Ploughzone sampling in Denmark:
isolating and interpreting site signatures
from disturbed contexts

JOHN M. STEINBERG*

Are sites in lowland Europe destroyed when they are ploughed many times? In north
Denmark, many Neolithic and Early Bronze Age sites are now reduced to just lithic
scatters, but distinctive ‘site signatures’ persist. A lithic economic prehistory from the
ploughsail is possible and instructive.

In 1990, the Thy Archaeological Project (TAP)
began an experiment to ‘excavate’ the plough-
zone. In the years that followed we refined a
methodology of recovering flakes and stone tools
by mechanically screening large, discrete sam-
ples of ploughzone soil. We quantified prehis-
toric lithic activity using the distribution of the
artefact frequencies in these samples. Our re-
sults confirm that ploughing neither completely
destroys nor homogenizes sites into background
noise. What is left after ploughing is not the
‘site’ familiar to archaeologists but rather a dis-
tinctive ‘site signature’ (Schofield 1991b). Site
signatures enlighten us about the amount and
type of lithic production that took place at each
location. The striking result of an overview of
site signatures in Thy, northern Denmark (FIG-
URE 1) is that most lithic production took place
at a relatively few locations.

Ploughzone paradoxes

In Thy, over 75% of the area is under cultiva-
tion, typical for the fertile soils of lowland
Europe {Haselgrove 1985; Lawson 1980). Cul-
tivation, primarily ploughing, destroys the top
30 cm of archaeological sites (the ploughzone)
by mixing, turning, and spreading out artefacts
and strata (¢f. Dunnell & Simek 1995; Hoffman
1985). The ploughing turns up and exposes the
artefacts and features that make identification
of prehistoric activity areas routine (Ammerman
1981; Haselgrove et al. 1985b; Mills 1985). Find-
ing sites in ploughed fields is easy, but the ar-

tefacts in the ploughzone are ‘out of context’
and nothing — it is thought — can be done
with them (Asch 1975: 187 ¢f. Dunnell & Simek
1995; Shott 1995). This is the ploughzone para-
dox.

Accordingly, the current practice in Danish
contract archaeology is to remove the disturbed
ploughzone (and most of the artefacts) to dis-
cover the truncated post-holes, pits and graves
that outline prehistoric activity in undisturbed
lower levels (e.g. Ethelberg 1991; Kristensen
1989; ¢f. Holm 1991). Shallow and ephemeral
sites (Wood & Johnson 1978) with little post-
occupational soil deposition and no sub-surface
features are found easily on ploughed agricul-
tural land, but are not investigated further than
their surface finds. Systematically excavated
sites, preserved because they are in poor agri-
cultural land or sealed by some chance proc-
esses, are the unusual ones; the shallow and
ploughed sites need not be of the same charac-
ter. We need to be able to ‘excavate’ shallow
sites in good agricultural land in order to bridge
the information gap between excavation and
survey: we need to circumvent the ploughzone
paradox.

Surface survey and the ploughzone

Surface surveys in ploughed fields are biased,
so that even very intense, accurate surveys will
not circumvent the ploughzone paradox. Sur-
face survey is so coarse that those who con-
duct surveys have shied away from the concept
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labelled A.

of a site, either in terms of habitation (Schofield
1991b) or as any useful entity at all. Although
many researchers think of site as a useful con-
cept (e.g. Binford 1982; Cherry 1984; Dancey
1981; Ford 1987; Haselgrove 1985; Schiffer et
al. 1978; Warren 1982), others involved in sur-
face survey wish to view the archaeological
record as a continuous but variable distribu-
tion of artefacts (e.g. Clark 1977; Dunnell &
Dancey 1983; Ebert 1992; Foley 1981a; 1981b;
Gaffney et al. 1985; Plog et al. 1978; contribu-
tions to Rossignol & Wandsnider 1992, espe-
cially Dunnell 1992; Thomas 1975). Surface
survey is an excellent indicator of the presence
or absence of archaeological remains. When
present, the content and meaning of these re-

mains is difficult to determine with surface
survey data alone. Surface survey usually de-
fines a landscape on the basis of artefact den-
sity, but survey can give a misguided impression
of what is in the ploughzone (Richards 1985).
Surface collection is not a methodology that al-
lows us to circumvent the ploughzone paradox.

The sample size generated by surface sur-
vey can be too small to overcome the ploughzone
paradox. The percentage of artefacts represented
on the surface ranges from 0-3% (Clark & Scho-
field 1991) to somewhat less than 15% (Frink
1984), with most authors estimating 5-6%
(Crowther 1983; Lewarch & O’Brien 1981a; 1981b;
Shott 1995). Odell & Cowan (1987) seeded a field
with artefacts and surface-collected after plough-
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ing. They recovered only 2% of the seeded ar-
tefacts and found aggregation in areas where
there was no seeded concentration. Odell &
Cowan suggest that this spurious aggregation
is probably due to the surface collection’s small
sample size. If artefact densities are high, then
small sample sizes need not be a problem, but
this is rarely the case. To recover even a few
hundred artefacts in surface survey, there must
be many thousands of artefacts present in the
ploughzone (Clark & Schofield 1991: 95).

Human tendencies make it difficult to over-
come the ploughzone paradox because artefacts
recovered during survey do not fairly repre-
sent what is on the surface (Clarke 1979; cf.
Shennan 1985: 43). Wandsnider & Camilli (1992)
found that clustered artefacts were more likely
to be recovered by field-walkers than isolated
ones, bright artefacts more often than those
matching the ground colour, and large artefacts
more often than smaller ones. Plough distur-
bance can increase this effect. Clark & Schofield
(1991) in their seeded surface collection dis-
covered artefacts in clusters tended to spread
farther (3-96 m average) than low-density scat-
ters of flint (1-71 m). This may be because clus-
ters are more visible on the surface and therefore
easily collected.

Ploughing itself makes it difficult to over-
come the ploughzone paradox. Ploughing brings
up a disproportionately high percentage of large
objects to the surface. There have been various
explanations for the size effect (Backer 1978;
Stockton 1973; c¢f. Odell & Cowan 1987), but
ploughing is partially designed to bring large
rocks and soil clods to the surface so that clods
can be disintegrated and large rocks removed
(Ammerman 1985; Baker & Schiffer 1975;
Hughes & Lampert 1979; House & Schiffer 1975;
Kouwenhoven & Terpstra 1979; Lambrick 1977;
Nartov 1984: 34). Lewarch & O’Brien (1981b)
find that artefacts seeded on the surface tend
to move farther horizontally than those in the
ploughzone soil matrix. Since larger artefacts
will tend to be brought to the surface, and ar-
tefacts on the surface will tend to move far-
ther, larger artefacts will move farther than
smaller ones. Accordingly, artefacts obtained
from the surface during fieldwalking will tend
to be larger and to have moved farther from
their original location than the average arte-
fact (for specific examples see Bowers et al. 1983;
Dunnell 1990; Roper 1976). Overall, artefacts

on the surface do not well represent artefacts
in the ploughzone.

Excavating and screening the ploughzone
provides a more accurate representation of the
site as it existed prior to ploughing (Barker 1975;
Payne 1972). Samples excavated from the
ploughzone do not have the biases inherent in
surface collections.

