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Welcome and foreword

It is an honour and a privilege to welcome you lie second meeting of The Geological Society, Fécens
Geoscience Group (FGG 2008), held at The Geolooalety, Burlington House, Piccadilly, in Londofhis

is the second day of a two-day event, held in aggon with the Environmental and Industrial Geogpiog
Group (EIGG). The theme for the first day, held &6 December 2008, wasRécent Advances in
Archaeological Geophysicsind the theme for the second day Beodscientific Equipment and Techniques at
Crime Scenes’. The main focus for FGG 2008 is aimeth@tnot necessarily limited to, presenting, disoug
and debating the use of existing and innovativeipgent, techniques and methods that potentially ipay
applied to crime scenes.

In recent years there has been a tremendous iecieamiterest in Geoforensics (known also as Facens
Geoscience or Forensic Geology), in academia, tngusonsultancy, police, law enforcement, military
universities, schools, the public and the mediaogBientists and geoforensic specialists increagirge
supporting serious crime investigations such asidem rape, kidnapping and fraud. What is moreerieic
science and geology both also have captured pubiérests and imaginations, and have benefited from
increased coverage in the media, film and on teleniover the past decade or so. It is perhapstimely and
appropriate to reflect on some of the principalregen Geoforensics which have taken place, iniqdsrly in

the UK, over the past few years.

Fourteen years ago | began to apply and developetional and innovative geological techniques éfph
search for a murder victim’s grave. At this timelggists rarely, formally, supported police invgations, apart
from occasionally when sail, rock or man-made makeion clothing were analysed. In British univées there
were relatively little, if any, courses or reseasgecifically focussed on, or drawing attentiongscientists
and their potential role in supporting law enforesn However, this gradually began to change &2,

when | was invited to give a presentation on ‘Feielieology’ in Westminster Palace, House of Consnas

part of the All-Party Parliamentary Group for EaBhience. This raised the profile of forensic ggglin the

UK and drew attention to the potential support Whinay be provided by geoscientists to help thecpadind

other law enforcement authorities in certain typesriminal investigations.

Six years have now passed since an article ondargeology was published for the first time, ire@cientist’
(Donnelly, L. J. 2002Finding the silent withessGeoscientist. The magazine of The Geological $pa
London, 12(5), 16-17). This was followed by the lpdtion of a second article in ‘European Geoldgist
(Donnelly, L. J. 2003How forensic geology can help solve crintegropean Geologist. Journal of the European
Federation of Geologists, 16, 8-12). Since themettas been a rapid explosion in interests in geafics, in
particular in the UK, but also internationally. $Hias occurred at an alarming rate in academiastndand
within law enforcement. In 2004, The Geological Bbchosted a forensic geoscience conference, whither
fuelled interest in forensic geoscience (Pye, KC&ft, D. J. 2004 (edslrorensic Geoscience: Principles,
Techniques and ApplicationsGeological Society, London, Special Publicatior32). Following the
Westminster Palace presentation a proposal wasigatito The Geological Society to set up a newyénsic
Geology’ specialist group (Donnelly, L. J. 20@onsiderations for a Geological Society of Londardnsic
Geology Specialist Grouplhe Geological Society, London). The Geologicati€ty approved the ‘Forensic
Geoscience Group’ (FGG) which was formally launcledits inaugural meeting in Burlington House, in
London, on 20 December 2006.

Since 2002, there have been at least seven intmahimeetings on forensic geoscience, at least ‘fiooks’
have been published on forensic geology, and mapens on the use of geology in forensic investigeatiof
crime, search, engineering, geotechnics, minirggsder and warfare have also been published (sexdmple:
Ruffell, A. R. & McKinley, J. 2008.Geoforensics Wiley-Blackwell, Chichester, UK; Murray, R. C. @4.
Evidence from the Earth: Forensic Geology and CnmhilnvestigationsMountain Press Publishing Company,
USA and Ritz, K., Dawson, L. & Miller, D. 200&riminal and Environmental Soil ForensicSpringer, UK).



Together, these events since 2002 all demonstiatevéalth in activity and interest in geoforensitshe UK

and world-wide. There are now over 120 coursesh& WK which feature ‘forensic’ in their course ditl
although some of these ‘teach’ geology there is hmsicope for improvements. Teaching and research in
geoforensics is now established in a number of amsities, on BSc courses and as part of PhD rdsearc
Furthermore, many practitioners regularly proviégelggical advice to the police and law enforcenaggncies

as part of their routine professional serviceseassgientists.

Published in this booklet are the abstracts forphgers presented at FGG 2008 and in general, Heese to
continue the main, two-fold, division of geoforarssias follows:

< Firstly, mainly laboratory based geoscientists I(iding for example; geochemists, sedimentologists,
mineralogists, petrologists, micro-palaeontologitsl isotope experts). This involves the collegtion
analysis, interpretation, presentation and expianaif physical (trace, or micro-scale) evidencaijch
can be soils, rocks, micro-fossils or man-made riz$e(such as concrete or bricks). Using evidence
sampled from a crime scene, human remains (suskilasnd finger nail scrapings), vehicles, clothing
or other objects. A forensic geoscientist may ble ab assist the police in determining the possible
location where a crime took place, linkage of tfffertder or evidence to a crime scene, linkage ef th
offender to the victim, assess the possible movéwienuman remains, or eliminate potential suspects
or offenders. Although these types of ‘geologicmples are analysed in a laboratory it is importan
they are properly collected by the geoscientistyfthe crime scene, object, or body.

e Secondly, mainly field-based geoscientists, whddiéssn the mapping and exploration of the Earth’s
(ground) surface and ground investigations are usedielp the police search for locating (and
sometimes recovery) buried or concealed organicamsn(such as a murder victim’'s graves, mass
graves and human remains) or non-organic objeatsh(as clothing, weapons, firearms, improvised
devises, explosives, drugs, stolen items, moneygljery and antiques). These searches may take plac
in urban, rural and remote locations, in both #reetstrial (land) and marine (including also undeex
such as canals, rivers, streams, seas, lagoonariest reservoirs, lakes and ponds) environments.

Forensic geoscientists may also be called upor tanbexpert witness or to provide expert opinioa nange of
investigations, which may include for example; detiw incidents, international terrorism, humanaati
environmental, geohazards, mining, geotechnicalil @ngineering, materials engineering and fraudule
investigations; all which may be regarded as p&ithe emerging and growing discipline of ‘Geoforess
Some examples of such investigations are presémtis conference. These are not necessarily etedowith
supporting directly law enforcement (police) invgations, but nevertheless may be regarding asrfic’ in its
broader definition (for further information see fexample: Shuirman, G. & Slosson, J. E. 19B@rensic
Engineering. Environmental Case Histories for Ci#hgineers and GeologistsAcademic Press, Inc.,
California, USA and Day, R. W. 199&orensic Geotechnical and Foundation EngineerirGraw-Hill,
USA).

Perhaps some of the principal challenges whichnf&ice geoscientists may face in the future include f
example; (a) improving methods of communicationwaein geoscientists and law enforcement officerk, (b
formal training and education in forensic geosogeand in particular sample collection, giving evide in
court, and the design and delivery of a searchegtyaand methodology for buried or concealed gravesother
objects, (c) the development of new laboratory search techniques and their acceptance by law@nfant
and courts, (d) training on giving evidence in ¢p(#) the geoscientists understanding of striticpsearch and
crime scene investigative protocols and the jullisigstem, (f) regulation and accreditation of faien
geoscientist practitioners (given the increasecadamia and practising ‘forensic geologists’ thastigular issue
is extremely important if professional standards tarbe maintained), (g) maintaining internatiogabforensic
links, (h) promoting publications in refereed sti#n journals, (i) multi-disciplinary collaboratio with other
specialists, (j) the development of operationaligdd geoforensic practitioners to become moreedigvith the
police and (k) funding for training and research.

The papers presented in this conference demonsioatéGeoforensics’ is a discipline that can brgignificant
benefits to policing, law enforcement and crimimafestigation throughout the world.

