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Abstract

The use of grain size distribution analysis in forensic enquiry was investigated with
reference to four forensic case studies which contained the type of sample restraints
and limitations often encountered in criminal case work. The problems of the
comparison of trace and bulk samples are outlined and the need for multiple sample
analysis is highlighted. It was found that the problems of soil analysis, particularly
when the soil was recovered from anthropogenic sources, focussed on the lack of
identification of pre-, syn- and post-forensic event mixing of materials, thus obscuring
the recognition of false-negative or false-positive exclusions between samples. It was
found that grain size distribution analysis was a useful descriptive tool but it was
concluded that if it were to be used in any other manner the derived results should be
treated with great caution. The statistical analyses of these data did not improve the
quality of the interpretation of the results.
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1. Introduction

One of the fundamental and most ubiquitous tests undertaken during the analysis of
sediments and soils in geological investigations is that of grain size distribution
anaysis (for example [1] [2] [3] [4]). The various size ranges and proportions of
materia identified during grain size distribution analysis encompass materials of sub-
micron size through clays, silts, sands and gravels. Whilst a variety of different
techniques have been employed during geological analyses to present these
distributions ([5] [6]), the ultimate aim of the researcher has been to describe the
sediment and provide some environmental or palaeoenvironmental information as to
the mechanisms by which the deposit has been transported and deposited to its final
resting place ([1]). Grain size distribution analysis is now being employed routinely
during forensic casework analysis ([7] [8]) athough it will be shown in this paper that
there are problems in using this well-established geological technique in forensic

investigation in any way other than as a descriptive mechanism.

The characteristics identified by analysing the grain size distribution of a sample are
dependent on a number of controlling factors irrespective of whether we are
investigating geological or forensic samples. Initially, the make-up of the grain size
distribution of a sample depends upon the make-up of the grain size distribution of the
source materials. This may be another sediment sample, or indeed be the weathered
or eroded product of arock strata. The transportation of the sediment from its source
or sources will further affect the grain size distribution of the fina sample. The
mechanism of transportation (wind, water, or gravity) will winnow the various
sediments in accord with the capabilities of the energy conditions of transportation.
Finally, the grain size distribution of a sediment will be dependent upon the syn- and
post-depositional  processes which prevall (winnowing, pedogenesis, chemica
alteration etc.). Another factor complicates the issue. A soil is a three dimensiona
structure comprising discrete sedimentary and pedogenic layers. The individua
layers often have very different grain size distribution characteristics. A sediment
body may also reflect temporal variations in deposition which are recorded in grain
size distribution variations down-section. As will be illustrated later, it can be very
foolhardy to compare the grain size distribution of a sediment taken from a taping, a

trace sample and a 1kg bulk sample without exercising great caution in the
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interpretation of the results. All three samples may derive from the same geographic
location but all may differ fundamentaly in their grain size distribution with the

possibility of subsequent interpretation producing a false-negative result [9].

Forensic enquiry however, takes this complicated relationship a little further. The
grain size distribution of a forensic sample must now take into account ateration and
mixing of soil from different sources caused by the movement of the material by
anthropogenic effects on footwear, clothing and vehicles. Thus, not only is there a
complication of mixing to consider in forensic enquiry but there is aso the thorny
issue of selective transfer, persistence and decay of materias which will alter the

grain size distribution curve further [10].

The forensic scientist must ask why they wish to undertake grain size distribution
anaysis of a sample. Here, the ultimate aim is to compare a number of samples of
soil or sediment from a suspect or their belongings with a comparator group of
samples located at or about a forensic incident or scene of enquiry. Fundamentally,
the forensic geoscientist seeks to exclude samples from having been derived from the
comparator source ([11] [12]). Analysisis therefore descriptive (as is often the case
with geological enquiry) or on occasion exclusionary. Samples that are analysed by
descriptive analytical techniques may, due to their differences identified by that
descriptive technique, be exclusionary and/or diagnostic in nature. If two samples
are, for example, different in colour, they can be considered exclusionary and so the
descriptive technique becomes diagnostic. However, if two samples have the same
descriptive characteristics (for example, colour) it cannot be argued with any sense of
propriety that the samples are diagnostically similar and therefore must be related by

provenance to each other.