Finding pattern in the ploughzone

Although ploughing moves artefacts so that
their distribution over small areas becomes
fairly homogeneous, artefacts do not move
enough to destroy large-scale patterns. Our
sample size and spacing take advantage of
these movements. I assume that artefacts in
the ploughzone are evenly mixed, and there-
fore that a small unbiased sample represents
the ploughzone of the surrounding area. I
assume that what were originally discrete
lithic scatters are no longer sharply deline-
ated and are therefore detectable with widely
spaced samples. The feasibility of ploughzone
archaeology rests on these assumptions.

Homogeneity

How much ploughzone must we screen to get
a representative sample? That depends on the
homogeneity of the ploughzone. There are three
approaches to quantifying the ploughzone. First,
since there is no stratigraphy, one can imagine
all the artefacts in a single thin layer as if the
ploughzone has been deflated and measure the
density of artefacts per square metre. Second,
since the ploughzone is constantly being mixed
as if it is a fluid, we can sample from that fluid
and estimate the density of artefacts per litre.
More typically, the ploughzone is thought of
as a solid, and therefore we would measure the
artefacts per cubic metre.

Measuring in square metres assumes that all
the flakes in the ploughzone were on the sur-
face at a single time (Bradley 1987; Kintigh 1988:
961). From this point of view, what is impor-
tant is that we have a sample size (in sq. m)
large enough be representative, but small enough
not to blur distinctions; that is, not to combine
what ought to be two different samples (Kish
1967). Nance & Ball (1981), in surface pick-ups
on ploughed fields, found that 2x2-m squares
were the smallest size in which differences could
be isolated. Sample units larger than 2x2 m are
inefficient and probably mask variation.
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Archaeologists are used to thinking of arte-
fact densities per cubic metre. In this descrip-
tion of density, the amount of soil that has
accumnulated is relevant because it demonstrates
the difference between, say, a clean floor and a
midden. Unfortunately artefact density per cubic
unit of ploughzone tells us little. Allen (1991)
showed that artefact densities are unreliable
where soil has been added or subtracted. Be-
cause the ploughzone can be highly irregular,
cubic densities are hard to estimate. But we
must measure the ploughzone as some sort of
volume; let us treat the ploughzone as a fluid,
spread out across the subsurface. We can there-
fore mix it up and measure it in buckets, a prac-
tical measure. Technically, there is no difference
between 1000 litres and 1 cubic m, but a quan-
tification of artefacts per litre implies that the
number of litres containing artefacts in a given
area of ploughzone is important (i.e. the depth
of the fluid containing artefacts is a relevant vari-
able). In order to set a standard (English Heritage
1995: 16; Shott 1992: 11) I will report sample
densities in litres and use the density per square
m in estimating the total number of flakes.

How many litres make up a representative
sample of a 4-sq.-m section of ploughzone?
Because even a few ploughings make the arte-
fact distribution relatively homogeneous, the
number of litres that fairly represents the plough-
zone in that area depends on the density of
artefacts (Plog & Hegmon 1993). Ploughzones
are usually about 30 cm deep; therefore a 2x2-
m section will contain 1200 litres of soil. By
experiment we found that 100 1 of soil was
sufficient to get an accurate cubic density of
abundant artefacts (e.g. flakes). As we were
interested in recovering less common artefacts,
we settled on 400 1 of soil per sample (Kintigh
1988: 701).

The Machine

In order to process the 400 litres of soil in each
sample we built a mechanical screener, fondly
termed The Machine (FIGURE 2). The Machine
is is a triangular shaped square metre of 1-sq.-
cm mesh, angled at about 5°. The screen is fas-
tened at both ends by rubber shock absorbers
to a metal cube. Powered by a 5 h.p. Briggs &
Stratton engine through a belt clutch and fly-
wheel assemblage, the screen shakes back and
forth 2-5 times a second. Soil dumped into the
top end moves downward by the rocking mo-

tion of the screen. The wood box surrounding
the screen, open at the small lower end, per-
mits the material that did not go through the
screen to be dumped on to a sorting table.

The Machine required two people: one to
shovel, one to pick out the artefacts from the
material that did not go through the screen (FiG-
URE 3). Upon completion of a 400-1 sample, the
screen and sorting table were cleaned and the
artefacts bagged. Each 400-1 sample took 15~
30 minutes to process. Once the artefacts from
a ploughzone sample were recovered, they were
washed and catalogued. Initial cataloguing
consisted simply of counting the number of stone
tools and flakes. Few ceramic, bone or other
fragile artefacts are recovered from the
ploughzone.

Movement

The nature of artefact movement in the plough-
zone determines sample spacing. Without re-
dundancy, samples must indicate overall trends
and isolate high-density areas. Experimental
studies of seeded artefacts and ploughing have
convincingly quantified the movement of ar-
tefacts in the ploughzone (Gingell & Schadla-
Hall 1980; Talmage & Chester 1977; Trubowitz
1978; cf. Ammerman 1981). Lewarch & O’Brien
(1981b) seeded over 6000 artefacts in three
patterns, each containing three different arte-
fact sizes. They ploughed from one to three
times, then surface-collected the area. They
found that short-term ploughing moved arte-
facts an average of 40 cm perpendicular to the
plough and less than 3 m in the plough direc-
tion. Ammerman (1985) demonstrated a much
greater average displacement, for he placed large
tiles on the surface; after over 20 ploughings
most tiles had moved at least 5 m, and many
had moved 15 m.

Upon initial ploughing of a site, the artefact
scatter expands relatively quickly (Bowers et
al. 1983). Theoretically, the spread reaches a
point when further movement of artefacts be-
comes negligible and the rate of site expansion
drops to almost nothing (Hoffman 1982: 304;
Lewarch & O’Brien 1981a). Odell & Cowan
(1987) looked for ‘equilibrium’ in the average
displacement of artefacts. Using a seeded field
that was ploughed and disked 14 times, they
found that the initial ploughings created most
of the displacement. By the third ploughing/
disking period the average displacement was
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FiGURE 2. The Machine.
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FiGURE 3. Running The Machine at THY 2920.

already over 2-5 m. Over the 14 ploughings the
seeded site more than doubled in size from aver
200 sq. m to almost 500 sq. m. Although Odell
& Cowan felt that 14 agricultural treatments was
too few for a constant average displacement to
set in, ‘equilibrium’ was not far off. Because of
the non-random nature of ploughing, the aver-
age displacement of artefacts should become
constant (¢f. Dunnell 1990; Yorston 1990). Clark
& Schofield (1991) had similar results; over three
seasons and six agricultural treatments, the
maximum displacement for flakes was 3-7 m
with an average of 1-2 m. These figures were
much smaller for rounded pebbles. The aver-
age displacement will be asymptotic; as artefacts
are moved back and forth, average displacement
will level out at somewhere between 3 and 15
m. Computer simulations using random walks
of 3000 ploughings indicate the average move-
ment is less than 5 m (Bowers et al. 1983; Haggett
1965). While sites may double in size, they will
not triple or quadruple.

Assuming that we understand the correct
sample size needed to characterize the surround-
ing ploughzone, average displacement of arte-
facts indicates that samples placed any closer

than 4 m apart will be redundant. Samples
placed further than 20 m apart have a distinct
possibility of missing concentrations. In areas
of high concentration, samples close to the
minimum will provide increased resolution.
On the other hand, in areas of low concentra-
tions, additional samples provide almost no new
information.

In 1991 TAP experimented with various
ploughzone sampling strategies, with the limi-
tation of spending no more than four to five
days at a single site. At one site we placed sam-
ples randomly. Like Redman & Watson (1970:
281), we found that with a small number of
samples, large areas went untested — not helpful
when studying the spatial distribution of lithic
material. Systematic sampling is only unreli-
able when there is a sinuous distribution, which
we felt unlikely; therefore we amalgamated the
shovel testing methodology proposed by Krakker
et al. (1983; see also Kintigh 1988} with 50x50-
m survey blocks into an ‘offset-3 pattern’ (F1G-
URE 4). This arrangement is some 7% more
efficient than an entirely square grid.