Laurance John Donnel |y 17 Decenber 2008

Dr Laurance John DonnellyBSc (Hons), PhD, CSci, CGeol, EurGeol, FGS, FGSA
Chair, Geological Society, Forensic Geoscience rou

Engineering, geohazards, mining, & exploration ggisit

Forensic geologist & police search advisor
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08:30 - 09:25

55

Ruth Morgan, Laurance Donnelly gnKJarvis

Welcome & opening

09:25 - 09:30

Laurance Donnelly
Chair, The Geological Society, Forensic Geoscighiarip

Session 1. Chair of session, Jamie Pringle

09:30 - 09:40

10

A comparative study into the effectiveness of geophical
techniques for the location of buried handguns

James Murphy, Paul Cheetham

'Centre for Forensic Sciences, School of ConsematiBciences
Bournemouth University, Bournemouth, BH12 5BB, UK
*Corresponding author: James Murphy (97895042 @brmthld

09:40 - 09:50

10

Seeing the wood for the trees: the use of GPR in téeting
clandestine graves

George Tuckwell™, John Jervi$*, Jamie Pringfe®, John Casseltd
!STATS Ltd, Porterswood House, Porters Wood, St AdbAL3 9PQ, UK
Applied & Environmental Geophysics Group, SchooPdiysical Science
& Geography, Keele University, Keele, Staffordshid5 5BG, UK
3Department of Forensic Science, Faculty of ScienSéaffordshire
University, Mellor Building, College Road, Stoke-@ment, Staffordshire
ST4 2DE, UK

“Burials Research Group, West Midlands, University Keele &
Staffordshire University, UK

*Corresponding author: George Tuckwell (george.tuslk@stats.co.uk)
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09:50 - 10:00

10

Electrical resistivity surveys over several simulad graves
in Staffordshire, UK

John Jervi¥, Jamie Pringl§ John CasselfaGeorge Tuckwell
'Applied & Environmental Geophysics Group, SchooPtiysical Science
& Geography, Keele University, Keele, Staffordshid@5 5BG, UK
“Department of Forensic Science, Faculty of Scienc@sffordshire
University, Stoke-on-Trent, Staffordshire, ST4 2K

3STATS Ltd, Porterswood House, St. Albans, Hertfbids AL3 6PO, UK
*Corresponding author: John Jervis (j.jervis@epskeele.ac.uk)
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10:00 - 10:10

10

The use of topographic and geophysical survey teclgques
in the characterisation of search sites

Peter Barker, Claire Graharh

Stratascan Ltd, Vineyard House, Upper Hook Roadptiupon-Severn
Worcestershire, WR8 0SA, UK

*Corresponding author: Peter Barker (peter.barker@sascan.co.uk)

10:10 - 10:20

10

Pigs in Shelf

Armin Schmidt*, Chris Gaffney, Rob Janaway Andy Wilsort,
Hazel Woodhanis

'Archaeological Sciences, Division of AGES, Universiof Bradford,
Bradford, West Yorkshire, BD7 1DP, UK

*Corresponding author: Armin Schmidt (A.Schmidt@dfcad.ac.uk)




10:20 - 10:30

10

An evaluation of the combined application of ground
penetrating radar and 3D laser scanning in the lod#on and
rapid recording of skeletal human remains

James Ferin, Paul CheethaimJeremy Pilé

'Centre for Forensic Sciences, School of ConsematiBciences
Bournemouth University, Bournemouth, BH12 5BB, UK
*Corresponding author: James Fenn (jamesfenn1@guouait)

10:30 - 10:40

10

Forensic geophysics in support of the comprehensiy

nuclear test ban

George Tuckwelt, Luis Gaya-Piqué Rainier Arndft
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AL3 6PQ, UK

’On-Site Inspection Division, CTBTO PrepCom, Vienhaternational
Centre, PO Box 1200, A1400, Vienna, Austria

10.40 - 10.50
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From Cromwell Street to Jersey: 25 years of cableand
images

John Hunter, Barrie Simpsoh

'University of Birmingham, Department of Ancient Kisy & Archaeology
and Forensic Support Archaeology Group, Edgbaf®imingham, West
Midlands, B15 2TT, UK

*Corresponding author: John Hunter (j.r.hunter@bhamuk)

10:50: - 11:00

10

Discussion & questions. Rapporteur, Ruth Morgan

11:00 - 11:30

30

Refreshments & poster session

Session 2. Chair of session, Duncan Pirrie

11:30 - 11:40

10

Raman Spectroscopy: A forensic geological an
geoarchaeological perspective

Howell Edwardst, Tasnim Munshi

'Chemical & Forensic Sciences, University Analyticéntre, School o
Life Sciences, University of Bradford, Bradford, BRDP, UK
*Corresponding author: Howell Edwards (h.g.m.edws@bradford.ac.uk)
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11:40 - 11:50

10

The application of Raman Spectroscopy for the anasis of a
range of biomaterials with forensic implications

Tasnim MunsHit, Howell Edwards

'Chemical & Forensic Sciences, University Analyticaéntre, School o
Life Sciences, University of Bradford, Bradford, BRDP, UK
*Corresponding author: Tasnim Munshi (t. munshi@Boad.ac.uk)
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Application of micro-Raman spectroscopy to forensic
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'Centro e Departamento de Geologia, Faculdade deci@# Universidade
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*Corresponding author: Alexandra Guedes (aguedes@fpt)

12:00 - 12:10

10

Forensic investigation of soil in the Russian Fedation
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*Corresponding author: Ruth Morgan (ruth.morgan@acluk)
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Andrew SmitH*
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*Corresponding authorMike Allen (mike.allen@crfp.org.uk)
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Richard Teeuw
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16:10 - 16:25 15 Forensic geology in the United Kingdom and the Unéd
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16:25- 16:35 10 The 3rd international conference on soil forensics
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16:35 - 16:45 10 Discussion & questions
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The development and significance of a conceptual gegical model, in different
geomorphological settings, to search for a murderigtim’s grave
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Handforth, Cheshire, SK9 3FB, UK
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Diatoms: how useful are they in the recovery of hulan remains?
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A comparative study into the effectiveness of geophical techniques for the
location of buried handguns

James Murphy, Paul Cheetham

ICentre for Forensic Sciences, School of Consemaitiences, Bournemouth University, Bournemouth1BH
5BB, UK

*Corresponding author: James Murphy (97895042 @brmthlg

The proliferation of firearms in the UK, deemedtélerable’ by Prime Minister Gordon Brown has
been the cause of great concern amongst law enferdeagencies and the increase in firearm related
homicides by gangs in inner city areas combinedh Wit recent large scale criminal alteration of
replicas into effective firearms justifies this cenn. The burying of firearms for the purposes of
storage or disposal after criminal activity is mutdtumented both in the UK and abroad and the US
phenomenon of ‘block guns’ or firearms buried ggatally in gang neighbourhoods for rapid access
gives pause for thought. Consequently, consideitiegcurrent gun climate, ascertaining the most
effective methods to locate these buried weapotisnsly. Much forensic geophysics research that
has been published recently relates to the locatidyurials, both mass and individual. While tt8s i
important there has been less published researghha location of associated evidence, which may
be located in a different location to the remaPr®vious studies in the location of firearms andaine
weapons with magnetic locators and metal detedtaree been undertaken, but systematic high
resolution area coverage as frequently appliedréhagological geophysical survey and employing
range sensitive archaeological grade magnetometsgrumentation has not been thoroughly
evaluated.

In this study 0.5m and 1.0m fluxgate and 1.0m caegradiometer results were compared with 500
and 800MHz frequency ground penetrating radar (GBRYyeys. The two different high-quality
replica handguns employed were buried at two defftt8) and 0.50m) both singly and as a cache.
The site chosen was a flat grassed area set wathinorban environment, the near-surface geology
being a uniform sand. The site contained signifiamounts shallow ferrous material which was
partially cleared by the use of a metal detectmro the main surveys. Overall, the results fribm
magnetic surveys were problematic with the resporisem the buried handguns difficult to
distinguish clearly from site noise. However, samhi¢he GPR surveys proved particularly successful
(Fig. 1), although the type of handgun and chaimgdse orientation of the guns resulted in sigmifit
effects on their delectability
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Seeing the wood for the trees: the use of GPR in téeting clandestine
graves

George Tuckwell™, John Jervi$*, Jamie Pringfe®, John Casseltd

!STATS Ltd, Porterswood House, Porters Wood, St AdhAL3 9PQ, UK

“Applied & Environmental Geophysics Group, SchoolRifysical Sciences & Geography, Keele University,
Keele, Staffordshire, ST5 5BG, UK

*Department of Forensic Science, Faculty of ScieBtaffordshire University, Mellor Building, CollegRoad,
Stoke-on-Trent, Staffordshire, ST4 2DE, UK

“Burials Research Group, West Midlands, Universftiteele and Staffordshire University, UK

*Corresponding author: George Tuckwell (george.tuslk@stats.co.uk)