Similarly, two soil samples that are compared in a forensic investigation may exhibit
very similar grain size distributions. This may be due to the fact that they are derived
from a very similar provenance but may equally be due to having been derived from
different locations with a similar environmental history. Likewise, the two samples
may exhibit different grain size distributions even if they have derived from the same

source due to the ‘three-dimensional nature of the soil profile mentioned above or



indeed due to different sample sizes being compared to each other; for example 1g of

soil compared to 1kg of bulk sample from the same source.

So grain size distribution analysis has many of the same pitfalls as the descriptive
technique of colour analysis, athough this does not stop the publishing of reviews of
grain size distribution anaysis in the forensic literature ([7] [8]). Equaly, the
transposition of the geological interpretations and parameters using gran size
distribution analysis do not fit well in many of the exploratory studies which
investigate the efficacy of grain size distribution analysisin forensic situations. Some
authors have acknowledged the difference between geologica and forensic
approaches and have attempted to assimilate their experimental work to approximate
real forensic case situations ([13]). There appears to be no merit in highlighting the
ability of anew, or even an old analytical technique for grain size distribution anaysis
using obvioudly different samples, taken from grossly different environments, often
many miles apart ([14]). It should be remembered that the quality of the results are
matched only by the quality of the input ([15]).

The intention of this paper is to review the claims of the current literature on forensic
applications of grain size distribution analysis and to provide casework examples
where grain size distribution can provide some interesting and sometimes compelling
interpretations useful in forensic enquiry. Some of the examples however, illustrate

fal se-positive results and so provide a cautionary tale.

2. A Literature Review

Grain size distribution analysis of a soil or sediment sample by means of sieving was
introduced into the forensic science literature as early as 1956 ([11] and [16]) as a
well established geological technique ([1] [4] and [17]). Asis the case with many of
the ‘borrowed’ analytical techniques that have been applied to forensic investigation,
a relatively large sample size (in the order of grams) is required for accurate and
reproducible results to be obtained compared to what is usually available in forensic
analysis. Dudley [18] pointed out in 1977 that the amount of sediment available in a

forensic sample will generally preclude such geological techniques from being
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employed in routine forensic science analysis. He went on to propose a method for
establishing particle size distribution of soil and sediment samples using a Coulter
Counter, which was able to provide reproducible results for smaller quantities of
sample (200mg), and to provide discriminatory power between samples from different
sources. Now there are a whole range of laser granulometers which can, at least for
the same machine, reproduce grain size distribution curves from very small amounts
of material (less than 10mg) which in itself provides further problems for the forensic
analyst (see section 3.4).

The early work of Dudley was developed by Wanogho et a. ([19] [20]) who
demonstrated that it was possible to establish soil sample discrimination and
provenance by comparing the median particle size, modal class interval of particle
size and percentage of organic matter of different soil samples. Further work
produced greater discrimination between samples by using a combination of the
Coulter Counter and Automated Image Analysis systems in the analysis of samples.
More recently still, Murray and Solebello [17] advocated direct observation and

measurement by microscopy for forensic grain size distribution analysis.

Junger [21] and Sugita and Marumo [22] have both demonstrated the benefits of using
grain size distribution analysis in combination with other analytical techniques in the
guest to provide discrimination between samples. They showed that by utilising both
colour analysis and grain size distribution analysis that soil samples from a particular
geological area could be distinguished. These works however, are both based on
experimental studies and may not approximate forensic casework reality. Restrictions
such as limited sample size and mixing from a variety of different host materials and
sources are not taken into account. Using either or both of the techniques of grain
size distribution and colour it would prove practically impossible to determine
whether pre- or post-event mixing of materials had taken place in areal case forensic
scenario rather than having experimental a priori knowledge. Thisis due to the need
to homogenise the materials prior to analysis by both colour and grain size

distribution techniques.