The offset-3 pattern has other advantages.
It is easy to set up, uses whole numbers, and
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FIGURE 4. The offset-3 pattern laid out at THY 2788. The ideal 50x50-m block is shown with 2x2-m
primary (1), secondary (2), and tertiary (3) ploughzone samples.

can be repeated with exactly the same pattern.
The uneven edges of a sampled area increase
our ability to sample the periphery of sites by
taking advantage of the edge effect (Abbott 1985;
Nance 1983). When high-density spots are
found, the samples can be intensified, first to
five (secondary ploughzone samples) and then
to 125 ploughzone tests (tertiary ploughzone
samples) within the block structure (FIGURE 4).
Rapid lab processing that leads to the computer-
generated density distributions is critical as a
guide in placing secondary and tertiary plough-
zone samples. It is almost impossible to obtain
ploughzone samples once the machines have
begun to scrape and look for post-holes. The
offset-3 pattern gives us consistent coverage,
so that all but the smallest activity areas that
contain significant numbers of artefacts will be
sampled.

Limitations

The ploughzone sampling methodology does
have limitations and I wish to make these ex-
plicit. The samples are cluster samples, placed
judgementally, in sites where the artefact den-
sity is usually autocorrelated. The result of this
practical methodology is that it is difficult to
judge the accuracy of the estimates with statis-
tical procedures.

Due to the screen-size employed, we recover
almost none of the debitage smaller than 1 cm.
Estimates of the percentage of flakes that would
go through a 1-cm mesh vary from 38% (Hansen

& Madsen 1983} to 78% (Stahle & Dunn 1982).
The missing percentage, large in terms of num-
bers, is a relatively small percentage of the to-
tal weight of debitage. Screened ploughzone
samples offer a minimal picture of resharpening
and other activities that produce small flakes
in the final stages of production.

The sheer magnitude of flint in the Danish
moraine and the speed at which The Machine
operates makes recovery of anything other than
conchoidal flakes unlikely. This means that we
know little of the initial stages of production
(e.g. if bipolar techniques were used). The
method limits the questions we can ask of the
data — we are restricted to studying produc-
tion at its intermediate stages.

Damage to the individual artefacts is wide-
spread in the ploughzone, and if artefacts are
fragile, they are destroyed. Studies show that
over 10 years of continuous ploughing the av-
erage sherd size decreased by 90% (Reynolds
1982 cf. Dunnell & Simek 1995). Almost all
microwear traces on ploughzone artefacts are
destroyed (Aperlo 1994). As for the sturdier
stone tools, Roper (1976) found that the mean
displacement of tools that had been broken and
separated by ploughing was less than 2 m and
that the plough damage was fairly obvious.
Knoerl & Versaggi (1984) found that ploughing
does not change the ratio of broken to whole
tools. However, the 11:1 ratio of pristine:plough-
edge-damaged blades determined by Knoerl
(1976), cited in Knoer] & Versaggi (1984), does
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not seem compatible with Mallouf’s (1982)
exhaustive determination that over 90% of ar-
tefacts in the ploughzone are plough-damaged.

All sites contain the remnants of multiple
behaviours. At some point, the sum total of the
multiple behaviours preserved no longer con-
stitutes a site but rather a ‘palimpsest’ (Carr
1985; Zvelebil et al. 1992: 196). As the anal-
ogy of disturbed multiple occupation sites with
erased and re-lettered manuscripts is not helpful,
instead I use the term ‘multiple component’
(Riordan 1982). We avoid ploughzone-sampling
sites with high percentages of diagnostic arte-
facts from two distinct time-periods. A plough-
zone-tested multiple-component site tells us
little more than a well-done surface survey. In
Thy, ploughzone sites that contain significant
numbers of artefacts from two distinct periods
are infrequent.

Site signature

Schofield, in defining a signature, felt that
regularities in prehistoric human behaviour should
be visible through surface collection (1981b: 5):

Signatures in the form of artefact scatters will oc-
cur, the one proviso being that material remains were
the end-product of a given aspect of human behav-
iour. So long as those remains have survived the
passage of time, the patterns should be there. The
onus is on us to interpret those patterns and to un-
derstand precisely what it is they represent, whether
settlement activity, quarrying or manuring.

Surface survey is accurate enough to pro-
vide a qualitative description of surface scat-
ters and associate them with gross differences
in human behaviour. I believe we can go even
further. Ploughzone sampling is accurate enough
to provide a quantitative assessment of lithic
scatters that detail the different types of lithic
activities that took place. A lithic scatter is the
sum total of the preserved behaviours —a quan-
tified lithic scatter is a site signature. A site
signature highlights the variability in lithic
scatters that is masked by surface collections.
Quantifying the variability of site signatures can
refine our understanding of prehistoric human
behaviour.

A site signature is a series of numbers,
percentages and distributions: how many arte-
facts, what kind of artefacts, how those arte-
facts are distributed in space. The primary
component of a site signature is the flake. A

site signature describes the total number, weight
and kind of flakes, as well as the number of
tools, and the ratio of tools to flakes. These
counts, percentages and ratios create a picture
of the kinds and proportions of lithic activi-
ties that went on at a site.

The area of a site signature must be defined
by the distribution of artefact frequencies, even
when there are preserved subsurface remains
(Richards 1985: 32; cf. Shott 1995: 476}. Usu-
ally, artefact concentrations have a distinct fall-
off which defines the site (Woodward 1978); if
not, the site is defined by the extent of plough-
zone tests. If most of the artefact-bearing strata
have been incorporated into the ploughzone,
then a site signature is a consistent description
of the lithic remains. A comparison of site signa-
tures across aregion yields the variability in lithic
production and consumption.

Quantification

The ability to get at behavioural patterns from
the quantification of lithic remains, especially
flakes, has been realized. I follow Shott’s (1994)
recommendations that we combine flakes and
tools to arrive at an overall picture of behav-
iour that relates to stone-tool production and
use. Thus, we quantify broad categories of ar-
tefacts and calculate their frequency over a site,
which gives us the raw stuff of a site signature.
The goal is to understand how the amount and
efficiency of lithic production correspond with
use of stone tools.