Ground Penetrating Radar (GPR) is a well recognisetinique for the detection of clandestine
graves. There are numerous published exampless afuitcessful use in forensic casework. The
technique is also extensively used in the engingeand environmental sectors to image the
subsurface. There are several examples of the @§#odmse to buried natural and man-made features
beneath the ground and within building structuiid® shallow subsurface will typically contain many
variations that will provide a GPR reflection respe. In the built environment and in brownfield
sites the upper few meters are typically domindigdnade ground, all of which by definition is
modified by human activity. In greenfield sitesmerous natural features will be visible to the GPR
system including tree roots, animal burrows, anahges in geology or the soil profile. GPR surveys
are perhaps best recognised in forensic applicdtiotheir success within, beneath and immediately
around buildings. This is a very complex environtmaithin which to obtain any non-invasive data,
however the GPR system is well suited because sofesolution and its directionality. Strong
reflections are typically obtained from internalid® (chimneys, flues, drainage pipes, wall cavities
and basements), foundation structures, internahlmetk, changes in construction material, paving
construction and landscaping including excavatiang level changes. The problem remains how to
distinguish a suspicious response in the GPR data the many innocent variations that will exist.
We do not suggest that it is possible to discodinbat the genuine clandestine grave response,
however we do suggest that a better understanditigedypes and origins of GPR response expected
in particular environments will allow a more efBait survey progress and minimise the need for more
time consuming intrusive investigations. We wilview GPR data that we have obtained over
clandestine graves. In this context, we also ptesarpresentative sample of some of the reflection
types typically obtained using GPR. Reflectionrgetry and character will be described in each case
and the benefits or hindrances to a forensic inya&son explored. The time critical nature of
investigations of this type are, of course, an timltl technical and logistical constraint, and mhest
efficient GPR data collection, processing and pritiation methodologies should be employed. Data
collection strategies are also critical to the ssestul identification of certain features. We will
provide a review of these together with a discussibthe data processing and visualisation stegits th
can be undertaken to best interpret the data.

Electrical resistivity surveys over several simulagd graves in Staffordshire,
UK

John Jervi¥, Jamie Pringl§ John CasselfaGeorge Tuckwell

!Applied & Environmental Geophysics Group, SchoolRifysical Sciences & Geography, Keele University,
Keele, Staffordshire, ST5 5BG, UK

“Department of Forensic Science, Faculty of ScienBeaffordshire University, Stoke-on-Trent, Staffshire,
ST4 2DE, UK

3STATS Ltd, Porterswood House, St. Albans, Hertfoids AL3 6PO, UK

*Corresponding author: John Jervis (j.jervis@epskeele.ac.uk)

The electrical resistivity survey method has beleoms to be capable of detecting graves in both
criminal investigations and controlled experimeot®r buried animal cadavers. Graves are usually



associated with low resistivity anomalies in thevey data and soil resistivity formulae suggest tha
this may be a result of increased porosity of treve soil, or alternatively, the release of conhect
fluids by the decomposing cadaver, or a combinatfdthe two.

In this study, repeat survey data, collected mgnfitdm two study sites and over several simulated
graves, including buried pig cadavers and emp#t jpés’ (i.e. graves that do not contain a bodys,
used alongside a program of soil and groundwatapbiag to determine the relative importance of
disturbed soil and cadaver decomposition in caudiiegresistance anomalies associated with the
graves.

Initial results suggest that in the first few mantfter burial the grave anomaly in the resistidiata

is caused entirely by the fluid produced duringasest decomposition. However, statistical analyéis o
the soil sampling data indicate that there is aif@ant difference in porosity between the graeé s
and the undisturbed control samples, and a subtdmaly is observed to coincide with an empty test
pit from approximately six months after the grawese created. Low resistance anomalies caused by
decompositional fluids appear to have a finiteslii@n, and the results of these experiments suggest
that in the longer term (one year to a few yeag-parial), the ability of a resistivity survey tietect

a grave may be determined solely by the resistrgisponse of the disturbed soil.

The use of topographic and geophysical survey tecigues in the
characterisation of search sites

Peter Barker, Claire Graharh
'Stratascan Ltd, Vineyard House, Upper Hook Roadoi}ppon-Severn, Worcestershire, WR8 0SA, UK
*Corresponding author: Peter Barker (peter.barkert@sascan.co.uk)

Search areas for clandestine burials can be vegg.l&o00d quality intelligence can help in reducing
the size of the search area but for this to bectfiely used it may be necessary to characterseitk
to match the information in the intelligence witbpaopriate sections of the site.

The characterisation process can involve addingpg@phic detail onto readily available base
mapping from, for example, the Ordnance Survey.pBgsics can also help with the process in
determining the extent and depth of various depasiground conditions.

This characterisation can reduce the search ar@s permitting cost effective dog searches, ferth
more detailed geophysics, which may identify indial targets, or 100% intrusive investigation.
Examples of recent work will be shown to demonsttae use of these techniques together with the
results of field trials to detect known targetshnatvariety of techniques.

Pigs in Shelf

Armin Schmidt*, Chris Gaffney, Rob Janaway Andy Wilsort, Hazel Woodhanis
'Archaeological Sciences, Division of AGES, Univeyrsif Bradford, Bradford, West Yorkshire, BD7 1DBK
*Corresponding author: Armin Schmidt (A.Schmidt@dfcad.ac.uk)

Geophysical methods are increasingly being useddrsearch for clandestine burials and it has been
recognised that they can help to identify ‘hotspats part a forensic investigation sequence. To
establish their efficiency, several tests were uatten but published results report mixed success.
Some authors were positive despite poor resultss{iould not be discarded as hopeless”) and it is
possible that problems arose because standard ygophtechniques were not sufficiently modified
for the specific requirements of forensic search.

The Archaeological Prospection Research Group atUhiversity of Bradford has carried out
geophysical tests since the 1990s to investigasporeses of geophysical techniques to buried
decomposing bodies. It is generally accepted tigatgrcasses form an appropriate analogy to human



bodies in relation to body mass, fat content ar@baposition. Several pigs were therefore buried in
different soil environments and various burial exts$ (e.g. wrapped in polythene), and geophysical
techniques were employed to measure the variafioesponses with time. This paper reports on the
results from a site in Shelf, near Bradford, wheseth resistance surveys and ground penetratirag rad
(GPR) were used to test several such burials, hegetith the collection of environmental data.

Although the buried carcasses produced clear gesigadiyanomalies at some stage, their identification
against general soil variability proved difficulverall. Environmental conditions were shown to be
critical and their analysis assisted the interpi@ateof geophysical results

An evaluation of the combined application of groundpenetrating radar and
3D laser scanning in the location and rapid recordig of skeletal human
remains

James Ferin, Paul CheethaimJeremy Pile

Centre for Forensic Sciences, School of Consemaitiences, Bournemouth University, Bournemouthl1BH
5BB, UK

*Corresponding author: James Fenn (jamesfenn1@gouait)

The location and recording of buried skeletal remmaparticularly if disarticulated and lying thrdug
the plane of excavation spits, presents a condillerehallenge to investigators recovering and
recording with such material. This paper considérs application of high frequency ground-
penetrating radar (GPR) in combination with 3D tasmmnning for the direct locating and recording of
skeletal elements in a shallow burial environméinassesses the ability of the GPR and to aid the
forensic expert in the locating of skeletal remaiigere the disturbance of the grave itself might no
provide a sufficient geophysical contrast. The aede was conducted on an archaeological excavation
of a cemetery containing a series of inhumationgngato the mediaeval period and earlier. It
investigated an area of backfilled ditch that hedkealed a series of apparently disarticulated human
remains protruding from the ditch section. The aoithis test area was a relatively dry, loosedgan
clay loam which would be expected to prove suitdbtehigh frequency GPR survey. The experiment
used high frequency ground penetrating radar (86x)Mo conduct two orthogonal surveys over a
survey area of 1.2m x 2m employing a 0.01m samgkrval along the survey traverse and a 0.10m
traverse interval (Fig. 1). Prior to the commencenht the GPR survey, and in during the intrusive
investigation, 3D laser scanning was applied asotential rapid pre, mid, and post-excavation
recording technique in addition to the traditiopabtographic and 2D plan recording. Having cleaned
the section face and cleared the surface of vegetain initial 3D scan was carried out. The GPR
survey then commenced running north-south, trassver the assumed burials, and then east-west,
parallel to the assumed burials. Significant arloos GPR reflections occurred, which were
consistent in grid location on both directionah@ys (see Fig. 2 for sample GPR slices).

Although the application of high frequency GPR (8B{z) provided considerable guidance as to the
precise location of the buried crania and as togdmeral orientation of the burial as a whole,Hert
experimentation applying a higher frequency radderana at a traverse of less than 0.10m would be
recommended to improve resolution in the hope dfviduating bone with greater precision. 3-D
laser scanning as a rapid recording technique dstmaded impressive capability both in terms of scan
resolution and in general measurement accuracyebvenyfinite resolution and time consumption are
issues to be readdressed with the emergence dddipgrmodels and advancing scan technology.
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Fig. 1. Ditch section containing disturbed burials (suefaZm x 1.2m GPR survey area).
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Fig. 2: Images A and B are a sample raw data slices @& Hz GPR orthogonal surveys in which
two clear GPR anomalies are highlighted. On exdawaif the target area a conclusion was reached
that these anomalies represented the crania ofstvatlow burials (one intact and one partially
fragmented, highlighted in the 3D laser scan, imagand in site photograph, image D).