More recently till, there have been a number of papers published on the application

of particle size distribution analysis to the analysis of soil and sediment samples in
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forensic investigations ([7] [8] [13] and [14]). These papers have generaly all
provided the results of experimental studies (using both laser granulometry and
sieving techniques) and have demonstrated, in the first instance, that it is possible to
distinguish between soil and sediment samples taken from distinct geological aress. It
is particularly interesting to note that when ‘simple transfers’ of soil from a source
area onto an item of footwear are simulated under laboratory conditions, it has been
discovered that both the particle size distribution of the source soil and the type of
footwear can significantly affect the particle size distribution of the transferred soil
sample subsequently taken from the shoe ([13] and [14]). Chazottes et a. [13]
showed that if a source soil sample has a unimodal particle size distribution of silt-
sized particles, the particle size distribution of the transferred soil sample, taken from
the footwear, was more similar to the particle size distribution of the source soil
sample. If however, the source sample had abi-modal particle size distribution rich in
fine (clay-sized) and coarse (sand-sized) particles, the particle size distribution of the
transferred soil was found to be significantly different to that of the source soil. This
is because clay and silt-sized particles appeared to be poorly represented in the
transferred soil samples. Croft and Pye [14] aso identified the selective nature of
transfer of various size ranges of particles onto footwear, however, neither Croft and
Pye [14] nor Chazottes et a. [13] identified the implications of these findings to
exclusion enquiries in forensic investigation ([12]). These findings ([12] [13] [14])
raise significant questions as to the efficacy of grain size distribution analysis as a
comparative tool in certain forensic investigations. It may not always be appropriate
to employ grain size distribution analysis on samples that have undergone some sort
of transfer when attempting to compare them to, and so exclude them from, potential
soil sample sources. The limited number of forensic case examples that are provided
in the literature demonstrate the ability of this technique to provide comparative
results to show similarity or dissimilarity between forensic soil and sediment samples
in particular Situations. There seem to be no case examples where grain size
distribution analysis has been shown to be an inappropriate technique, or where such

analysis has provided fal se-positive results.



3. Case studies

3.1 Introduction

We acknowledge the necessity for experimental work under controlled conditions to
determine the efficiency of a new technique for forensic enquiry, although we suggest
that the results of the experimental work for forensic application might be misleading
when the technique is long established in a comparative scientific discipline. The
constraints of analysis in real casework situations do in effect require adaptation and
compromise in amost every new case that arises. There is then a dilemma between
upholding the forensic principles of exclusion, description and diagnosis whilst using
a new technigue which may involve the analysis of very small amounts of material.
Does the analysis of a trace amount of material reflect the characteristics of the
materials taken from the original sediment body? The answer to this question, of
course, concerns the norma problems identified in the statistical appraisa of
geological analysis when we consider sample size and sediment population size.
Therefore, with these caveats in mind we provide the results of a number of casework
studies which show lessons to be learned at micro-, meso- and macro-scale. None of
the case studies provided herein were investigated using only grain size distribution
anaysis. Other independent physical and chemical analytical techniques were used in
all cases and some of their results agreed and some disagreed with the results obtained
from this grain size distribution analysis. The inclusion of their results is beyond the

remit of this paper.

3.2 A case of suspected badger baiting

A suspect was arrested on a road close to a badger sett that had been dug up in order
to gain access to the badgers which could then be set upon by dogs. Two muddy
spades were seized from the vehicle belonging to the suspect. In order that
comparison could be made between soil from the spades and from the soil at the
badger sett, a soil sample was aso taken from the badger sett (all samples were

collected by the Scene of Crime Officer). It wasinevitable however, that this material



was collected from a very disturbed site and may have incorporated a mixture of soil

from the surface and from a deeper horizon.

If the soil collected from the spades was to be compared to the material at the highly
disturbed badger sett, then account would have to be taken of the varied grain size
distribution of materials from the different soil horizons which would have derived
from the surface and at depth in the sett. To this end ten sub-samples (approximately
1g each) were taken from the bulk soil sample (approximately 1kg) taken from the
badger sett.

The two spades had appreciable quantities (in forensic terms) of sediment present on
them (Figures 1 and 2). The spades were each subdivided into twenty specific areas
(see Figures 1 and 2) and a sub-sample of material was taken from each area, thus
forty samples were taken in total. (Sub-samples varied between 100mg and 1g in
weight).

Grain size distribution analysis using a CILAS 920 laser granulometer was
undertaken to compare the soil samples taken from the two spades with the soil taken
from the badger sett site. All sample preparation techniques employed conformed to
standard procedures [7]. Of the twenty samples taken from both spade 1 and 2, twelve
of the samples from spade 1 and eleven of the samples from spade 2 were of a

sufficient quantity for grain size distribution analysis.