Artefact attributes

The most numerous prehistoric artefact found
in the ploughzone is the flake. As an aggregate,
flakes are the most revealing remnants of pro-
duction (Shott 1994). Much of the work with
flake size has been done by size-grading (Ahler
1986; 1989). As a trial, we size-graded two sites
with very different average flake weights (FIG-
URE 5). The whole flakes at THY 2788 (Early
Bronze Age) have an average weight of 4-1 g,
the flakes at THY 2981 (Early Neolithic) an
average weight of 6-7 g.! We found, predictably,
that the site with heavier flakes contained a
higher proportion of large flakes both by weight

1 Because the flakes are not weighed individually we can
only do a t test with the average weight of the ploughzone
samples. THY 2788 has a SD of 1.2, THY 2981 has a SD of
2-5. With 49 degrees of freedom the difference is highly
significant.
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FiGURE 5. The total number and weight of flakes
from 400-1 ploughzone samples at THY 2981 and
THY 2788.

and by count (TABLE 1). However, a compari-
son of the two sites using a cross-tabulation of
the percentage of cortex by size grade indicates
little difference between the two sites (TABLE
2). The top four combinations, medium and
small flakes with little or no cortex, appear in
the same order, at approximately the same per-
centages in both sites. From this study, we con-
cluded that size-grading and estimating the
amount of cortex tell us little more than the
average weight of flakes. Ploughing, extensive
occupation, similar raw material, and our coarse
recovery hide any differences in the frequen-
cies of lithic production modes. To move be-
yond simple characterizations of the count and
weight, we have divided flakes into very basic
groups, while lumping tools together. These

JOHN M. STEINBERG

site  flakesize count %  weight(g) %

2788 <0-25" 305 27.2 355 8:4
0-25"-1" 797  71-2 3497 82.2
>1" 18 16 402 9-5

total 1120 4254

2981 <0-25" 272 231 237 3-4
0-25"-1" 814 690 4198 599
>1" 94 8-0 2579 36-8

total 1180 7014

TABLE 1. Flakes at THY 2788 and THY 2981:
counts and weights for small, medium and large
flakes.

categories inform us about the amount and ef-
ficiency of production, and the amount of stone-
too) use.

The natural division of Danish lithic mate-
rial is between flint found in Maastrichtian
(Cretaceous) chalk and Danian (Tertiary) chalk
(Bagge Johansen 1987) although identification
is not always easy (Nielsen 1993). Danian flint
is primarily used in the Middle Neolithic thick-
butted axes (Peterson 1994) but makes up a
relatively small proportion of those assemblages
(no more than 4%). Most (99%) of the flint is
Maastrichtian which we subdivided into:

1 retouched flakes,

burnt flakes,

whole flakes,

broken flakes, and

chunks,

in that order. In theory, these categories can
overlap (Ensor & Roemer 1989; ¢f. Sullivan &
Rozen 1985). However, they are to be under-
stood in the order of importance. Retouch is
the most important category: a broken retouched
flake will go in the retouched category, a burnt
whole flake will go in the burnt category.

G W

site flake size dorsal surface of flakes covered by cortex
none 1/3 2/3 all
count % count % count % count %
2788 <0-25" 127 10-8 102 8-6 19 1-6 24 20
0-25"-1" 317  26-9 330 28-0 89 7-5 78 6-6
>1" 18 15 48 4.1 10 0-8 18 1-5
2981 <Q-25" 154 13-8 112 100 23 241 16 1-4
0-25"-1" 344 307 350 31-3 51 4-6 52 4-6
>1" 2 0-2 12 1-1 1 01 3 0-3

TaBLE 2. Cortex at THY 2788 and THY 2981: counts for varying proportions of cortex.
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1 Retouched flakes, from the ploughzone, can
be a dubious category (Malloff 1982).
Plough damage can look like, and be
caused by, essentially the same forces as

) 'THY 2788
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|

purposeful prehistoric human retouch. In
identifying retouched flakes, we have been
conservative. Retouch is an indicator of
lithic use on that particular spot.

2 Burnt flakes, although high in the hierar-
chy, lose much of their information in the
burning process. They will not be dis-
cussed here.

3 The raw number of whole flakes is a good
index of lithic production. Sites with rela-
tively low percentages of whole flakes were
probably not involved in stone-tool pro-
duction on a large scale.

4 The meaning of broken flakes in the litera-
ture is unclear (Gardiner 1987: 69).
Sullivan & Rozen (1985} distinguish be-
tween broken flakes and flake fragments.
Ihave lumped broken flakes and flake frag-
ments together, following Fish (1981) who
divides flakes into those that have all
measurable dimensions present and those
that do not. Sullivan & Rozen, however,
found much higher percentages (upwards
of 35%) of broken flakes than we did in
the ploughzone samples. This may be for
any or all of three reasons: we may not be
identifying broken and flake fragments in
the field; the material is of very high quality
and there is a lower percentage of broken
flakes overall; or, our 1-cm mesh might
eliminate a large proportion of smaller
broken flakes. Sullivan & Rozen (1985)
believe that their high percentage of bro-
ken flakes is not due to trampling but is
instead a technical indicator of lithic pro-
duction. Many other authors disagree.
Some feel that trampling can increase the
number of broken flakes, even in soft soil
{Cotterell & Kamminga 1979; 1987; Prentiss
& Romanski 1989: 94) while others see
more insidious forms of damage and edge
wear (Flenniken & Haggerty 1979;
Tringham et al. 1974). I will use increased
numbers of broken flakes as an index of
trampling (see Fischer et al. 1979; cf. Fish
1979).

5 An unequivocal indicator of lithic produc-
tion, while at the same time one of the
more unclear categories, is the chunk.

oundL

Site By

6303950

UTM north

6303900

6303850

467350 467400 467450 467500

UTM east

FIGURE 6. Thiessen polygons for each ploughzone
sample at THY 2788.

Chunks are either blocks with a flake or
two taken off, or what appears to be bipo-
lar shatter. This category is a good indi-
cator of the roughness of the production.
The more chunks present, both absolutely
and as a percentage, the more likely that
the initial stages of production were tak-
ing place.

Site attributes

The site signature primarily consists of the dis-
tribution of flake frequencies. There are sev-
eral methods for estimating the total population
of various artefact classes for a sampled area
of a given site, each of which provides similar
results, Using THY 2788 as an example (FIG-
URES 6 & 7), the primary ploughzone tests con-
stitute a systematic sample. Taking an average
of 21-3 flakes per sq. m over 1-25 ha yields
239,600 flakes. The primary, secondary and
tertiary samples constitute a stratified sample
based on sample density which yields 230,250
flakes. The tests can also be stratified by 50x50-
m block which yields 228,850 flakes. Finally,
and probably most accurately, each sample can
be assigned its Thiessen polygon (FIGURE 6),
generated by the SYSTAT computer program.
The edges of the polygons have been cropped
so that no polygons represent more than 2500
sq. m. Under this method we arrive at 237,300
flakes. To get accurate confidence intervals, we
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FIGURE 7. Flake distribution at THY 2788. The UTM grid numbers are metres from the prime meridian
(east) and the equator (north). The darker the shading the higher the number of flakes per sq. m.

should take random samples over the whole
area. As discussed above, this proved imprac-

tical. By augmenting a binomial distribution,
we can estimate the minimum variance and
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hence obtain some idea of the confidence in-
terval (APPENDIX]. Using this procedure at THY
2788, we have a minimum of 16,000 flakes
with a 95% confidence interval.

The three sites used as examples below have
been completely analysed. The percentages and
totals were arrived at by multiplying the number
of artefacts and flake types per sq. m in each
sample by the area of its polygon. Included in
this multiplication are any substantial and con-
sistent differences in the depth of the plough-
zone. We intensively analysed the spatial
distribution of the absolute and relative amount
of various classes of flakes and artefacts, and
could detect no obvious spatial pattern beyond
the distribution of the total number of flakes.

The homogeneity of samples within a site
allowed us to reduce the analysis necessary to
arrive at the percentages and totals of flake cate-
gories. Rather than analyse each sample we
divided the samples into quartiles, by absolute
and calculated total number of flakes, and se-
lected the top sample from each quartile for
intensive analysis. Therefore, at least 4 but no
more than 8 samples were analysed at a single
site. A comparison of the abbreviated analysis
with the fully analysed sites demonstrates that
there is not more than a fifth of a percentage
point differences in the flake categories, and
average weight varies by no more than two-
tenths of a gram. The results of the abbrevi-
ated analysis are presented in TABLE 3.