Forensic geophysics in support of the comprehensiveiclear test ban

George Tuckwelt, Luis Gaya-Piqué Rainier Arndft
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*Corresponding author: George Tuckwell (george.inek@stats.co.uk)

Near-surface geophysical techniques are a critizal set for the verification of a suspected nuclea
explosion. Beyond the seismic and radionuclide adigres of an underground explosion, further
evidence is required to locate and verify the reatifra suspicious event.

We will provide an overview of the expected geojptsissignatures of an underground nuclear
explosion (UNE) in terms of deep disruptions tolggal strata and hydrogeology, and in terms of
the shallow buried remains of the infrastructurgoamted with the preparation and monitoring of the
test. Data from published cases studies and cetladiiring recent field exercises will be presemted
stimulate useful discussion within the expert comityu

On-site inspections are conducted to verify Statesipliance with the Comprehensive Nuclear-Test-
Ban Treaty (CTBT). An on-site inspection is launthe establish whether or not a nuclear explosion
has been carried out. During such an inspectimtsfare gathered to identify a possible violafor o

the Treaty. It thus constitutes the final verifioat measure under the CTBT. The Preparatory
Commission for the Comprehensive Nuclear-Test-Bagafy Organisation was established on 19
November 1996 by a Resolution adopted by the MgetirStates Signatories at the United Nations in
New York. This Preparatory Commission is laying tdroundwork required to build up the global

verification regime and monitor compliance with ffreaty.

Preparations for an on-site inspection have towi# as there is only a narrow time window during
which some of the conclusive evidence for a tre@tiation can be obtained. Time scale is only part
of the web of logistical and technical challengedace the international team of geophysicists and
other experts involved in an inspection.

The most recent field exercise, “The Integratedd-iexercise 2008” will be the first large-scale, as
well as the most comprehensive, on site inspeceégarcise ever conducted by the CTBTO.
Kurchatov is a small, sleepy town on the river €iti Kazakhstan, downstream from the town of
Semey. The exercise took place in a deserted augilly 160 km to the south east of the town, within
the former Soviet Union's nuclear test site Seripadk. The technical challenges identified as phrt
the exercise will inform the ongoing training amgearch undertaken by the CTBTO.

From Cromwell Street to Jersey: 25 years of cablesnd images

John Hunte, Barrie Simpsoh

'University of Birmingham, Department of Ancient kisy & Archaeology and Forensic Support Archaeology
Group, Edgbaston, Birmingham, West Midlands, BT%,2JK

*Corresponding author: John Hunter (j.r.hunter@bhamuk)

Geophysics has now been used for almost a qudrtarcentury in the UK in supporting criminal
investigation, mostly in the location of buried mer victims. But how far has geological,
engineering, or archaeological geophysics develdpeoh a straight forward application into a
forensic discipline in its own right? Publishecetdture includes a number of specific case studies
where geophysics has been used, but the natueeamdl limitations of the subject are rarely defined
or explored.

This paper attempts to review the position of ggsms in criminal investigation through the
experience of two ‘clients’, both forensic archagidts, one being a former Senior Investigating
Officer (SI10).



Specific areas of enquiry include:
e The integration of geophysicists within the crinlimwestigation framework.
« Wider awareness of geophysical processes andith@ations (feasibility and logistics).
¢ Real time analysis.
e The significance of site histories.
* Levels of confidence in site elimination.

e The importance of ‘ground truthing’ and feedback.

Raman Spectroscopy: a forensic geological and geachiaeological
perspective

Howell Edwardys, Tasnim Munshi

'Chemical & Forensic Sciences, University Analyti€antre, School of Life Sciences, University of @iad,
Bradford, BD7 1DP, UK

*Corresponding author: Howell Edwards (h.g.m.edwa@bradford.ac.uk)

The importance of the molecular analytical inforimatresulting from the adoption of Raman
spectroscopic techniques in geological and geoentbgical science is now well realised. In this
survey of recent work carried out in our laborasréeveral aspects of the data provided by the non-
destructive Raman spectroscopic analysis of wailltpas, rock art, frescoes, skeletal remains and
buried artefacts will be used to illustrate Ram@ecsroscopic applications to geoarchaeological
problems. Since Raman spectroscopy does nhot regjtlirer the chemical or mechanical pre-treatment
of the specimen, it is now being advocated as maw, first-pass analytical technique for the
examination of samples, highlighting regions dierast which may then be subjected to further
testing of a more destructive nature, so maximighegy information that can be obtained from the
specimen. Unlike infrared spectroscopy, Raman speein be routinely recorded over a wave-number
range from 3500-100 cm-1 using one instrumentnsorapassing the molecular vibrations of organic
and inorganic compounds and affording the oppaifui assess the interactions between pigments,
biomaterials and their substrates without detachmeseparation of the components of the specimen.
This has particular advantage for the study of igpexcs that exhibit variable states of degradation,
such as those obtained from forensic geoarchaealogkcavations. A further advantage of confocal
Raman microscopy is the ability to record subswfaeolecular information from inclusions in
transparent, crystalline geological materials withdeaving the specimen and exposing them to the
atmosphere.

Examples of this approach will be selected from fbkowing case studies in geology and
geoarchaeology:

e Specimens of rock art and frescoes that have hdgacted to biodegradation processes from
prehistoric to the Renaissance periods; definibbrthe use of ancient technologies for the
preparation of materials.

* Geographical sourcing of resins from buried artsfal®@aman spectral discrimination between
the botanical origins of several resins that haeenbcommonly used in antiquity up to the
present time, effects of degradation in the dejuost environment.

« The use of Raman spectroscopy as a first-pass olateanalytical probe for an Egyptian
Dynastic painted sarcophagus fragment and theifaation of deposits on Inuit boots.

* The degradation of biomaterials and human sketetahins from a stone cist dating from the
Dark Ages (ca. 1400 y BP) and from the excavatioa Bronze Age tumulus.



* The identification of fragments associated with annskeletal remains found during pipeline
construction work.

e The conservation and restoration of an importaegdo, c300y BP, that was badly damaged
by gunfire and conflagration during the SpanishilGiVar in 1936, for which no information
was available about the mineral pigments used byattist and the thermal effects to which
they were exposed.

« The Raman confocal microspectroscopic study of dmémpgical inclusions in a crystalline
mineral matrix from hot and cold deserts: cyanatr@at colonisation of selenite form the
Haughton Crater in the Canadian Arctic, from theulRhl-Khalil sabkha in the Arabian
Desert and from the ancient stromatolitic depoattshe North Pole Dome at Pilbara in
Western Australia. These are classic examples ef ube of Raman spectroscopy to
characterise non destructively organic componepften only representing nanogram
quantities in several hundred grams of matrix.

The characteristic biosignatures of lichens andnopacteria found in the Raman spectra of
deteriorated wall-paintings and their substrated ianburied biomaterials pointed to early signs of
biodeterioration which could be used by forensahaeologists for the prioritisation of their speemm
conservation strategy. The Raman spectroscopitifidation of organics in pigment mixtures can be
used to select areas for special destructive samfidir supporting further analytical characterizati
using other techniques.

The miniaturisation of laboratory-based Raman spewtric instrumentation for forensic and
geological field work is appreciated for future baiaal development and some statements and
preliminary data will be given on this aspect & ¢émd of the presentation.

The application of Raman Spectroscopy for the anafis of a range of
biomaterials with forensic implications

Tasnim MunsHi, Howell Edwards

Chemical & Forensic Sciences, University AnalytiGantre, School of Life Sciences, University of @ad,
Bradford, BD7 1DP, UK

*Corresponding author: Tasnim Munshi (t.munshi@ Boad.ac.uk)

Raman spectroscopy is non-destructive and reqliitiesor no sample preparation. This allows the
application of this technique to be suitable far ithentification of a range of materials encourdére
the forensic field. The advantage and applicatibiRaman techniques to evidential material from
crime scenes is attractive and this current stultiresses the application of this technique to geaan
of biomaterials.

The objective of this study was to characterisenaiterials encountered in the forensic context. The
Raman spectra of a range of drugs, explosives aoies are reported using Fourier-Transform,
conventional dispersive and remote sensing porfablman spectroscopy. The ability to characterise
different biomaterials was evaluated. The applicatof portable Raman spectrometer for the
identification is also demonstrated and proposed tfee insitu characterisation of suspected
biomaterials at airports.