There was a noticeable variation in the particle size distribution of the sub-samples
taken from the badger sett site (see Table 1), and from spade 2 (Table 2). The particle
size distribution of the eleven soil samples taken from spade 1 appeared to be more
similar (see Table 3). However, when an independent two-tailed t-test was
undertaken (using SPSS for Windows 11.1) to compare the mean particle size,
sorting, skewness and kurtosis no significant differences were identified at the 95%

significance level between the samples taken from the site, spade 1 and spade 2.

The samples analysed from the badger sett consisted of ten sub-samples and these
produced two distinctive curves which may be accounted for by the relative depths

that the two groups of analysed samples had derived from in nature. The act of
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digging into the badger sett required disturbing the three-dimensiona nature of the
soil profile and thus, the repeated analysis of the sub-samples was able to detect two
distinctively different curve characteristics. These are portrayed in Figure 3 (A and
B).

The grain size distribution analysis from spade 1 (Figures 1, 3 (E) and Table 2)
provided one distinctive curve from al twelve sub-samples taken and this curve was
most similar to one of the two curvesidentified at the site of the disturbed badger sett.
Apart from noting the similarity of the curves this analysis may identify a lack of
mixing of the grain size distribution curve from materials that could have been present

on the spade prior (or subsequent) to the incident at the badger sett.

The eleven sub-samples analysed from spade 2 (Figures 2, 3 (C and D) and Table 3)
showed two distinctive curves which have a similarity with the two curves identified
from the badger sett site samples. Only by undertaking analysis of multiple sub-
samples of the sediment from the sett and the spades could these two distinctive
curves be identified, and the possibility of fase-negative interpretations reduced.
Whilst the similarity of curves between spade 2 and the badger sett can be noted and
confirmed by statistical comparison (see above), there is no further worthy
interpretation possible using this technique in this case. Other independent means of
forensic analysis would need to be employed (for further details see [23]).

The lesson to be learned here is that meaningful comparison between samples requires
comparable samples to be collected in the first instance. This has implications for the
collection procedures taught to prospective scenes of crime officers; surface soil
samples can only be compared to other surface soil samples. Indeed, 1g of materia
should not be compared to 100g of material if comparable results are desired from
grain size distribution analysis. Indeed, statistical comparisons between soil samples

from different locations should be interpreted with caution.

3.3 A case of avehicle hit-and-run

A large lorry turned out from a side road onto a main dual carriageway and the rear

wheels of the lorry mounted the pavement running over a pedestrian who was waiting
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on that corner. A short distance down the road, a lorry of matching description to that
which caused the incident was stopped and the driver was questioned. Samples from
underneath the vehicle were collected and provided for comparison with debris
collected at the scene, which was thought to have falen from the underside of the
vehicle when the pedestrian was hit. Amongst a number of techniques conducted on
these sediments was grain size distribution analysis. It was thought that comparison
would be meaningful since the underside of the lorry obviously had the same journey
history, and would have been subject to the same deposition events leading to the
accumulation of a discrete, distinctive sediment body. Furthermore, the lorry had
travelled only a mile or two down the road since the incident and this reduced the
ambit for mixing to occur to the materia still present underneath the lorry. Therefore,
material from the underside of the lorry was compared with material that had fallen
onto the road; unusualy, a like with like comparison could be made (Table 4 and
Figure 4). Whilst there is a broad similarity between the grain size distribution curves
and proportions of sand silt and clay present in each sample, inspection of the mean
Size, degree of sorting, skewness and kurtosis values for each sample demonstrates
that there is a degree of variability. However, to compute standard deviation and
coefficient of variance values would be meaningless as, in this case only 3 samples

are available for comparison.

The results derived from other independent analytical techniques could not exclude
the material from the vehicle from having derived from the same source as the
materia recovered from the crime scene, however, the results derived from the grain
size distribution analysis could not confirm this conclusion. Whilst a broad similarity
could be noted, it was not possible to provide any further conclusions for the court as
to the possibility of excluding the material recovered from the crime scene as having

derived from asimilar provenance to the material recovered from the vehicle.