For the purposes of this analysis, all diag-
nostic tools are lumped together, while flakes
are split into various categories. This might seem
odd, as diagnostic tools are just that — diag-
nostic — while flakes are usually considered
un-diagnostic. I reverse this typical stone tool
outlook and consider tools to be the last stage
in the economic flint cycle (Shott 1994). Tools
are subject to the most endogenous forces, that
is, forces that do not relate directly to the site
in question. Prehistoric curation and collection
(Bamforth 1986), off-site use and discard pro-
duce variable results, while production behav-
iours are remarkable similar (Murray 1980;
Yellen 1977). More importantly, tools are far
less frequent. Tools and cores together comprise
no more than 15% of an assemblage, with any
functional category of tool making up iess than
1% of a total assemblage.

Estimates of the number of cores and the ratio
of flakes per core should not be relied upon, as

these artefacts are scarce and Neolithic and Early
Bronze Age lithic industries are not core in-
dustries. In many cases the difference between
a core and a chunk, discussed above, is quan-
titative: cores have more flake scars. The number
of cores is usually well correlated with the
number of chunks, indicating that maybe we
should combine them.

The ratio of flakes to tools gives us some idea
of the efficiency of stone-tool production (Chris-
tenson 1982). When making an assessment of
efficiency, the absolute number of both flakes
and tools must be taken into account. Sites with
a low ratio of flakes to tools with high num-
bers of both (e.g. THY 1535) indicate efficiency.
Sites with the same low ratio but low absolute
numbers (e.g. THY 2578) are probably end-user
sites (TABLE 3).

Examples of site signatures

I will use three prehistoric habitation areas as
examples of individual site signatures. The three
sites are from different time-periods, have di-
verse lithic remains, and were sampled at
varying intensities (TABLE 4). The sites are com-
parable because most of their artefacts are in
the ploughzone; they were excavated as de-
scribed above.

THY 2788 in the parish of Senderhd
The area around THY 2788 was first described
in the parish survey of 1873-1930 (Kristian-
sen 1985). Brunsendorff surveyed the land in
1912, describing THY 2788 (SB 208) as a small,
ploughed-over mound. He gave neither a date
nor a description of any artefacts from the area.
In the 1980s, the area around SB 208 was ex-
tensively walked by a school teacher who found
a number of asymmetrical sickles distinctive of
the Early Bronze Age (Petersen 1993), and a light
lithic scatter west of Brunsendorff’s ‘mound’.
In 1992 TAP investigated the area, first with
some shovel tests and then with a broad swath
of 15 ploughzone tests in an area of almost 1-5
ha (Bech et al. in press). One ploughzone test
had almost 300 flakes in its 400 |, and another
just 15 m away had almost 100 flakes. At the
end of the 1992 season we cleared the plough-
zone away from a small area where 4 post-holes
were clearly visible. In the 1993 field season,
we took 37 additional ploughzone samples in
the tertiary pattern around the area of post-holes
and lithic debris (FIGURE 7).
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site 2981 2578 2788
age Early Neolithic  Late Neolithic Early Bronze
flakes
total number 666,000 24,700 237,300
high per m? 118 19 211
average per m> 18 15 18
average weight of flakes 5-9 32 44
total weight (kg) 3925 80 1040
whole flakes
average weight 6-7 34 41
by count 41% 32% 58%
by weight 46% 33% 54%
total count 270,600 7,800 138,000
total weight (kg) 1,802 27 560
retouched flakes
average weight 101 5-8 9-3
by count 11% 19% 6%
by weight 20% 34% 12%
total count 76,500 4,700 13,700
total weight (kg) 774 24 127
braken flakes
average weight 31 2:1 34
by count 36% 45% 30%
by weight 19% 29% 23%
total count 242,700 11,150 71,100
total weight (kg) 750 24 243
average weight of chunks 65 3-8 10-1
count of chunks 6% 3% 5%
average weight of burnt flakes 66 0-5 1-6
count of burnt flakes 3% 2% 1%
average weight of Danian flakes 12:6 2:0
count of Danian flakes 2% 0% 0-2%
tools 16,180 1,540 1,910
scrapers 8,200 840 1,050 TABLE 4. Detailed
sickles 0 0 280 site-signatures for
axe fragments 3,560 0 0 THY 2981, THY
cores 23,850 0 4,250 2578 and THY 2788.

After processing the ploughzone tests, we
machine-cleared the area to reveal 26 wall-posts
and 3 larger roof-support posts in the middle
of what is a small, 10x7-m Early Bronze Age
house. A firing-pit and a probable cooking-pit
were well within the house. Preserved under
the ploughzone were 48 flakes, 95 g of bone, 5
pieces of ceramic, 2 cores and 1 hammerstone.
The flakes recovered in situ represent less than
0-02% of the artefacts estimated at THY 2788.
As indicated there are 237,300 estimated flakes.

An average square metre had 206 g of flakes.
The high point was just north of the house con-
taining 836 g per sq. m. Based on these figures,
almost 1600 kg of stone were turned into un-
used flakes at THY 2788. There can be little
doubt that the artefacts recovered in the plough-
zone are associated with this small Early Bronze
Age house.

Although the resolution from ploughzone
samples is not fine enough to determine the
percentage of flakes in the house, the distribu-
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tion indicates that flaking was going on in and/
or just north of it. In the 42 ploughzone sam-
ples from the vicinity of the house there is an
average density of 60 flakes per sq. m with a
high of 210 flakes per sq. m just north of the
house and a low of 6 flakes per sq. m just west
of the house. I estimate the presence of 165,500
flakes immediately above the house. The other
10 ploughzone samples show a distinct fall-
off away from the house.

Have the 72,000 flakes well outside the house
been spread out by the plough, or was there a
substantial lithic activity outside the house? If
the entire 337,500 flakes were originally in the
2500 sq. m surrounding the house, the site has
increased in size approximately 5 times. Us-
ing the random-walk simulation of Bowers et
al. (1983), this would indicate a random walk
of about 1 m a year per flake in a random di-
rection over 3000 years {assuming no onset of
equilibrium). If equilibrium does set in, say after
500 years with a random walk of 2 m, the site
should only have been about 100 m in diam-
eter, and the lithic presence outside the house
area indicates a substantial production. One
factor pointing towards the latter explanation
is that the outside samples average over 1 g
lighter (3-1 g per flake) than the flakes over the
house (4-6 g per flake).? If flakes had been moved
out from a central location, current models of
ploughzone movement would predict that these
artefacts would tend to be larger (Lewarch &
O’Brien 1981b). On the other hand, natural proc-
esses seem to move smaller artefacts farther (Rick
1976), and there appear to be no concentrations
of flakes in the area surrounding the house.

For comparative purposes, we assume that
all sites were occupied year-round for 10 years
(cf. Earle 1994). At THY 2788 the occupants
would have produced about 65 flakes per day
and discarded a tool every other day. Even
though we estimate a large number of flakes at
THY 2788, the time devoted to flaking is rela-
tively small. If someone produced 1000 flakes
per hour, the lithic scatter would have taken
only 240 hours to produce. The total lithic popu-
lation at THY 2788 would have taken one per-
son working five hours per day 48 days to create.

These estimates do not include retouched
flakes. Counts of retouched flakes correlate well
with total flake counts (r? = 0-82). T estimate

2 Significant to the 0-05 level with 11 degrees of freedom.

that there would have been almost 2 retouched
flakes per sq. m with a high over the house area
of 9 retouched flakes per sq. m. Overall 6% of
the flakes (13,700) were retouched at THY 2788.
The average weight of the retouched flakes is
11-9g.

