon samples in relation to pollen
diagram B were checked by soaking about 2 ml of each untreated sample in water
for some weeks, gently breaking it apart, then examining it under a microscope at
x 10 magnification. The results (Table 1) are similar to those from the "macroscopic
remains" of the pollen samples at the relevant depths as recorded in 1957.

About half of each radiocarbon sample was treated with a 2% molar solution of
sodium hydroxide at 60°C and the resulting solids and solution mixture separated
by centrifugation. The treatment was repeated until the solution was only a light
straw-colour (Munsell 10 YR 7/4). All the supernatants were combined and their
humic content reprecipitated by dilute hydrochloric acid. In this way, each original
sample yielded two fractions, "insoluble" and "soluble'. The purpose of this was to
separate the naturally decomposed organic material, including that washed into the
lake and the fine organic lake sediment, from the more resistant components, mostly
stems and leaves which had grown in the lake shallows or had washed in from the
shore. The two fractions are not necessarily of the same age. Following this
separation, each fraction was separately analysed by liquid scintillation technique as
described in Gupta and Polach (1985). The results are shown in Table 2; in text
discussion, dates are all rounded to the nearest decade.

Radiocarbon ages as reported by the determining laboratory all carry some
measured uncertainty, usually reported as an "error" about a central number. The
range represented by this "±16" span is that within which 68% of a large number of
independent tests of the sample's age would fall. Because the radiocarbon content of
the atmosphere has not been strictly constant through time, the initial radiocarbon
dates are usually "calibrated" (corrected) against a time scale derived from annual
growth rings of trees (the "dendrochronological" scale), the radiocarbon content of
which has been determined. This calibration process also involves uncertainties
which must be combined with those in the original measurement. In the current
work the result is described as a central number with an "error" of ±2G, i.e. the age
span within which 95% of independent measurements would fall. Because the curve
relating tree-ring ages to radiocarbon ages is wiggly here and there, its use to
calibrate the ages of archaeological or geological samples can sometimes lead to
several possible, but slightly different, ages for a single sample. A choice then has to
be made on a variety of bases appropriate to the sample in question but which, in
the current work, do not seriously affect the date attributed to the sample. In the
text, the central number of the span of each sample's age, designated as B.C. or
A.D., is treated as its best single estimate (bse). (Technically, in this work,
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EHENSIDE TARN 7

calibration of the radiocarbon ages against the dendrochronological time-scale is
carried out using the "decadal set" of Stuiver and Reimer (1993), adopting the ±26
"error" ranges which contain the greatest proportion (always >0.9) of the probability
density function. In the rare cases of doubt as to the appropriate ±26 range, the
widest limits are used. The most likely estimate of the true age is usually the
intersect within the ±26 span. The same method is applied to the radiocarbon ages
from other sites unless otherwise noted). In those cases (E2, 8, 9, 10, 11) in which
the two ages are statistically inseparable (Z <1.96, implying a probability that the
values are statistically distinguishable from each other of less than 5%), the two are
combined to provide a pooled age and "error" for the sample, and all further age
manipulations are performed on this; in all other cases the results from the two
fractions are treated separately. For samples for which soluble and insoluble
fractions are separately calibrated, some of the within-sample (between fraction)
difference may be due to heterogeneity of the original material. In all but one of
them (E14) the insoluble fraction is older than the soluble and the differences
between the bse ages of fractions of a sample lie between 228 and 335 years (average
294, number of cases = 6) in all except samples E7 and E12 where it is 744 and 560
years respectively.

The implications of these differences in the allocation of a "true" age to a
sampled level are discussed for individual cases below.

Dates, sample composition and stratigraphy

The sample dates fall into three groups: El, 2, 3 (5200-4600 B.C.), E4, 5, 6, 8, 9,
10 (4200-3400 B.C.) and E11, 12, 13, 14 (1000 B.C.-1000 A.D.). Sample E7 is
chronologically aberrant, about a thousand years younger than the rest of the middle
group (above) to which it belongs stratigraphically. In the following discussion,
stratigraphic and compositional comments refer to Figure 2 and Table 1
respectively.