The degradation of materials exposed to the enwieatt or in a burial context can affect the observed
Raman bands in recognisable ways, which assistsntbgpretation of the deteriorative processes
through characteristic biomarkers. Raman spedtrefore, can provide a source of data on the
historical environmental conditions to which forenarchaeological specimens have been subjected
and can give forensic scientists a new perspediveexcavated artefacts and materials. Several
examples will be used to illustrate the applicatioh Raman spectroscopic techniques to the
characterisation of biomaterials, including humad animal skeletal remains and the influence of the



burial environment on the protein degradation, rifisination between real and fake ivories, and 1sin
such as dragon’s blood, amber, and their geograbédeircing.

Application of micro-Raman spectroscopy to forensigeosciences

Alexandra Guedés Angel Carmelo Priefg Armanda Doéri4 Bruno Valentim, Perla Ferrér,
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Forensic scientists analyse a wide variety of nelteto help solve some crimes. New developments
in techniques for determining the origin of thesatenials are making the science of detection much
more precise.

Micro-Raman Spectroscopy (MRS) is a highly sensitechnique used to characterise materials since
this provides unique spectra, or a characteridtigerprint’ (signature). This analytical technique
combines reliability and sensitivity, it is non-tlegtive and may be appligdsitu. MRS does not
require sample preparation and may be performed different sized samples. Therefore, MRS is an
ideal technique in forensic sciences and the agiplity of Raman spectroscopy to solve forensic
problems has been improved in recent years.

The use of MRS in the Centre of Geology, UniversityPorto, is mainly related to the identification
and characterization of minerals, gemstones, pitsnefly ash, carbon materials and the
discrimination of writing inks, among others. Saagptan be analysed without extraction and contact,
with high speed of analysis and preventing contation. This equipment allows an analysis of spot
samples, which can be as small pml

This research centre has been developing and inepiiamy analytical protocols for the identification
and characterization of different materials. Fumi@re, a database has been developed, which may be
applied to judicial cases related to different &/pécrimes. Therefore, minerals and pigments (used
artwork), fly ash and carbon materials, and a ctbb@ of writing inks are being characterised and
catalogued in a MRS database of material typesatieatnore frequently used throughout Portugal.

Forensic investigation of soil in the Russian Fedation
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The Russian Federal Centre of Forensic Sciencédd@sparent organization of the State Expert
Institutions of the Ministry of Justice, in the Rien Federation. Forensic examination status and
forensic expert status are included in the ‘CodeéCominal Procedure of the Federation’, and the
Federal Law covers experts within the Federatidre State Expert Institutions’ encompasses about
50 laboratories and centres, situated all over iRug$fie basic purpose of the Centre is to undertake
forensic examinations with the aim of guarantegangtection of human rights and freedom, and
interests of the State. The main tasks of the €antludes; scientific investigations, developireyn
and original forensic research methods, writing nads for use by forensic experts, reviewing experts
practice in Russia and globally, training and ¢iegtion of forensic experts; reviewing experts'
investigations with the purpose of improving theligy of their work.



A state expert, according to the federal law, nashighly educated, possess special knowledgesin th
field of forensics, study the main principals ofh@ General Theory of Forensic’ and take the
examination.

The Centre consists of numerous laboratories offeservices that cover about 100 different
specialities. Within the Centre, the ‘LaboratoryRafrensic Soil and Biological Investigations’ iseon
of the oldest. This laboratory collaborates withestlaboratories and academic institutes.

Soils, whether natural or anthropogenic, are compigterials containing a large number of
components, from both a natural and anthropogesiccs. A forensic soil specialist usually has to
analyse numerous soil samples and its componemtslar to determine the origin of the soil, which
often may be a complex and time consuming procedigams of international specialists seem to
have independently concluded that the multi-digegsly analysis of soil enables a greater number of
soil characteristics to be measured, which potiytiaay be used as evidence in court as part of a
forensic investigation.

In the period 1970-80, forensic analysis develomagkedly in the Soviet Union, which formalised

the discipline, previously absent and the ‘TheofyForensic (Legal) examination was developed
(jurist theorists). In 1976, V.S. Mitrychev devedmpone of the main principles of this theory, the
method of ‘identification of the whole by parts’.ady soil forensic investigations were reviewed and
summarised to provide a strategy for the analySisod. The main principle developed, was soil

forensics experts should investigate the whole €rgoene (for example, soil cover or soil from a
burial) by a sequential examination of the componesrts. For example, the analysis of each
individual soil layer (such as the soil micro-aggates, mineral particles, anthropogenic particles,
plant particles and pollen) on items of clothingotier objects. By adopting this method the forensi

soil specialist undertakes an investigation whidyrink a victim, or object, to the crime scene, a
suspect, offender, or particular geographical locatbased on the complex analysis of soil and its
components. This may be achieved by adopting theaxfimg procedure:

* Identification tasks: are the soil layers on thems$ under investigation derived from, or
composed of soil, and if so do they have generd/anspecific association with the crime
scene (burial or other place)? Are the soil layensthe items from the crime scene or
elsewhere?

« Diagnostic tasks: what is the provenance of a ambst which geographical region, or
location could the soil originate? Often there ie mtelligence to assists with the
investigation, only the soil samples (known aslenthcase’).

e Situational tasks: what is the position of a saihple on clothes (such as footwear) and what
is its distribution and stratification? Does thesition of the soil support the accounts given in
case reports? How was the soil deposited on thieetiary item?

As similar soil types are widely distributed itreely possible to determine absolutely the soarat
location of a particular soil sample, without sodegree of uncertainty.

Typical investigations involve the bulk analysissofl and the identification of trace evidence. Jde
may be derived from a complex, highly variable ggatal and/or anthropogenic source, which
includes for example; rocks, soils, dust deriveahfrbuilding materials and other materials from an
anthropogenic origin.

There are a number of difficulties during the asmlyof soil as part of a forensic investigation. As
stated above, rarely can a definitive associatmediablished between soil samples and a crimescen
because many similar soils occur in many diffeqgiaces, which is the case in the region around
Moscow. Bulk sampling of soils layers may resulaimis-representation of the individual soils types
The physical and chemical characteristics of saila crime scene can vary within a short distarfice o
less than 1m, and therefore the soil samples tal@nnot give a complete representation of the soil
present at the crime scene. There is also a probteen only very small amounts of soil are avadabl



to be analysed. In these cases chemical analyslgjuslitative and quantitative X-ray phase analysi
should be applied with great care. The applicatbrsimple, more primitive methods can also be
particularly useful when there is only a small s@imple, for example; comparative examinations of
morphological singularities of soil micro-aggregatesing light stereomicroscopy, and/or the
comparative study of morphological features of $raalounts of soil put into a water drop with the
visualization of the results using a digital camera

In cases when soil layers on items/objects origifiadm urban areas, there may be complex particles
and materials from an anthropogenic origin. Thiy nmezrease the likelihood for the characterization
of the soil at a crime scene and to establish silpleslink between items/objects and the crime scen

Very often, in forensic samples there is a mixifrsoil micro-aggregates, mineral particles of naltu
and manufactured origin, plant particles (includpgllen) and mammalian hair. In these types of
complex investigations there is an expert-coordinatvho is familiar with all available analytical
techniques and methods. We operate on the princplevolving a number of experts, with a
balanced suite of methods. This combined approachalivays more effective than separate
investigations. Furthermore, the analysis of digenformation, using different specialists, strémgts
the evidence of an individual case.

To determine the nature of small, non-organic, Embgenic materials, these are subjected to a
morphological examination using light microscopy,combination with chemical analysis using X-
ray micro-probe fluorescence and energy dispersii@o-probe X-ray analysis. If small organic
particles are present in a soil sample then thraried (IR) spectroscopy method with Fourier analysi
have proved to be the most effective techniquesiéSiorensic scientists are particularly interested
developing new instrumental techniques for anatysiore precisely mixtures of small particles from
different sources, within a shorter time frame.

This paper will discuss cases where the forensamtification and analysis of soils has been

undertaken in the Russian Federation. This pajer daws attention to potential constraints during

the forensic analysis of soil and invites otheredates to discuss how an international standard
approach may be developed for the forensic anabfsiecks, soils and man-made materials, so that
this physical evidence may be permitted to be irsedurt.