At THY 2788 we found 64 cores whose dis-
tribution is well correlated with the distribu-
tion of flakes (r? = 0-61). The most diagnostic
tool found at THY 2788 was the asymmetrical
sickle. The school teacher had found 7 asym-
metrical sickles, and we found 8 sickle and sickle
fragments in our ploughzone samples. Based
on the areas that each ploughzone sample rep-
resents, less than 300 sickle and sickle frag-
ments were present at THY 2788. The most
numerous recognizable tools were scrapers; we
found 31, indicating that about 1050 scrapers
were present at the site. Also included in our
samples were 5 borers, 3 burins and 2 strike-a-
lights as well as numerous retouched frost flakes.
No ceramics were recovered from the plough-
zone.

Overall, THY 2788 seems to be an ad hoc
production area: tools were made, used, and
discarded all in the same location. The num-
bers of tools, flakes, retouched flakes and cores
are all well correlated. Most of the flaking took
place in a discrete area in the northern part of
the house.

THY 2578 in Vang Parish

The Thisted Museum investigated THY 2578
in conjunction with the expansion of a gravel
quarry. Although museum inspectors found only
a few artefacts on the surface {a sickle, a borer
and 3 scrapers), they suspected that there might
be a settlement and cleared much of the plough-
zone with a backhoe. They exposed the post-
holes of multiple houses. From the post-hole
configuration (FIGURE 8), the Thisted Museum
dated the houses to the end of the Late Neolithic
(Ethelberg 1986; 1991) or possibly the very early
Bronze Age. The sub-surface matched the sur-
face in its dearth of artefacts. To increase the
artefact count, we laid out seven ploughzone
tests around the area already cleared.

The area sampled (40x40 m) is only slightly
larger than the area intensively sampled at THY
2788. Assuming all these flakes were on the
surface, the average density would have been
15 flakes per sq. m with a high of 18 over the
house area. I estimate there are 25,000 flakes

https://doi.org/10.1017/50003598X00083332 Published online by Cambridge University Press


https://doi.org/10.1017/S0003598X00083332

PLOUGHZONE SAMPLING IN DENMARK: SITE SIGNATURES FROM DISTURBED CONTEXTS 383

and 1600 tools present at the site. The average
weight of whole flakes is 3-4 g, and therefore
approximately 30 kg of stone were turned into
unretouched flakes.

Retouched flake counts correlate with total
flake counts (r? = 0-69), and the average den-
sity of retouched flakes is very high (31 re-
touched flakes per sq. m with a high of 4-5).
The percentage of retouched flakes (19% from
an estimated total of 4700 retouched flakes] is
substantially higher at THY 2578 than at THY
2788. The average weight, however, was lower
(6 g). The percentage of broken flakes is sub-
stantially higher than at THY 2788 with almost
45% of the flakes being broken.

At THY 2578 we found no cores, 2 blades, 2
burins, 2 borers and 3 scrapers. No bifacial tools
were found in ploughzone tests, although a small
waste dump from sickle production was found
in one of the pits. When taken in the aggre-
gate, these flake tools are not well correlated
with the number of flakes (r? = 0-55), although
the sample size is small. The ratio of flakes to
flake tools at 14:1 is much lower than at THY
2788, implying that great numbers of tools were
not being produced at THY 2578. The absence
of tool production is corroborated by the fact
that the high surface density is close to the
average surface density (18-75 and 15-25 flakes
per sq. m respectively) — implying that there
was no central location where lithic produc-
tion was taking place.

A comparison of these figures with THY 2788
demonstrates the power af the methodology.
There are approximately the same number of
tools at both sites (1600 estimated tools at THY
2578 vs 1900 tools at THY 2788). However, THY
2788 has ten times the flakes, an order of mag-
nitude difference. Three variables determine
the total number of flakes at a site; the number
of people who made flakes, the length of time
they made flakes, and the rate at which they
made flakes. The first two variables — people
and time — indicate the total amount of use at
the site; the third, rate, tells us about the in-
tensity of production at the site. Differences in
artefact density over the landscape are assumed
to correspond with differences in use (Foley
1981a). Differences of an order of magnitude
imply a substantial change in settlement pat-
tern, at the extremes occupied either ten times
as long or by ten times the number of people.
A substantial change in settlement pattern that

could account for an order of magnitude dif-
ference is unlikely, given that there are approxi-
mately the same number of tools at both sites.
A more palatable explanation is a slight change
in the intensity of lithic production. Assum-
ing that THY 2788 and 2578 were both occu-
pied for 10 years, the production rate at THY
2788 would have been just over 65 flakes per
day, at THY 2578 only 6-6 flakes per day. This
difference indicates that people at THY 2788
spent five minutes more per day making flakes.
This difference in ratios and intensity implies
that THY 2578 may have imported stone tools.
Overall, THY 2578 has few flakes. This is
not because of an absence of locally available
material; this site is over a modern gravel quarry
that has an abundance of flint. The locally avail-
able flint seems no different from that around
THY 2788 (both sites are on glacial moraines).
The high percentage of retouched flakes indi-
cates a site where tool use may have been im-
portant, but evidently production was on a
smaller scale. The high percentage of broken
flakes indicates trampling — people were walk-
ing in areas of (albeit limited) lithic produc-
tion. This would not be the kind of assemblage
characteristic of any workshop. Flint-knapping
on a large scale was not conducted universally
atall household sites. However, tool use at THY
2788 and THY 2578 is relatively similar.

THY 2981 in Heltborg parish

THY 2981 was first registered by the parish
survey of 1863 as a knoll where part of a stone
axe had been found. In 1915 H. Kjer, with the
Archaeological Survey, found two pieces of axe
around a ‘mound’ (SB 12) that he assumed must
have been higher in the past. We investigated
the region as part of a broad survey of Heltborg
in 1993 (Bech et al. in press). The field sur-
rounding the ‘knoll’ was almost completely
devoid of flint, and yielded no artefacts. Dur-
ing survey we found 13 scrapers, 3 cores, 6
blades, an axe, a borer and a knife.

In the summer of 1993 we put in 37 plough-
zone tests. First we used the offset-3 pattern.
Then we put in the 2 secondary samples per
block in the area of dense concentration, and
single ploughzone samples in blocks on the
outskirts to demonstrate fall-off. Finally we
placed a few more samples where we believed
the highest concentration to be. While the
backhoe was there the last time, we made a
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FIGURE 8. Distribution of post-holes and ploughzone samples at THY 2578.

few scrapes to determine if there were any pre-
served features; one deep pit was found that
contained some badly deteriorated pottery and
a few flakes, but no diagnostic flint artefacts.

The ploughzone tests revealed an average
surface density of 39 flakes per sq. m with a
high of 118. Unlike THY 2788, we found two
locations of high density (FIGURE 9). I estimate
about 666,000 flakes were present at THY 2981.
The average weight of whole flakes at THY 2981
is 6-7 g. Over 1700 kg of stone was turned into
unused flakes.

I estimate that over 11% of the flakes were
retouched (about 76,500 flakes). The average
weight of aretouched flake at THY 2981 is about
10 g; by weight, over 20% of the flakes are re-
touched. The retouched flakes in ploughzone
samples are correlated with the number of whole
flakes but the relationship is weaker than in the
above two examples (r? = 0-62). The surface den-
sity comes out to an average of 3-2 retouched flakes
per sq. m over the area ploughzone-tested, with
a high of 825 flakes per sq. m.