Samples El, 2 and 3

These are all very organic, the lower two containing some silt. E3 contains more
wood than the other two and probably lies athwart the transition from organic lake
mud to the coarse, leafy, detritus mud above it. Comparing like fractions in El and
E3, the group spans the period 5250-4720 B.C. (insoluble) or 5060-4460 B.C.
(soluble) . The mid-points between the fraction dates in El and E3 and the single
bse for E2 fall on a straight line, which indicates an accumulation rate of about
0.008 cm/year through the 6 cm interval.

Samples E4 and 5

These samples are drawn from the leafy coarse detritus mud close below the sand
layer. E4 is entirely organic and very decomposed; alone among all the radiocarbon
samples it produces a dark brown solution merely on shaking in boiling water. By
contrast, E5 contains a few wood fragments, some fine and coarse sand and small
concretions of organic mud. While E4 represents the undisturbed upper part of the

 
 
tcwaas_003_2001_vol1_0003



8 EHENSIDE TARN

leafy mud, E5 may contain some material redistributed as a prelude to the
deposition of the sand layer. Comparing like fractions, the dates for the two samples
are closely similar, those for E5 being the older by 50 years (insolubles) and 100
years (solubles); the differences between the fractions of each sample (330 years in
E4, 280 years in E5) exceeds these. Together, these samples justify a bse of about
3900 B.C. as the oldest possible age for the sand layer.

Samples E6, 8, 9 and 10

All these lie above the stratigraphic hiatus identified by comparison between pollen
diagrams A and B. E6 differs from the rest, and is very similar to E5 in its paucity of
plant fragments and absence of silt. Although 10 cm apart vertically, the dates of E6
and E5, like fractions compared, are virtually the same, suggesting either very rapid
sediment accumulation or redistributed material, older than the true age of
deposition, in E6. Samples E8, 9 and 10 give a homogeneous group of dates and
those of the fractions of each sample are statistically inseparable. Together they
indicate a date of about 3520 B.C. for their mid-depth of 98 cm in pollen diagram
B. These samples differ in composition from those of deeper levels in the variety of
size of their plant fragments and, more importantly, in their substantial silt content.
Further interpretation is confounded by the date of E7 (see below) .

Samples 11, 12, 13 and 14

These all contain abundant clay and silty concretions, both of which suggest inwash
of sediment from only sparsely vegetated shores. In the stratigraphic column, all lie
in fine detritus lake mud indicative of open water at the site of the sampled
monolith.

The original radiocarbon measurements of the fractions of Ell are very similar;
the large uncertainty on the calibrated age of their pooled mean is imposed by the
calibration curve. On the other hand, the two fractions of E 12 are quite distinct in
age and calibration of the measurement for the insoluble fraction provides two
probability density spreads, which do not overlap. This, and the difference between
the ages of the two fractions, point to the possibility that sample El2 is a mixture in
which the insoluble fraction is, at least partly, detritus predating the time of the
sample's deposition.

El 1  and 12 lie below and above the peak of the Cannabis (hemp) pollen curve,
formerly allocated to Humulus-Cannabis (hop or hemp) but now more precisely
identified (after Churchill in Godwin, 1967). Using the age of its soluble fraction for
E12, brackets that peak between bse ages of 580 and 240 B.C. The peak itself, by
interpolation, dates to 410 B.C. with an estimated ±2G "error" of about ±190 years.
E 14 is unique in being the only sample from the site in which the soluble fraction is
older than the insoluble fraction. Nevertheless, the original measurements are only
slightly different and, even after calibration, their ±26 "error" spans overlap. The
calibrated ages of the insoluble fractions of E 14 and E 13 are virtually identical,
whereas those of their soluble fractions are quite different, the stratigraphically lower
of the two (E13) being the younger by about 600 years bse. The two samples
embrace the maximum of human impact Stage E in pollen diagram B. Given the
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EHENSIDE TARN 9

dating ambiguities already described, this peak might conservatively be placed
anywhere between the extreme ±26 limits of all four fractions, that is between A.D.
340 and 1390; a more daring approach would be to use the mean of the four bse
ages at A.D. 850.