Field Portable X-ray Fluorescence (FPXRF) spectrontey of soils and the
transfer issue
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'Earth Sciences & Science Education, Buffalo StattleGe, 271 Science Building, 1300 EImwood Avenue,
Buffalo, NY, 14222, USA

*Corresponding author: Elisa Bergslien (BERGSLET @&lostate.edu)

Field Portable X-ray Fluorescence (FPXRF) specttonteas become a common technique for many
forensic and environmental geoscience applicatioAstypical FPXRF system uses either an x-ray
tube or radioisotope as an excitation source taliate samples. The incident x-rays interact wieh
samples atomic structure by knocking electrons ftbeir inner shells, leaving vacancies that are
filled as outer shell electrons release energyliari to new ground states. The energy releasééd w
be an x-ray equivalent in energy to the energyediffice between the two shells. Since each element
has a characteristic arrangement of electrons¢-tlag's released by such transitions will be unitue
that element, allowing its identification. By coammg the intensities of x-rays from an unknown
sample to those of a suitable standard, elemeatapasition can be quantified.

Field portable units employ energy dispersive areaty that convert the x-rays incident on the solid-
state detector into an electronic signal based lootgm energy. The major limitations of this

technique are lower detector resolution than wangthe dispersive systems and more significant
spectral overlap issues that also effect resolutegmpecially on light elements. Laboratory based
energy-dispersive x-ray (EDX) fluorescence systaram analyze for elements from sodium to



uranium, but FPXRF systems, because they are wpikiair, generally are unable to detect elements
lighter than phosphorus. This latter limitation Iségnificance from a forensic geology perspectas,
the most common elemental constituents of minesdlspn, oxygen, aluminum and magnesium, are
not detectable. However, heavier elements can ddilyedetected, some with great sensitivity. This
suggests that it may be possible to differentig@agical materials, such as soils, based on ttaie
element content. Potential forensic applicatiaomduide analysis of mineral and rock deposits on
automobile tires, shoes, carpets etc. and direapadson with materials found at the crime scene.

For the past three years samples have been cdllémtean ongoing intrusive analysis project to

determine the mineralogy, using x-ray diffractioand elemental composition, using x-ray

fluorescence, of soils in western New York, witke flong term goal of developing a database. Soil
samples weighing approximately 100g each are deliefrom urban, suburban and rural recreation
areas using a 50 mm x 50 mm x 20 mm sample fratme.s@mples are oven dried for 24 hours then
homogenized and placed in XRF sample holders.

The samples are then analyzed using a Niton XUdHMertable X-ray Fluorescence (FPXRF) unit
with a low power (1.0W) Ag anode x-ray tube and ®i8l detector. The unit is set in bulk soil mode
and sample data is collected for 150 seconds. @erldetection limits for this approach are tygical
10-50 ppm for titanium to plutonium, 250 ppm fortgesium to scandium, and between 1-5% for
phosphorous to argon.

Broadly speaking there are two major sources aktelements in the environment. The first is the
local geological environment. The second is anthgepic releases into the environment via such
activities as manufacturing, mining and power gatien. At this point in the project, 58 samples,
collected from 14 different sites, have been aredyFor the majority of the soil samples thererare
clear distribution characteristics to allow diffetiation based on composition. This is relatively
unsurprising since geologically speaking all of Hanples collected have been from approximately
the same basic underlying parent material: doloraitd/or limestone with some addition of shale.
Iron concentration appears to be geologically adletl, while other elements, such as silver,
strontium and rubidium, do not show any significeahds.

In general, the urban samples do show significaritier levels of lead (150-370 ppm), iron (28,350
ppm) and zinc (230 ppm) than the suburban sampm85ppm, ¢20,000 ppm and c100 ppm
respectively), which could potentially become a fuldliscriminator. Lead especially varies
significantly from <13 to >600 ppm. More of intetesarsenic and chromium show localized
anthropogenic highs associated with proximity tarses such as chromated copper arsenate (CCA)
treated wooden structures. Thus, broadly speakingt local soils do not appear to have strong trace
elemental signatures, but some soils that have béfented by local anthropogenic sources may
indeed be distinguishable.

To take the forensic aspects of this project a &igher, samples that have been transferred tacfab
are also being analyzed. A variety of samples leen characterized using XRF. These samples are
then poured loosely into large plastic mixing pansl the surfaces moisten using distilled water. A
section of clean denim, which shows up as a blamgnnanalyzed using XRF, is pressed into the soil
using the knee. The denim is then lifted, placedadlat surface and analyzed. The objective is to
compare the trace element composition of the bail transferred to the bulk sample. Thus far, too
little data has been collected to make any sigmifistatements.




The spatial and temporal distribution of pollen in an indoor setting and
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This study investigates the spatial and tempogttidution of various palynomorphs with particular
reference to the enclosed setting of the interfom biouse and on writing paper. Experiments were
conducted to ascertain the natural distributiorpolien derived from cut flowers which had been
placed in a vase, in a normally used living roofine spatial distribution of pollen was identifiet?d
hour intervals for a duration of 9 days. The rissahow that pollen is collected on various suiace
within the room and this facilitates transfer omgperson who enters it. The second experiment
investigated the ability of pollen to adhere to timg materials that were used within a room
containing cut flowers. The seasonal distributidwlifferent flowering plants provided the possilyil
that ink on the paper might collect pollen. Thegance of such temporally specific indicators could
provide a means of verifying or indeed casting daotie purported calendar date of the written
document with implications for the detection of downt fraud. The results demonstrated that whilst
ink did indeed trap pollen (and that ball point peas the most receptive type of ink), the paper had
greater retentive properties, particularly if theesof the hand rested on the paper during thegssoc
of writing. Various papers were tested and diffee=n were identified between their retentive
capabilities thus suggesting that pollen on papmesdindeed have great potential for verifying
purported document dates such as is found in adstraills and other legal documents.

Application of geological knowledge in solving disptes

Isabel Fernand&s Fernando NoronHa
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Corresponding author: Isabel Fernandes (isabel.eri@gmail.com)

Disputes related to water supply are common inugait especially in the northern interior of the
country, where mainly granitic and schist rockscoyp. In small villages and farms, many water
wells, some of them drilled in the first half oetR0th century, are sited based on local knowlekige.
theses regions the geology is important as it gtyodetermines the locations and depth where
groundwater can be found. The growth and expardiambanization, agricultural intensification and
climate changes are leading to water scarcity mesplaces where local people thought good quality
water would always be available. In some instandisputes between neighbours are being settled in
courts of law, which have recently started to retjube assistance of experts. In this presentation,
some case examples are presented related to tlggmeed and this is explained from a technical
(geological) perspective.

Bricks and mortar: how much circumstantial evidenceis enough?
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Forensic analysis of geomaterials very often islus® circumstantial evidence to help build a case.
As such judging when ‘enough is enough’ is nottfue forensic scientist, but for the legal team to



decide. This case history highlights just a sitratwhen following initial matching of fired clay
bricks to a murder investigation, with an extremigigh degree of assurance, the barristers acting fo
the Crown Prosecution Service (CPS) wanted more!

The case study shows that some times, three tilmesvidence provides more that 3 times the
assurance that the evidence is very strong and hiképlegal team build a very robust case. This
paper shows how evidence collected during a mundestigation was used to establish a prosecution
case backed by ‘hard’ evidence from what are, e¢ faalue, very common and widely available
construction materials. Evidential links rangenfrthe very obvious to the more tenuous, but togethe
presented a package of circumstantial evidenceshsitdeemed so strong that it was not challenged.

The analytical techniques used are not at theirguttdge of science’ however, they do show that
sound analytical techniques and a knowledge ofrihterials in question, how they are made, what
they are made from, and where they are sold/supfrien, can help reduce the size of the proverbial
‘haystack’ when looking for evidence from commordgcurring materials found throughout the
region, country or even world.

Preservation and analysis of three-dimensional fowtear evidence in soils:
the application of optical laser scanning
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This paper explore the application of optical lassnning to the collection, preservation and amsly
of footwear evidence in soils using examples fromdeo-archaeological record along with a series of
scenario based experiments. Optical laser scanpiogides a direct, non-invasive method of
recording footwear evidence with sub-millimetre @ecy. It allows the original print to be re-vesit

at any time using a range of viewing angles andhtlidluminations at any time within an
investigation. The paper explores the practicpkats associated with the routine deployment of the
technique at a crime scene and how these can bbecore as well as providing evidence of how the
technique could revolutionize the collection and@lgsis of footwear evidence. The latter point is
illustrated with examples from the geo-archaeolalgiand geological record and via a series of
scenario based experiments. The results demandinat potential of optical laser scanning for
forensic investigations.