What percentage of flakes at THY 2981 are
the result of axe production? The weight of the

flakes is remarkably consistent with Hansen &
Madsen’s (1983) experiments, considering that
we do not get the small flakes they recorded.
They found an average weight of 5-5 g per axe
flake, but up to 38% of their recovered flakes
could have passed though our screen. With a
finer mesh, the 5-9 g/flake we found would prob-
ably drop to a comparable figure. Were all
666,000 flakes estimated at THY 2981 the re-
sult of axe production, 550 axes could have been
produced.® We found 10 fragments of polished
axes (4 from four-sided polished axes, usually
associated with the Early Neolithic). It is hard
to estimate the total number of axes from axe
fragments, especially when the density of axe
fragments is low. Our inaccurate estimates point
to the order of 3500 polished-axe fragments. If
each axe was split into 10 fragments with vis-
ible polish, we arrive at another estimate, based
solely on axe fragments, of 350. If most of the
flakes recovered at THY 2981 were from axe

3 Hansen & Madsen (1983: 52) produced five axes, ready
for polishing, from five nodules and created about almost
6000 flakes larger than 1 cm. An average axe should be
represented by 1200 flakes larger than 1 cm.
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manufacture, the other estimated 26,000 tools
could have been by-products of axe manufac-
ture (Hansen & Madsen 1983).

Our glimpse of the lithic manufacture at three
sites as viewed from the ploughzone demon-
strates that prehistoric lithic economy is var-
ied. THY 2788 looks like a site of ad hoc
production where flakes, tools and cores are
all closely correlated. THY 2578 looks like a
consumer site with a low ratio of flakes to tools
and a high percentage of retouched and bro-
ken flakes. THY 2981 seems to be a site where
a fair amount of production took place.

These three sites are examples of the 17 sites
we have ploughzone tested (TABLE 3). Based
on our total sample of sites we can begin to
draw some preliminary conclusions.

Inter-site lithic production

Over the Danish landscape, especially in Thy,
it is said a few flakes can be found on almost
every farmer’s field. Previously, this low level
of lithic production has been characterized as
background noise (Gallant 1986). In surface
surveys there has been much written of the im-
portance of background noise in understand-
ing regional lithic production (Crowther et al.
1985; Read 1985: 42; 1989; Wandsnider &
Camilli 1992), a concept taken further with off-
site archaeology (Ebert 1992; Foley 1981a; 1981b;
Rossignol & Wandsnider 1992; Shott 1995;
Thomas 1975). Where does most of the lithic
production take place in Thy: at concentrated
sites or dispersed across the landscape? If most
of the lithic production took place at sites, are
they relatively equal or do a few large sites ac-
count for most of the flakes?

In order to quantify background noise, we
did a series of shovel tests. These small exten-
sive tests put our intensive ploughzone tests
into perspective Our preliminary results sug-
gest that while background noise may be the rem-
nants of the majority of areas used in prehistory
and contain substantial lithic remains, they con-
stitute a small proportion of total lithic produc-
tion. Most lithic production took place at a few
sites during the Neolithic and Early Bronze Age.

Shovel testing

In order to identify large dense lithic scatters
in pasture and woodlands, TAP instituted a
shovel-testing programme (Kintigh 1988; Krak-
ker et al. 1983; Lightfoot 1986; 1989; Lovis 1976;

McManamon 1984; Nance & Ball 1986; 1989;
Shott 1989; Sydoriak 1985). We also shovel-
tested large tracts of ploughed area that were
fieldwalked to estimate low-level lithic produc-
tion, quantifying those few flakes found on al-
most every field (Wobst 1983).

A site that has been ploughed must have at
least 20,000 flakes in a hectare to be discov-
ered during fieldwalking. These flakes spread
over a hectare have an upper limit of 800 arte-
facts recovered in a total surface pick-up of a
50x50 m area (16% of the artefacts visible on
the surface (Shott 1995)). The lower limit is 15
if 0-3% of the artefacts are visible on the sur-
face (Clark & Schofield 1991: 95). Our prelimi-
nary results suggest that 0-5% of the total flakes
present are recovered on the surface at Early
Neolithic sites and a lesser percentage at Late
Neolithic/Early Bronze sites. For convenience
I call areas with 20,000 flakes activity areas in
confrast to sites. Do these activity areas account
for a majority of lithic production?

Shovel-test samples are too small (20 | of
screened soil) to take advantage of the homo-
geneity; therefore estimating the number of
flakes in the region around a single sample
would be unreliable. Instead, the samples must
be understood in the aggregate (Wobst 1995).
The actual method involved filling a 20-1 bucket
with soil taken from the centre of a 50x50-m
block. The soi} is then screened and the arte-
facts (primarily flakes) counted.

In Heltborg (a parish close to the average in
stray finds recorded in the Thisted Museum),
we did a series of 92 shovel tests over 0-25 km.
These yielded an average of 0-30 flakes per 20
litres. This small survey covered two Early
Neolithic sites that we ploughzone-sampled
(THY 2981 (see above) and THY 3401) that
accounted for 21 of the shovel tests. The 71
‘off-site’ tests have an average of 0-22 flakes
per 20 litres. Assuming that this density is rep-
resentative of the region, ‘off-site activity’ is
responsible for 586,000 flakes. The two sites
shovel-tested had an average of 0-57 flakes per
20 litres and by this same reasoning should have
450,000 flakes. Like surface survey, shovel tests
vield inaccurate estimates for the densities at
sites: THY 2981 and 3401 account for 807,000
flakes.

The 586,000 ‘off- site’ flakes indicate the pres-
ence of 30 activity areas, a ratio of 15 activity
areas to 1 site in this area. In this small sam-
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FIGURE 9. Flake distribution at THY 2981 (Early Neolithic).

ple, it would appear that activity areas account
for 95% of the areas where lithic production
took place but probably less than 50% of the
lithic production.

Lithic production at sites

If sites represent locations where a majority of
the lithic production took place, how uniform
is the production between sites? The three case-
studies presented above demonstrate that the
amount of lithic production varies tremendously.
Is this variation so much so that a few big sites
produce most of the flakes?

Assuming that the sites ploughzone-tested
represent the spectrum of flake and tool popu-
lations at sites (TABLE 4), [ used a K-means cluster
analysis with tools and flakes estimated at sites.
Two clusters proved the only solution that in-
cluded THY 3463 with other sites in a cluster.
The division is highly significant with 15 de-
grees of freedom. The top cluster has an aver-
age of 991,000 flakes, and the bottom an average
of 188,000 flakes.

We find the proportion of total lithic pro-
duction resulting from a given site cluster (t,)
by using the equation:
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where P is the portion of sites represented by a
given cluster, A is the average number of flakes
in a given cluster, and t is the proportion of all
flakes that the cluster is responsible for pro-
ducing. This equation is in contrast to the rank-
size approach of Zvelebil et al. (1992; see also
Foley 1981c). The rank-size picture is one of
ubiquity so that each area is treated equally.
The result is a ratio of home bases to off-site
activity areas. Using Zvelebil et al.’s data with
the above equation produces results similar
to the ones presented below. I choose to em-
phasize the relative importance, based on
lithic production, of each area rather than its
presence.