Sample E7

This sample comes from the "fine to coarse twiggy detritus in lake mud" (field notes
on sampled monolith). Its composition differs from that of E6, contiguously below,
E7 containing abundant clay and silt, more fine sand and some gravel but fewer
organic concretions. Particularly by virtue of its clay content, E7 compares better
with samples Ell and 12 than with the intervening samples E8, 9, 10. The ages of
its fractions, before and after calibration, are at least a thousand years younger than
those of E6 and of E8, 9 and 10.

The age difference between the two fractions of E7, before and after calibration,
is greater than that for any other sample; the insoluble fraction is the older by 740
years, bse, and the closest limits of the ±2G "errors" are 410 years apart. This
suggests a mixed origin for the sample. If the age of the soluble, younger, fraction
was due to the intrusion of material from well above the sample's depth, it has left
no evidence in the sample's composition and did not affect the dates of the
intervening samples E8, 9 and 10. The greater age of the insoluble fraction,
however, may be due to older woody material exposed at the deposit's margins and
washed in to the sampled position together with the clay, silt and gravel that E7
contains. Alternatively, older material may have been recruited to the E7 sample
from immediately below it (E6) at the time of deposition. Without regard to the age
difference between the fractions of E7, the sample's relative youth has implications
for the interpretation of dates and depositional events above and below it. The
argument against the soluble (younger) fraction being intrusive from above applies
also to the sample as a whole. It is hardly possible to suppose that the E7 material is
younger than that of the date of deposition of E8-10, despite the near identity of the
radiocarbon ages of the latter group's materials. It is more likely that the E8-10
sediment is the product of relocation of more marginal, vertically higher, material,
originally accumulated at or before the date indicated by the radiocarbon analyses,
about 3520 B.C. A similar origin has already been suggested for sample E6 and, in
the absence of a major stratigraphic discontinuity at its interface with E7, is
preferable to the alternative of supposing a cessation of accumulation for about 2000
years between the two samples' levels. Interpolating from the regression of bse age
on depth (i.e. the mathematical equation which best relates the two sets of variables)
for samples E7, 11, 12, 13 and 14, gives a date of about 1500 B.C. for the upper
boundary of sample E10, the date to which, following the above arguments,
relocation of previously accreted organic material went on, continuously or
discontinuously.

Development of the marginal site

The most probable interpretation of all these dates and the sediments from which
they are drawn is as follows.
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10 EHENSIDE TARN

(a) A marginal swamp began to develop at about 4900 B.C. close to a fringing
forest, leaves and twigs from which contributed to the accumulating deposits.
This continued for a thousand years or more.

(b) Between 3900 and 1500 B.C., regular sedimentation was interrupted at least
twice (evidenced by redistribution of material above and below sample E7), and
probably more often. The first stratigraphic indicator of this is the sand layer at
115 cm in the sampled monolith. The 20 cm of mud above this are related to
the timber "platform", and those boulders associated with it, further up the
slope. The chronology of this association is not clear, particularly as some
components may have sunk slightly into the pre-deposited sediment. Erosion of
the basin edge deposits is certainly indicated but whether by natural or human
agents is not established. The presence of old, relocated material below and
above 105-107 cm (E7) renders implausible any suggestion that a single
disturbance event was wholly responsible. Lack of radiocarbon ages for the
more-or-less horizontal timbers of the "platform" make its dating impossible
except that it must lie between 3900 B.C. (the beginning of the period) and
2660 B.C. (the radiocarbon age of the stake penetrating the timbers from
above). The apparent cessation of disturbance, as judged from the radiocarbon
dates, lies at 95 cm (1500 B.C.) close to the reduction of twiggy detritus at the
monolith site and the spread of fine detritus mud towards the basin's edge. This
indicates a rise in water level, the newly accumulated mud sealing the old
organic deposits from further erosion [p. 115] .

(c) From about 1500 B.C. to A.D. 300 (by extrapolation of the regression from 50
to 40 cm), fine detritus mud accumulated at the monolith site, indicating open
water there, and a reed swamp developed a few metres landward of it in the
second half of the period. Silt and clay (and in the final 800 years, sand) in the
mud indicate at least periodic inwash from shores, largely of exposed mineral
soil. Sedimentation terminated in A.D. 1869 when the farmer attempted
reclamation, the clay of which seals the site.