This hit-and-run example involved a direct ‘like with like' comparison between
samples and due to the nature of the case, the possibility of subsequent mixing to
either group of samples was severely reduced. However, even in this relatively
simple case, due to the requirement to homogenise the samples for grain size

distribution analysis there is still the possibility of producing a false-negative result in
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our case, particularly if any mixing did occur to either group of samples. Thereis no

simple way of testing this using only grain size distribution analysis.

This example contrasts with another hit and run case documented in the forensic
science literature ([7] [8]). In this case sediment samples taken from the nearside and
offside of a vehicle were compared to soil samples taken from two grassy verges
(nearside and offside) at the scene of the crime. In contrast to our example it was not
possible to undertake a ‘like with like' comparison between samples and thus there is
a high possibility that the samples taken from the grassy verges (single provenance)
may have been compared with mixed source samples taken from the sides of the
vehicle. Inthiscaseit wasfound that it was not possible to exclude the samples taken
from the vehicle from having derived from the same source as the samples taken from
the crime scene. However, the possibility in this instance of achieving a false-
negative result is considerable due to the inability of the grain size distribution
technique to identify potentially mixed source samples. Furthermore, these two hit-
and-run cases demonstrate that whilst grain size distribution analysis may provide
useful information in one case, it may not necessarily do so in another not

withstanding the potential for samples of mixed source to be involved.

3.4 A case of winnowed deposits

The naked body of a young woman was found 10m from a metalled road on awooded
slope. The very wet conditions of the night, during which she was deposited on the
slope, served to remove much of the trace evidence at and about the scene of the body
which was discovered no more than nine or ten hours after deposition. The body had
been covered by the clothing belonging to the victim which prevented the rain from
disturbing any potential forensic evidence on the body. Inspection of the crime scene
photographs of the body in situ (minus the covering of clothes) identified that the
victim, who was lying face down on the ground, also had mud on the backs of her
legs, buttocks and torso. The muddy material on the torso showed discrete contact
marks where the naked body had been lying on its back on muddy ground with its

armslaid on the ground.
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Grain size distribution analysis (in this case, due to the trace nature of the material,
direct measurements of grain diameters were undertaken by scanning electron
microscopy) of the materia taken from the victim’s back provided a mean grain size
diameter of 30.91um, whilst the mean grain size diameter of the sediment at the body
site was 85.9um. The materia on the back of the body was winnowed, finer grained
materials which could be shown by other analyses to have derived from about the
body site some 10m away. A reconstruction may suggest that the body, aready at
least naked on the back and arms, was dropped onto the road prior to being lifted and
laid face down at the deposition site. This simple scenario helped reconstruct the
events of the night immediately prior to the deposition of the body and, in conjunction
with other analyses, suggested specific post mortem activity. Whilst the winnowed
material found on the back of the body could not be excluded from having derived
from the same source as the sediment from the body site, grain size distribution
anaysis aone could not prove that the samples had derived from the same
provenance. Grain size distribution analysis ssmply indicated a rainwash winnowing

of materials over a 10m distance with an inference of post mortem activity.

The lesson to be learned from this case is that grain size distribution analysis can be
used as a descriptive reconstruction technique, but can only be effected if the body is
not routinely washed in the mortuary prior to the post-mortem. This case aso
highlights the necessity for flexibility in grain size distribution analysis techniques

and requires forethought rather than rigid routine to be exercised.

3.5 A multivariate analysis of grain size distribution data

The body of a girl was found on a dirt path near the top of a wooded hill ridge some
10m from aroad. The path and road were used regularly by many people as a short
cut to and from aflat grassy playing field some 30m below the hill ridge. Analysis of
soil samples taken from near the body deposition scene, throughout the wooded hill
ridge and across alarge area of the grassy playing field, was carried out and, as part of

the investigation, grain size distribution analysis was undertaken on 43 samples using
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laser granulometry (all necessary preparation techniques were conducted according to

the usual protocols [7]).