The bottom cluster of sites ploughzone-tested
(71% of sites) accounts for 31% of the flakes
(FIGURE 10). The top cluster (29% of the sites)
accounts for 69% of the flakes, and the top 50%
of sites (by flakes) for almost 89% of the flakes

If we assume, from the shovel-testing data,
that the sites ploughzone-tested are only 5%
of the areas where lithic production took place,
then those ploughzone-tested sites are respon-
sible for the majority of the lithics. The sites
ploughzone-tested have an average of 424,000
flakes. Using the equation above, and assum-
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ing the activity areas shovel-tested (95% of ar-
eas) represent 20,000 flakes each, we find that
the ploughzone-tested sites account for over 52%
of the lithic production. The top cluster of sites
determined above (1-5% of the areas with an
average of 991,000 flakes) represents 36% of
total lithic production. The middle cluster (3-5%
of sites) represents 16% of lithic production.
The small-activity areas (95% of areas) repre-
sent 48% of lithic production. Thus, through-
out the Neolithic and Early Bronze Age, most
stone-tool manufacture seems to be concentrated
in just a few sites.

Conclusion

Ploughzone testing is possible, the methodol-
ogy is powerful, and the results are meaning-
ful. Primarily, this is a methodological paper
that examines how to quantify sites that have
been ploughed. In presenting this method, I have
considered the division of lithic activity. To get
at these issues, I have ignored different stages
of lithic production and different time-periods,
but these issues and others I have ignored can
be addressed with a ploughzone methodology.
If flakes can be used as a proxy for other eco-
nomic activities, the results imply that most
economic activity took place at a few sites. If
we are going to understand the majority of sites
in heavily ploughed areas, we must start an in-
tensive ploughzone-sampling programme.
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It is feasible accurately to quantify sites that
have been ploughed — to circumvent the
ploughzone paradox and ‘excavate’ those dis-
turbed sites. Artefacts in the ploughzone have
not been moved to such an extent as to render
ploughed sites unrecognizable. The conven-
tional approach of surface collecting does not
reveal the true nature of the site. The sample
is too small, and the results are biased. The
only way to quantify sites that have been
ploughed is to excavate chunks of ploughzone
and screen to recover artefacts.

The ploughzone method is powerful. In some
ways, ploughing is a blessing in disguise; de-
stroying the stratigraphy and sweeping away
the information it contains, the plough opens
the site remnants to this ‘quick and dirty’ ap-
proach. The strategy and equipment make
ploughzone testing an economical methodology
whereby sites can be investigated quickly and
cheaply. The resultant site signature, the sum
total of all the (lithic) activity preserved, con-
tains a tremendous amount of information as
the three case-studies demonstrate.

The results are meaningful. More than sim-
ply qualifying sites as lithic production or con-
sumption sites, the methodology allows us to
quantify sites and infer the importance of pro-
duction. Production seems to be concentrated
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Appendix:
Construction of confidence intervals for the estimated total
number of artefacts in a region

DwiGHT W. READ*

Assume we have a region, R, divided into m sub-
regions each with area, S, S, _» Tespectively.
Assume that in the ith subreglon S, "one quadrat of
area Q, is selected and a number of artefacts, n, ofa
specified type, T, is found in quadrat Q.. Suppose
we use the artefact counts, n,, n,, , I, Corre-
sponding to the m quadrats to estimate the total
number, N, of artefacts of type, T, in the region, R, in
the following manner. First, estimate the number,
N, of artefacts of type, T, in the ith subregion:

= (5,/Q)(n) (1)

Next, add across all subregions to obtain the esti-
mated number of artefacts in the region, R:

N=3 N (2)

We now want to construct a 1-o confidence inter-
val (CI) for the estimate, N, of the total number of
artefacts of type T in the region R.

To construct a CI for the estimate, N, we need to
model the process by which artefacts are distrib-
uted across the region. We assume that in each
subregion, S, there are N, artefacts of type T ran-
domly placed thronghout the subregion S,. We fur-
ther assume that the quadrat, Q, in subregion S, is
randomly located within that subregion. Under these
assumptions we may characterize the number, n, of
artefacts of type T'in quadrat Q, within the S, subregion
as a single observation from a binomial distribution
(BD). This claim is justified as follows. Suppose we
place the N artefacts of type T randomly within the
subregion, S, For a single, fixed quadrat, @, in the S,
subregion, we may view placement (via random dis-
tribution of artefacts in subregion S) of an artefact of
type Tin the quadrat as a Success, otherwise as a Fail-
ure (following the unusual nomenclature for a bino-
mial distribution). The probability of a success is given
by P, = /S, and the number of trials is given by N.
Thus the number of Successes (i.e., the number of ar-
tefacts, n, in the quadrat ) will be an observation
from a binomial distribution with mean given by:

Hgp= N, P, (3)

and standard deviation given by:

= VNP1 -P) (4)

If i, 25 and N, - u,, 25, then we may approximate
the binomial distribution by a normal distribution
with mean g, and standard deviation o,,. Using
this approximation it follows that for the ith subregion,
S, a 1—o confidence interval for y, based upon the
observed number, n, of artefacts found in quadrat
Q, is given by:

nl - (Zn/z)(o-BD) < IJ’BD = ]Vl Pi < ni + (Za/z][GBD) (5)

hence a 1-a CI for N, is given by:

A

J\A{ - (Za/z)(o-BD/Pi) < N. SN

]

+ (z,,)0,,/P), {57
and O3= Opp /P,

Next, let X, measure the estimated number, I({, of
artefacts in S, based upon the number, n, of arte-
facts found in a quadrat Q, placed randomly within
the subregion, S. Then X is a random variable whose
value is N for the quadrat Q, and o, = 0. We can
now extend Equation (5 to a 1-a CI for N as fol-
lows. Let X=2 X . Then 6,” = 5, * +0 P+ . +0, "
under the assumption that the number of artefacts
n, in the Q, quadrat within the subregion, S, is in-
dependent of the number of artefacts, n, in the Q,
quadrat within the subregion, 5. From Equation (2
it follows that:

N-(z,,)6)<N<N +(z,,)(c,) (6)

We may now apply these results to the Thiessen
polygons. We consider the region, R, to be the
ploughzone area within the site boundary that was
then sampled by means of ploughzone samples. Each
of the constructed Thiessen polygons determines a
subregion, S, of the region, R. A quadrat, @, corre-
sponds to a ploughzone sample and the quadrat area
to the surface area equivalent for the 400-1 ploughzone
sample used to construct each Thiessen polygon.
The number of flakes found in a ploughzone sam-
ple is the number, n, of artefacts for a quadrat.

The assumption that artefacts are randomly dis-
tributed over a subregion corresponds to the assump-
tion that artefact density over a Thiessen polygon is
constant and the latter assumption is used by the
SYSTAT program to construct the polygons. The
assumption that the random variables, X, are inde-
pendent translates into the assumption that each
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ploughzone sample is randomly located within its
associated Thiessen polygon. This assumption is not
strictly valid as the polygon is determined by both
the relative location and artefact densities (since
ploughzone samples were spatially more dense in
regions of greater artefact density) of the ploughzone
samples. However, the sampling strategy for the lo-
cation of the ploughzone samples tends to minimize
any spatial autocorrelation effects. Lack of inde-
pendence would introduce a covariance term in

the computation of 0,?. The sign of the covariance
terms would be positive if there is (positive) spa-
tial autocorrelation, hence the existence of spa-
tial autocorrelation would tend to make the
computed confidence intervals conservative. Thus
the computed Cls given in TABLE 3 should be treated
as minimum, estimated CIs. In TABLE 3, the Cls
obtained from Equation (6) with o = 0-05, are given
for each of the several sites used in the Thy Ar-
chaeological Project.
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