Application of the chronology to pollen diagram A

Extending the application of the radiocarbon-based dates to the history of the local
and regional land vegetation is best achieved by first transferring them to pollen
diagram A, constructed from deposits about 32 m west from the dated monolith.
The sediment there is 7.5 m thick and, apart from the uppermost 24 cm of
disturbed gravelly mud (the "reclamation" material) and 46 cm of rootlet-rich
coarse detritus mud immediately beneath, it is lake mud with fine detrital inclusions
at some levels [pp. 92-96], all laid down beneath open water. There is no
stratigraphic indication that this part of the tarn ever dried out once sedimentation
had begun and it is difficult to imagine that erosion could have occurred, there being
no deeper place to which material might have been carried.

The radiocarbon dates are allocated to levels in pollen diagram A (Fig. 3) by
correlation of palynological features in the two pollen diagrams (Figs. 4, 5). These
features, as related to samples El, 2 and 3 in diagram B, are difficult to equate
accurately with those in diagram A, mainly because of the extreme abbreviation of
the early pollen zones in the latter, associated with the indications of sediment
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code
2 0 1 2 3 4 5
1 1 1 1 1 1 1 1^1

40 100

14 I
13 I

60 200

80 ►
12
11

I I
O 300

10

►
I^I

I^I^I I

1 1 1 1 1
2

AD o BC
1 2 3 4 5

Thousands of years, calibrated
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12 EHENSIDE TARN

mixing in this the deepest 70 cm. of the tarn deposits. The equivalent position of
this group of samples could lie anywhere between 760 and 795 cm in diagram A; as
a compromise, the mean of their bse dates, 4900 B.C., is set at 780 cm, early in
British Zone VIIa and consistent with the former chronology [p. 175] .

Samples E4 and 5 are equated with about 750 cm in diagram A and their mean
bse date, 3900 B.C., adopted for that level.

The uncertainty about the relationship between the radiocarbon ages of samples
E6, 8, 9 and 10 and their true dates of deposition, makes it impossible to use them
in diagram A. Sample E7 is identified with 300 cm in diagram A, particularly by the
features of the pollen curves for Poaceae (grasses), Plantago (plantain), Rumex
(dock), Cannabis (hemp), Linum usitatissimum (flax) and Ulex (gorse). For reasons
already discussed, the age of the insoluble fraction of E7 is preferred to that of its
soluble counterpart and its bse date of 1600 B.C. is attributed to the 300 cm level in
diagram A.

Samples El 1 and 12 lie, respectively, 2 cm (mid-levels) below and above the
strong maximum of Cannabis in diagram B. This peak is clearly identifiable in
diagram A and the general shapes of the curves are similar in both diagrams. Despite
this, it is difficult exactly to specify levels in diagram A to which the dates for the two
samples should be allocated. Instead, the age of the Cannabis maximum in diagram
B is estimated by interpolation as 410 B.C. and this is applied to the level of the
equivalent peak, 220 cm, in diagram A.

The problems of allocating an age to the maximum of the last interference stage
(Stage E), which is embraced by samples E13 and 14 in diagram B, have been
discussed above. For the present purpose, the only practical choice is to take the
mean of the bse ages of all four fractions, namely 850 A.D., remembering that it
might truly be 500 years older or younger than this. The age is allocated to 170 cm
in diagram A.

The straight-line regression relating depth to age for the five points on diagram A
selected above, fits the actual values very well (coefficient of determination 0.94 on a
scale of —1 to +1). It indicates bse dates of 2190 B.C. for the upper limit of more
detrital lake mud (470 cm), 3440 B.C. for the hypothesised equivalent of part of the
"platform" (630 cm) and 4120 B.C. for the sand layer beneath it (717.5 cm). The
last is within the ±2G span of E5, the sample beneath the supposedly equivalent
layer in diagram B. Despite the nominally good fit, however, the regression is
unacceptable as a predictor of ages throughout the depth of diagram A. For levels
equivalent to samples E7, 13 and 14, it predicts bse dates outside the ±26 bounds
attributed to each of them by conservative estimates from related values in diagram
B. Overall, taking the sediment composition differences into consideration, it seems
unrealistic to depend on the simplistic application of a single, regression-determined,
accumulation rate for the whole of diagram A.