Subsequent police investigations identified that the victim may well have been seenin
one specific area of the playing field talking to an older person. This person became a
primary police suspect. Analysis of the soil material taken from the shoes of the
suspect and the victim were, together with all the other samples, subjected to a series
of geologica investigative procedures (elemental chemistry, electron microscopy of
guartz grain surface textures, pollen analysis, magnetic resonance and various other
binocular and descriptive techniques). The results obtained from the comparison
between the samples taken from the hill ridge and the body site with those taken in the
playing fields showed very little exclusionary information. This was thought to be
due to the similarity of the geological features underlying both the hill and the playing
field and the similarity between the organic components of the soils from the hill and
the playing fields which were mixed due to a combination of rain wash and repeated
foot trampling. Grain size distribution analysis undertaken on all of the samples was
subjected to hierarchical cluster analysis (average linkage) in order to determine the
similarity or dissimilarity of sample groupings based on grain size distribution in a
sample. The derived dendrogram, provided in Figure 5 and summarised in Table 5,
shows that there is a predominance of groupings of samples taken from the suspect
(100%) together with samples taken from the path leading to the body deposition site
(77.8%). Thereisonly asmall association with the field (5.9%) and other areas of the
hill (11.1%) (Figure 5 group B and Table 5). This compares markedly with the
clustering from group A where the one sample taken from the shoes of the victim is
found to be grouped with the majority of the samples taken from the field (94.1%) and
the hill/body deposition site (88.9%) but only with 22.2% of the samples taken from
the path to the body deposition site. Canonical Discriminant Function analysis was
undertaken to ascertain whether the two groups identified by the hierarchical cluster
analysis (average linkage) were statistically significant. One factor accounted for
100% of the variance and discrimination of the two groups and this was significant at
the 95% significance level (0.00<0.05 (see Table 6)). From this analysis the scenario
could be postulated that the victim did not use the path but had been in the field prior
to being deposited at the body deposition site. In other words, the victim must have
been carried up the slope.
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One could make a reasonable case of association given the large number of samples
analysed (n=43), for the shoes of the suspect and the hill (particularly the body site)
and for the mud from the shoes of the victim with that of the field below the hill ridge.
But is there any test to check whether this is afalse interpretation? No other forensic
test undertaken on the mud samples could differentiate the samples taken from the
shoes of the victim with that specific area in the field where the victim was last seen.
No association or exclusion was identified from visual inspection of the grain size
distribution curves, or from simple comparison of the mean and mode grain size
values of the samples. Since there was no other corroborative technique, it would be
unwise to proceed with what could well be an incorrect interpretation. Grain size
distribution analysis was redly only able to suggest two points; firstly that it was
unlikely that the girl walked up the slope to where the body was eventually found and
secondly that perhaps the suspect may indeed have been on the hill.

The reason for caution over the reliance on such ‘black box’ analysis can be found in
the constraints and rationale of studying the transference and persistence of mud on
shoes. Although full discussion of this problem is beyond the remit of this particular
paper, it is sufficient to identify the problems of sediment mixing before, during and
after aforensic incident. Prior to the death of the victim, it is possible that both she
and the suspect had picked up soil from a number of other sites unrelated with this
case. It isequaly possible that their shoes were clean and that they walked on the
metalled paths and roads. At some stage however, both victim and suspect must have
collected soil from a specific site and at least one of them collected mud on their
shoes as they climbed the dirt path to the body deposition site. Following the
deposition of the body the suspect may have retraced their steps along the muddy
pathways, or exited the wooded area to make good their escape along a metalled road.
Perhaps the mixture of materials from different sites fortuitously provided a positive
association between samples. In any event, the deposition of material on a shoe is a

complex association and its decay from the shoe even more so ([12]).

With reference to the geological interpretation of the grain size distribution of soil and
sediment materials on the hill ridge and the field, it would indeed be fortuitous if there
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was a completely different grain size distribution not only characteristic of either the
field area or the hill areas, but also distinctly different from each other as seems to be
provided in Figure 5. Although in this case separation between the cluster groups
could be identified from grain size distribution analysis and be interpreted to provide
a meaningful reconstruction of events, this interpretation is very much open to
guestion. No amount of statistical verification of the groupings will provide proof of
the validity of any interpretation. Grain size distribution analysis is not intended to
identify diagnostic similarities. It is best used as an exclusionary, or indeed even as a

merely descriptive technique.

Lessons to be learned from this case are firstly, that more than one independent
technique should be employed wherever possible (and the main technique should not
just be grain size distribution analysis) and secondly, that to rely on multi-variate
black box statistical packages requires an appreciation of the quality of the generated
data, and perhaps a degree of a priori knowledge.