Instrumental Neutron Activation Analysis (INAA): pr actice and potential
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Instrumental Neutron Activation Analysis (INAA) ia relatively straightforward technique for
determining elemental abundances in a wide rangeatérials. The method utilizes the interaction
between a thermal (or higher energy) neutron amgcéeus to produce a radioactive nuclide that emits
characteristic gamma rays. The energy of the etngganma rays is used to identify the nuclide and
the intensity of the radiation can be used to deiteg abundance. Solid state detectors are used to
sense the emitted gamma rays, and after suitabtections and comparisons with standards, an
elemental concentration is determined.



The advantages of INAA are; (1) it is a relativelyeap analytical method, a state-of-the-art facilit
can be acquired for significantly less than US$200, compared to the much higher costs of
competing analytical methods; (2) the method is-destructive, hence the same sample can be used
for other measurements; (3) sample size can besraajl, often as little as a milligram; (4) deteati
limits for many elements are in the nanogram rafgeno chemical preparation is required, samples
are analyzed as is; and (6) on the order of 40 esiésncan be measured essentially simultaneously.

The major disadvantage of INAA is that there asrants that may be of interest in the periodicetabl
that cannot be analyzed by INAA. For this reasoAANaboratories often partner with laboratories
that do X-ray fluorescence (XRF) analysis, whichaiscomplementary technique to INAA. The
combined methods can produce high quality dateabwmut 60 elements in the periodic table. The
elements that can routinely be determined by INA#dJ their detection limits, are listed in Table 1.

DL (nanograms) | Elements

0.01-0.1 Au, Eu, Ho, Ir, Sm, Lu

0.1-1 Ag, As, Co, Cs, Hf, La, Sh, Sc, Se, Ta, T, Tm, U, W, Yb
1-10 Ba, Br, Ce, Cr, Gd, Mo, Na, Nd, Ni, Rb, Sr, Zn

10-100 K

100-1000 Fe

Table 1. Detection limits (DL) for elements that can beadetined by INAA.

There are numerous potential applications for IN#&Aforensic investigations. Here we give two
examples, determining the source of maple syrupdemdifying the region of origin of grass samples.

Maple syrup: During the production of maple syrhere are several opportunities for the introduction
of characteristic elemental signatures. Initiahmtatal signatures in the sap due to differencaben
underlying soil chemistry, trace elements introadlidaring the tapping of the tree and transporhéo t
sugar house, and trace elements introduced durenydiling down of the sap to produce maple syrup.
In Table 2 we list selected elements and elemeatals for maple syrup from various sources that
allow us to distinguish between these differentcest

Quebec Newton Winsor Parker Gale
Sc 0.030 0.010 0.009 0.004 0.006
Cr 1.67 0.67 0.71 0.83 0.87
Co 0.119 0.094 0.064 0.073 0.057
Zn 194 9.3 131 50.6 76.3
Rb 9.0 7.5 3.1 10.2 15.7
Sr 175 28.6 13.7 10.7 8.3
As 0.016 0.029 0.014 0.022 0.010
Sb 0.009 0.018 0.010 0.034 0.010
Se 8.72 ppb
Zn/Cr 11.6 13.9 18.5 61 88
Rb/Cs 419 642 363 433 175
Ba/Sr 0.37 0.59 0.18 0.76 1.29
As/Sh 1.91 1.59 1.50 0.64 2.24

Table 2. Elemental characteristic of maple syrup. Numberisald are characteristic of the particular
sample.

Serengeti grasses: Grass samples were collectad drevariety of locations in a several hundred
square kilometre area of Serengeti National ParkTanzania. The major genera are Digitaria,
Pennisetum, Sparobolus, and Themeda. The sampitesawalyzed for a number of trace elements by
INAA. Many elements were determined in the ppb@s &f ppm range. Grass samples collected from
different areas show different abundances and amasdratios for a number of the trace elements.
These variations are in part due to variationshim ¢hemistry of the underlying soils. Hence, trace



element abundances can be used to identify thergeloig location of a grass sample. It should be
noted that 50 years ago mineral exploration gestegised the chemistry of plant materials to explor

for ore deposits. Elevated abundances of the elsnaninterest in the plant material suggested a
possible exploration area. Ecologists have alsevshor the more common elements that there is a
relationship between soil chemistry and plant clsthpi Hence the relationship between soil

chemistry and the chemistry of plant material idlvestablished and can be used to differentiate
between grass samples collected from differentsarea

Communication in forensic geoscience featuring arxample from TV
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Over a century ago Georg Popp was the first seietdipresent a case in court where the geological
composition of soils was used to secure a cringnakiction. Since then there have been considerable
advances in the theory and practice of forensisgjeace. Geoscientists frequently may form pas of
multi-disciplinary team of specialists involved tine investigation of a particular crime or forensic
investigation. The disciplines of geology, geophgstsoil science, microbiology, and geomorphology
have all been used to aid such forensic investigati Increasingly, interest has been shown by
investigating authorities in the application ofthacience to forensic case work. This placesrars o

on the scientist to develop effective means of campating sophisticated methods and complex
terminology to a diversity of audiences.

Geoscientists are frequently required to presentlt® give advice and provide recommendations to a
variety of end users (for example, policy makens, public, lawyers, juries, non-technical spedsljis
police officers, the public and the media). Howewdten, the communication of such information is
challenging, and can often be more difficult thiaa forensic investigation itself. The challeng¢ois
know and understand the communicative style of yoended audience and then adjust accordingly.
For instance, it is vitally important to understdmalv law enforcement officers communicate to each
other, which is typically in a forthright and daeges fashion. Often by communicating results in a
balanced academic fashion this is poorly receivedi misunderstood by law enforcement officers as
being indecisive or inconclusive.

Forensic scientific investigators often use higklyphisticated scientific techniques and complex
terminology, which, when combined with cultural dadguage barriers, social, political, religious or
economic constraints, it can be difficult to convihe correct messages. The recipient can be
disadvantaged in trying to fully understand the liogtions of the information available. In additjon
there are multiple requirements to meet the demahdsr legal systems.

Communication between scientists and victims amd families, the public and the press is a very
sensitive matter. This may be potentially diffictdtmanage at a crime scene or during a search. Thi
requires special training and careful monitoring,b@th can go very wrong. This may be traced, in
part, to poor communication skills and lack of aygpiate training. By comparison, law enforcement
officers are adept and experienced at communicatiftty all sections of society. Effective



communication is a core policing skill. Scientiseve much to learn from law enforcement officers,
and much can be gained from this scientist lawreefaent pairing.

Communication must be considered to be part ofgmoforensic investigation, from the first point of
contact with the investigating officer, to the dissions with the press officer after the case leas b
heard in court.

If the correct message is not conveyed properly,misunderstood, or mis-interpreted, the
consequences can be unpredictable and to the dis@de of many parties. Different context and
types of the communication also must be appreciabgd geoscientists. For instance, the
communication may be rapport building, ‘on-or-offfetrecord’, providing information, providing
investigative intelligence or providing evidence.

Communication is a natural instinctive process, dsb can be a skill learnt by both training and
experience. It relies on the ability to convey mfiation effectively, confidently, clearly and
consistently. This paper provides examples frone cagdies and draws upon UK and international
experiences of the authors, and is primarily airaédaising the awareness of the importance of
communication in forensic geoscience. We must ecgbréhe various routes to that effective
communication, whether it be scientific, newspapeadio or TV. All have their different focus and
audience types, wording and lines of communicadioould reflect this. We should also consider other
routes to communication to the wider public (Fig. 1

Forensic Specialists:
(For example; archaeologists, anthropologistsatists, fingerprint experts, DNA specialists)

Managing the press, media & journalists Victimology assessment

Victim's family

Pubic vqunteer ‘ Canines (VRDs)
%{\ &9 Search
‘& — mZ?]raCLgeme\
~=ﬁ§i\ Search }«
’)‘ for a grav
Politics 454,4‘
Time & financial 1"1 Trained search

Covert operations

Evidence &
intelligence

Aerial imagery & remote sensing

Engineering geology, geomorphology Geophysics & geochemistry

& hydrogeology
Forensic Geoscientist (Geoforensic Specialist)

Fig. 1. The introduction of a geologist to an already ldls&thed police search team must be carefully
co-ordinated and properly managed. The geologist ne able to effectively communicate with the
other subject matter experts, be aware of hisihgtations and understand the role and capabilifes
other experts (modified after Donnelly 2002, puisid in; Donnelly 2008, Harrison & Donnelly
2008).
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The Council for the Registration of Forensic Ptamtiers (CRFP) currently has over 2700 registrants
in a wide range of forensic disciplines, from anfiology to firearms, to linguistics to toxicologyn

its register. Increasingly, courts are looking ¢& svhether those who present forensic evidence are
registered. CRFP is completely independent of ofjm@&fessional groupings and organisations.
Successful registration follows an assessment psoiteat demonstrates current casework competence
as determined by the peer review of a selectiorecént cases by experienced assessors from within
one’s own discipline. Assessment of casework mirey published criteria, which include matters
such as the appropriateness of techniques choskthannterpretation of results in the context of
alternative hypotheses. The specialty of ‘NaturgikSce’ has been created as an umbrella specialty
within CRFP under which a number of smaller disogs can operate. Currently those disciplines
that have been identified as suitable to come umlier grouping are earth science, entomology,
environmental science, hydrology, marine scienagtenrology and plant science. It is possible that
others may be added in due course. The speciditgdded by the Lead Assessor for Natural Science,
Dr Adrian Linacre of the University of Strathclyde.