The preferred position of the E1-3 equivalent (780 cm) is above the most diverse
sediments at the base of diagram A. The position of the E4-5 equivalent is
confidently placed at 750 cm. A straight line between these two predicts an age of
2700 B.C. for the sand layer. Using the lowest possible level of the E1-3 equivalent
(795 cm) changes the prediction for the sand layer age to 3200 B.C. Both these
dates are younger than both fractions of sample E5, the top of which is only 4 cm
beneath the sand layer in diagram B, by 600 to 1000 years but are preferable
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estimates of the sand layer's age because they are less likely to have been influenced
by erosion above the levels of the samples. Because the sediment changes above the
sand layer, it is not possible to extrapolate for ages of levels above it.

The uppermost three ages plotted against their levels correspond almost exactly
with their regression predictions (coefficient of determination = 0.98) partly, of
course, in consequence of their small number. Given the very strong palynological
similarities between the two pollen diagrams on which the transfer of these ages is
based, it seems best to retain these dates unaltered for the features they mark and to
use the regression to interpolate ages for levels between them. The question then
arises as to how far downward, below the E7 equivalent, it is safe to extrapolate the
same accumulation rate. Statistically unsound as any such extrapolation is, the risk
of error is also practically unwarranted below 340 cm (2420 B.C.), the level at which
the balance between Betula (birch) and Alnus (alder) pollen changes and above
which less fertile conditions, and therefore changed sedimentation processes,
developed around the tarn.

These arguments leave the interval from about 3000 B.C. to 2420 B.C. (717 to
340 cm) occupied by 377 cm of sediment, implying an unusually rapid accum-
ulation rate of 0.65 cm/year. The only way effectively to change this estimate would
be to accept the radiocarbon ages of samples E8, 9 and 10 as true representations of
their dates of deposition at the monolith site, but this would only shift the rapid
accumulation to a period above their level. There is no apparent reason why this
should have been the case then, whereas tree-fall around the tarn during the earlier
interval, and erosion associated with husbandry and agriculture in its catchment,
provide possible sources for the rapidly accumulated mud in the deeper water of the
tarn. At the smaller, artificial, stream-fed Ponsonby Tarn, 5 km south-east from
Ehenside, a similar rate of fine sediment accumulation occurred between 1940 and
1986 A.D., possibly partly attributable to clear felling of woodland in its catchment
(Oldfield et al., 1999).

Local summary

For the period before the deposition of the sand layer, little can be added to the
earlier interpretation [p. 114] . The impression is of a small unproductive lake closely
surrounded by forest. After the sand layer had been deposited, conditions changed,
quite abruptly if the record of diagram A can be trusted unquestioningly at this
point. Change had, in fact, been heralded just before this (4000 B.C. by the old
estimate [p. 190] or 3870 B.C. by the new), by the first indications of forest
clearance, particularly of Betula and Ulmus (elm). The continuous replacement of
part of the dry land forest by open ground and patches of shrubs which followed was
episodic in its severity, and accompanied by an acceleration of mud accumulation in
the lake's deeps until about 2400 B.C. (340 cm in diagram A, earlier estimated as
dating to the Roman occupation [p. 201]), when the sedimentation rate slowed. The
timbers and associated boulders of the marginal excavation, which belong to some
time in this period of rapid accumulation, suggest that activities around the lake's
edges were the sources of detritus which sustained it in the deeper part of the tarn.
There is no indication in diagram A, or in the sediment from which it is derived, of
any eutrophicating developments in the lake in general which might have led to
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rapid sediment creation. Although dates cannot be ascribed confidently to any point
within this period, it is possible that some deceleration of accretion is indicated at
about 470 cm in diagram A, above which the quantities of coarse detritus, including
wood fragments, were reduced.

After 2400 B.C., some redistribution of older material took place at the margins;
generally the sediment there contained more clay and silt than immediately before.
Evidence adduced from macroscopic remains and both pollen diagrams [p. 117]
suggests the onset of greater oligotrophy; open water with patches of sedges,
Potamogeton (pond weed), Myriophyllum (water milfoil) and Sphagnum (sphagnum

moss) in the shallows. The land surrounding the basin was more-or-less treeless.
The onset of this period now seems to be much earlier than previously supposed.
Extrapolation of the regression of age on depth through the bse estimates for the
upper three dated levels in diagram A gives an age of A.D. for the base of the surface
clay spread, historically dated to 1869 A.D., without any allowance for change in
sediment composition. Both pollen diagrams terminate at about 1450 A.D.