4. Conclusions

This paper set out to evaluate the use of grain size distribution analysis of sediments
and soils in situations which involved the rea restraints and limitations found in
actual forensic cases. The evaluation of the efficacy of the techniques of grain size
distribution analysis is framed within the forensic philosophy of exclusion as once
outlined by Walls[11].

Whilst acknowledging that each case brings with it its own set of circumstances, a

series of lessons have been learned with reference to the four cases provided in this

paper:

1 Meaningful comparison between samples anaysed for grain size
distribution requires comparable samples to be collected in the first place.
Bulk samples of soil (a three-dimensiona structure in itself) may contain

discrete and coherent units of sediment which exhibit different grain size
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distribution characteristics. To compare these bulk samples with trace
materias taken, in this instance from shovels, requires multiple sample
anaysisto identify the variation and hence effect a proper comparison.

2. Gran size distribution analysis (manual or automated) involves
homogenising the sample prior to anaysis and this will obscure any
mixing that may have occurred before or after the forensic incident. False
associations or exclusions will occur and there is no method of identifying
this by grain size distribution analysis alone. Indeed, similar issues can be
found with reference to some forms of chemical analysis used in forensic
investigations ([25])

3. Grain size distribution analysis can in some instances be used effectively
to reconstruct events which take place over avery small area.

4, Multi-variate statistical analysis can produce compelling similarities and
exclusons from gross data matrices. Unless there is a meaningful
explanation for these comparisons and unless there is corroborative
evidence from independent forensic techniques, great caution should be

observed in deriving any interpretation of the results.
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Figure 1 Spade 1 showing adhering mud and the twenty sample sites collected for
grain size analysis.



Figure 2 Spade 2 showing adhering mud and the twenty sample sites collected for
grain size analysis.
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Figure 3 Grain size distribution histograms and cumulative curves portraying the two
types of grain size distribution found at A and B: the badger sett site; C and D: spade

2; and E: spade 1.
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Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num +-———-——--- to—————— - e —————— e +
Hill 14 —

Field 25 —
Field 11 —
Field 15 —
Field 16 —
Victim 20
Field 17 —
Hill 18 —
Field 6 —
Hill 24 — —
Field 26 —
Exclusion 12 —
Field 28 —
Field 29 —
Hill 19 A
Field 23 —
Field 27 —
Field 13 —
Exclusion 4 —
Exclusion 10 —
Field 1 —
Hill 9
Field 5 —
Hill 31 —
Field 7 —
Path 21 —
Hill 22 —
Field 8 —
Hill 30 —
Path 3 —
Field 36 —
Path 38
Path 39 —
Path 35 - B
Suspect 43 —
Suspect 40
Path 2 —
Path 34 —
Suspect 41 —
Path i —
Path 33
Hill 32 —
Suspect 42 —

Figure5 Dendrogram computed from grain size distribution analysis of samples from
the hill ridge, the hill path, the field, the suspect, the shoe from the victim and from
exclusionary samples. n=43.
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Group  Number of Field Hill Path (to  Victim  Suspect Exclusion
samples (body site) body site) samples
A 30 16 (94.1) 8(88.9) 2(22.2) 1(100) 0(0) 3(100)
B 13 1(5.9) 1(11.2) 7 (77.8) 0 (0) 4 (100) 0(0)

Table5 Summary of the locations of samplesin each of the two groupings from the
dendrogram, Figure 5. Figures in brackets indicate the percentage of samples from

each location in each cluster grouping.

Eigenvalues

Canonica Correlation
.860

Function | Eigenvalue | % of Variance | Cumulative %
1 2.832(a) 100.0 100.0
a First 1 canonical discriminant functions were used in the analysis.

Wilks Lambda
Test of Function(s) | Wilks Lambda | Chi-square df Sig.
1 261 53.740 2 .000

Functions at Group Centroids

Function
cluster groupings 1
Group A 1.082
Group B -2.496

Unstandardized canonical discriminant functions evaluated at group means

Table6 Summary of the CDF analysis (derived from SPSS 11.4 for Windows)
undertaken to assess the statistical significance of Groups A and B derived in Figure

5.
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