Implications regarding human settlement

If, as seems likely [p. 91], Darbishire's (1874) "bed of leaves" is the same as the
leafy detritus mud at the tarn's edge, the artefacts which he recorded from the
surface of the leaf bed [an "unpolished stone celt" and a "bow-shaped oak object"]
must be younger than 3900 B.C. The people to whom they belonged may have
participated in the earliest forest clearing [stage A] . On the other hand, the artefacts
might have fallen from Darbishire's (1874) "forest bed" above (the woody detritus
mud, including the "platform" and cobbles, of the 1957 excavation) and, therefore,
like the artefacts he attributed directly to that bed (including a second "unpolished
stone celt" and two "wooden clubs"), might belong to any time between 3900 B.C.
and about 1500 B.C. (95 cm, diagram B).

The unfinished stone axes originated in the Langdale Fells or nearby sites about
30 km east from Ehenside. Two radiocarbon analyses of charcoal associated with
debitage at Harrison Stickle (BM 2625, 2626) yielded statistically near-identical
results, the calibration of their pooled mean leading to a ±2G spread from 3630 to
3720 B.C. Activity at Top Buttress is bracketed by two statistically dissimilar ages
(BM 2627, 2628) which, after calibration, set that activity between 3100 and 3645
B.C. Thunacar Knott, probably a roughout finishing site, provides the youngest date
of all, somewhere in the period 2850 to 3250 B.C. (Ambers and Bowman, 1994;
Bradley and Edmonds, 1993). Certainty, therefore, the axe mining period in the
High Fells falls within that to which the Ehenside roughouts are now attributed and
at least one of them, if it is truly in situ on the surface of the "leaf bed", belongs to
the early part of that period.

The circumstantial evidence for supposing the "platform" to be in some sense a
product of human activity is set out in detail in the earlier publication [pp. 115-116].
Nothing in the present study amplifies that. While, strictly interpreted, the data do
no more than define the age of the "platform" as lying sometime between 3900 and
1500 B.C., they do prompt speculation about its more precise dating. In pollen
diagram A, macroscopic charcoal is present more-or-less continuously from 680 to
485 cm and is most abundant, together with sand, between 650 and 630 cm. This
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suggests more burning in the immediate vicinity of the tarn than at any other time.
Stretching chronological credulity to the maximum, this interval in diagram A might
lie between 3000 and 2600 B.C. Supposing that the main disturbances at the tarn's
edge were in that period is consistent with the date (2660 B.C.) of the "stake"
penetrating the "platform" timbers from above.

The pollen-based definitions of the "forest clearance stages" and their ecological
and economic interpretation are unchanged from those discussed in the earlier
publication [pp. 116, 189-202] but their chronology is different. More or less
continuous clearance, albeit on a small scale, began at about 3900 B.C. (Stage A,
750 cm, diagram A) and was maintained, with a short interruption, until major
intensification, together with the consistent presence of cereals, marked at 650 cm in
diagram A. The changed economy (Stage C), incorporating some agriculture into
the former grazing system, was sustained, with minor fluctuations, throughout the
period of macroscopic charcoal occurrence. Tentatively, the beginning of agriculture
at Ehenside might have been more-or-less coeval with the maximum disturbance at
the tarn's edge. The former chronology placed it at about 1600 B.C. [p. 199] but
the new one suggests a much earlier date as discussed above.

The new chronology also indicates that the trough in forest clearance indicators
(Stage Cc, diagram A) was comparatively short because prior levels (Stage C) had
been surpassed (Stage D) by 2420 B.C. (340 cm, diagram A). It can no longer be
attributed to the time of the Roman occupation [p. 201] but to some time in the
Bronze Age. The subsequent renewed clearance (Stage D), which was more
intensive than any before, was also shorter than previously estimated and must also
belong in the Bronze Age. Its demise (Stage Dd), during which shrubs more
consistently than forest trees occupied the culturally vacated land, ran from 2050 to
940 B.C. (320-260 cm, diagram A). Thereafter, reduction of forest trees resumed
with renewed intensity into and beyond the Roman occupation to reach its
maximum Holocene impact, arguably at about 850 A.D. That the period 2050 to
940 B.C. was one during which the main methods of land utilisation changed is
indicated by the consistent appearance of the pollen of Cannabis and Linum
usitatissimum (both additional to the "clearance indicators") at that time. The former
became important locally at about 760 B.C. (250 cm, diagram A), reached a
maximum at 410 B.C., and had become only a minor component by about 910
A.D. (160 cm, diagram A). Attributed earlier to Cistercian monastic activity in the
twelfth and thirteenth centuries A.D., it is now seen to belong in Iron Age and
Roman times. Depending on one's interpretation of the use of Cannabis in antiquity,
the greatest abundance of its pollen might indicate either a smoke-inspired high
point in Celtic artistry or, more prosaically, the use of the tarn edge in the retting
stage of fibre extraction from both hemp and flax (cf. Whittington and Edwards,
1989).

All these correlations between palynological
development of human culture are based on best
doing so, they neglect the measured uncertainties
radiocarbon analyses from which they derive and
Including these "errors" does not usually vitiate the
on the age of the Cannabis maximum are 600 and
taken into account in more detailed comparisons.

features and stages in the
single estimate (bse) dates. In
attached to these dates in the
in subsequent manipulations.
correlation (e.g. the ±26 limits
220 B.C.) but they need to be
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Comparisons with nearby sites

Radiocarbon dated pollen diagrams are available from Eskmeals (Bonsall et al.,
1991; Tipping, 1994; 15 km SSE), Barfield Tarn (Pennington, 1970; 21 km SSE)
and White Moss (Wimble et al., in press; 28 km SE) (Fig. 1). Those from Eskmeals
are associated, near their bases, with abundant evidence of Mesolithic occupation in
the form of surface spreads of flints and of excavated arrangements of branches and
brushwood peat, probably artefactual. Similar as the latter is, in some respects, to
the "platform" at Ehenside, its age, 4500-4000 B.C. (fide Wells and Hodgkinson, in
prep.), only just approaches the absolute maximum for the age of the Ehenside
platform and is at least a thousand years older than the more plausible date for the
latter.

Thousands of years BC, calibrated
5.5^5.0^4.5^4.4^3.5^3.0^2.5

Ehenside

        

p

 

PC

Eskmeals^
p
^

P

Barfield
?p^PC

FIG. 6. Comparison of the ages of Ulmus declines" and the earliest appearances of Plantago lanceolata
and cereal pollen at three sites in West Cumbria The time span of a block represents the 95% probability

span of the beginning of the event, not its duration. Open blocks = early Ulmus decline beginnings,
black blocks = later Ulmus decline beginnings. p = first occurrences of low or intermittent values of

P. lanceolata pollen, P = first occurrences of high and continuous values of P. lanceolata pollen.
C = first occurrences of cereal pollen.

Their new chronology allows the Ehenside pollen diagrams to contribute, with
those from Eskmeals and Barfield Tarn, to the elucidation of the timing of "elm
declines" in the area and their relations with early grazing indicators (Fig. 6) . In the
main pollen diagram from Eskmeals (Williamson's Moss; Tipping, 1994), the first
fall in Ulmus pollen is coincident with the age of the excavated putative structures,
namely 4400 B.C. Diagram B from Ehenside, in which the relevant period is better
represented than in diagram A, has indications of still earlier fluctuations in Ulmus
values. Although it is difficult to be sure that these are not artefacts of the pollen
analyses, particularly the use of relative percentages and sparse sampling, the one at
about 5000 B.C. (169 cm, diagram B) is relatively convincing. Short-term
fluctuations in the abundance of Ulmus from time-to-time and place-to-place in a
dry-land forest of naturally patchy composition [p. 176] can be explained by changes
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in the multiplicity of factors (e.g. small climatic changes, soil development) which
affected its environment, particularly in ecotones with other forest dominants. The
activities of Mesolithic people must have been amongst these factors, just as people
who, at the present day, draw on their "natural" surroundings for much of their
food, exert direct and indirect selective pressures on them. Whether or not a
diminution in the proportion of Ulmus near a pollen-analytical site became the
definitive Ulmus decline there, would depend on whether one or more factors in the
environmental mix was already sufficiently strong to prevent the regeneration of the
tree from seed parents within dispersal distance. Because of the complexity of the
environment, this could have happened at different times in different localities
provided that the anti-Ulmus factor was not capable of annihilating the regional
population irrespective of other conditions.

At about the time of the first Ulmus decline at Eskmeals there is a temporary fall
in its values at Ehenside (145 cm, diagram B) but, for reasons given above, it cannot
positively be interpreted as a true reflection of a vegetation change. Nevertheless,
traces of Plantago lanceolata (ribwort plantain) and, later, of Rumex, enter the
Ehenside record at this time, lending some support to Tipping's (1994) view that
small-scale land-taking had begun.

The second Ulmus fall at Eskmeals, at about 3640 B.C., corresponds with a level
of about 700 cm at Ehenside (diagram A). Ulmus values are already low there, their
major decline having begun at about 3900 B.C. (750 cm, diagram A), contemporary
with clearance Stage A; it continues through the short regeneration Stage Aa. It is
difficult in these, and most other, pollen diagrams to be sure that the catchments of
trees and the herbaceous plants replacing them are the same. Different stages in the
processes sustaining a shifting mosaic in the regional vegetation may sometimes be
represented at the same level in a pollen diagram. The herbaceous clearance
indicators may be close to a site but once a regional mosaic of clearings and
regeneration is established, the tree pollen might be an integration from a wider
area. The Eskmeals and Ehenside data together can be seen as evidence for the
initiation of clearings, perhaps as early as 5000 B.C., followed by the geographical
expansion of clearing imposing increasing patchiness on the region's vegetation. At
Eskmeals the system persisted, without any palynologically visible changes of
consequence, until 2500 B.C., after which the indicators of cleared land lost their
importance in the record. This is not very different from a plausible date (3000-
2600 B.C.) for the beginning of agriculture near Ehenside but no cereal pollen is
recorded from Eskmeals where the pollen diagram terminates at about 1800 B.C.

Recalculating the implications of the single radiocarbon date from Barfield Tarn
suggests the onset of forest clearing at about 4600 B.C. The beginning of the main
Ulmus decline lies at about 3850 B.C. there but this striking similarity with Ehenside
(3900 B.C.) should not be taken too seriously because, at Barfield, it corresponds
with a stratigraphic change. It is also accompanied by quantities of Plantago
lanceolata and tentatively identified cereal pollen, features which do not appear at
Ehenside until almost a thousand years later. Barfield deserves renewed investigation
including more radiocarbon dating.

At White Moss, where the record begins at about 2000 B.C., there are small
indications of temporary pastoral clearing but sustained and intensive deforestation,
associated with cereal agriculture, began between 800 and 200 B.C. Although rather
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later than a similar expansion at Ehenside (Stage E), both are indicative of a late
Iron Age surge in land utilisation.

Conclusions

Although the Ehenside pollen and stratigraphic data do not extend so far toward the
present as was formerly thought, their chronology is now sufficiently firm as to
provide a record of human exploitation of the local land and its vegetation cover
from the early Neolithic until the Roman occupation and possibly into the Anglo-
Saxon period. Not only can this now contribute to the reconstruction of the patterns
and processes of vegetation — people interactions in the West Cumbrian regions, it
can also serve as a basis for comparison with sites further north (Dumayne and
Barber, 1994; Dumayne-Peaty and Barber, 1998).

Whether the "platform" at the edge of Ehenside Tarn is wholly, partly, or not at
all a human construct is still unknown, as is its precise age. Its extent could probably
be established by systematic coring all round the lake's margins, after which quite
limited excavation, fortified by archaeologist's accumulated experience during recent
decades, might solve the problem of its origins. Its age could be established even
more easily by a few radiocarbon samples collected from small pits. Adding to the
stratified haul of artefacts would probably be a much bigger undertaking. The
excavation of 1871 covered approximately 2500 m 2 and yielded ten archaeological
objects; small wonder that the material exposed in the 30 m 2 digging of 1957 was
virtually barren.
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