Initially, in the ‘Natural Science’ specialty assesent will be carried out by experienced CRFP
specialty assessors from related CRFP specialtesy are able to assess the forensic process, with
additional support available from a number of acadeexperts in the relevant fields who have
indicated a willingness to assist in more technitatters. The creation of the ‘Natural Science’
specialty provides an opportunity for those in geesciences and related areas who carry out farensi
work on a fairly frequent basis to consider registn and to benefit from the additional value that
gives when presenting their evidence in court.

Using remote sensing to map and monitor London’s gdazards
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Remote sensing involves observing the Earth’s sarfeom a distance using various types of sensor,
from cameras through to infra-red sensors, raddrlaser scanners. There are many geohazards in
and around London that can be detected using resentsing. The London Clay and Wealden Clays
poses a less dangerous but more widespread hazarsing costly damage through shrink-swell
activity and occasional slope failure. The chalikds have a subsidence hazard, from underground
mining and natural sinkholes. Satellite radar riet®@metry (INSAR) can detect mm-scale ground
deformation in urban areas and has shown that ahth Beneath the feet of many Londoners is not as
solid as they may think.

Aerial photographs collected by the Luftwaffe in lidoVar 2 (WW2) and the Royal Air Force (RAF)
in the late 1940s now form a valuable archive, shgwhe locations of factories and sites associated
with contaminated land. Recently, airborne Lasein#dtry (or LIiDAR: Light Direction And Ranging)
has been used to produce detailed digital elevatiodels of the land surface, with decimetre contour
intervals. Because LIiDAR can determine the top lamsk of vegetation cover, “seeing” through tree
cover; it has been used for mapping sinkholes indland and floodplain hydrological modelling.
The biggest threat to lives and property in Londomes from flooding, especially as global warming



IS increasing the probability of a major North Ss#arm surge, remote sensing is helping us to
visualise, model and (hopefully) better manage sudisaster.

The future of geoforensics
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The halcyon days of forensic geology, when theiagfbn was ‘new’ for geoscientists, and promised
to solve all manner of crimes for the police, avero The reality is that we really are in the best
position by taking what we do best as geosciensints applying it to problems that can broadly be
described as ‘forensic’ (for example; search, caispa/exclusion of materials, identification of
suspect materials/counterfeit goods).At least sévennational meetings; five text and researchkboo
and numerous papers on geoforensics since 2002y als to review what has been achieved.
Together, these can be used to demonstrate whefergasics has been and some likely avenues of
research and application in the future.

At the macro-scale, the increased use of lands@gmamorphological) interpretation, integrated with
geology, and based on advanced, multi-sensor ressitsing, geophysical instrumentation and the
development of new search philosophies, strateggidsmethodologies has enhanced both the search
for buried objects and sampling for forensic analy®dvances made in the ‘search’ aspects of
geoforensics have been made largely directly from riesults of police officers and geoforensic
practitioners working more closely together, in fledd and at crime scenes, to develop geological
search strategies within a law enforcement cont@ktthe micro-scale, multi-proxy analysis of
samples for exclusion and comparison will increglgirbegin with non-destructive testing, followed
by selected specialist work through mineralogy, opemistry, biochemistry, crystallography and
microbiology. Further advances may well come frdre tnalysis of precipitation-based residues,
atmospheric materials and cosmogenic fall-out. Ggoal techniques also have the potential to be
used on unusual materials used in fraud (fakespsdand explosives manufacture and in construction.
One of the most significant geoforensic advancesesR002 has been the recognition of the need for
clear and effective communication between geossisnand the police investigators. The objectives
of this presentation are to provide an overviewegknt developments in geoforensics and to consider
the future role of geoforensics in this rapidly egieg and evolving field of geology.

Soils, plants, pollen, and fungi: a key multidiscipnary approach in
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In many forensic investigations, soils and sedimdmive yielded important evidence. In others,
soiling is not even visible on the exhibit but goasults have been achieved. Rapid scanning of
biological particulates can confirm whether or antitem has even touched soil and, in many cases, i
can differentiate between mineralogically similail and sediment samples.



In recent years, the authors have been involvedases where the examination of pollen, spores,
fungi, and whole plants have had important outcomefinding clandestine burials; finding murder
sites; eliminating irrelevant places; estimatingeiof death; and time of deposition of murder wisti

In a recent test situation, analysis of pollen apdres from clean fabric has even resulted in the
accurate location of the site of transfer whemiild have been anywhere in the world.

In a considerable number of cases, the palynolhdicdianical, and mycological contributions have
provided the only forensic evidence and contributiedsuccessful convictions. Some recent case
histories will be presented to exemplify the uséhefe types of evidence in different situations.

Forensic geology in the United Kingdom and the Unéd States
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Forensic geology is currently enjoying a renaiseandhe United Kingdom, and to a lesser extent in
the United States. Since Murray and Tedrow’s ‘Bsie Geology’, was first published in 1975, the
field has grown such that ‘Forensic Geology’ isametpd especially in Great Britain as a subset@f th
larger discipline of ‘Forensic Geoscience’ or ‘Gar@nsics’ and these include the broader field of
‘Environmental Forensics'.

Recently published papers and discussions withtipoaers indicate differences between the United

Kingdom and the United States in analytical methawld approaches to forensic soil/geology cases.
These differences include more emphases on envaotainforensics, geophysical methods to detect
buried bodies and objects, the use of instrumentthods such as scanning electron microscopy, X-
ray microanalysis, stable isotope applicationgjsties in forensic geoscience research and casewor
in the United Kingdom than in the United Statesséveork in the United States is dominated by

traditional particle characterization. Glass idfcuiion is generally similar in both countries.

Many factors contribute to these differences. Haveprivatization of all forensic laboratories het
United Kingdom, including all governmental laborats, appears to be dominant. This has resulted in
an explosion of both small and large private antvarsity related laboratories. These laboratories,
which are highly competitive among themselves, haaeess to instrumentation not available in most
governmental laboratories. Crime rate, populatiott geographical size also contribute. Case studies
illustrate the different approaches and emphasssroebd across the Atlantic.

The 3rd international conference on soil forensicsalifornia, USA
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The 3rd International Conference on Soil Forensids be held in the ‘fall’ (autumn) of 2010 in
Southern California. The conference is hosted H®y €alifornia Department of Justice and the
California Association of Criminalists. Plans anecover a wide variety of topics related to Foiens
Geosciences and Environmental Geoforensics andat@ la large international contingent of
participants.

Southern California is an exciting venue as it ffbeautiful weather all year round, breath-taking
coastal, mountain and desert scenery, top-rategpgip and restaurants, attractions such as the
original Disneyland and Universal Studios where ynah the sets of your favourite movies and
television programs are located, the Getty Musebmworld famous Long Beach Aquarium, quaint



Catalina Island, and many other sites. Announcesneiit be posted on various forensic geoscience
websites and forensic websites in the near futWike are looking forward to your participation and
hope to see you there!
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Geoforensics is not only concerned with the appboaof geology to help the ‘police’ solve certain
types of crimes. Engineering geologists for examplay be required as expert witnesses or expert
advisors in liability claims, litigations, arbitiahs and tribunals for geological hazards (sucthoasls,
erosion, landslides, rock slides, mudslides, proldeils, shrink-swell clays), mining (including fich
subsidence, mine roof collapses, floor heave, gassgoons, contamination, tailing dam failure,
underground and surface explosions, the collapseighf-walls in open pits) or the failure of civil
engineering raw materials (like concrete), buildilapses, or the failure of structural foundation

The specific details of each individual case aneus vary considerably and may often be complex.
In general, many of these types of investigatioay tve aimed at determining; what happened, where,
and when it occurred, and how and why ‘it’ (the Igg@al event) took place. Often, there may be a
claim of ‘negligence’ or ‘unreasonableness’ or analseeable’ ground conditions, which may have
caused or exacerbated the particular geologicdtl@m There may also be focus on whether the
geological event was actually foreseeable andvifais possible to forecast the timing, magnitude and
likelihood of occurrence of a particular geologibakard or event.

This paper provides four ‘forensic’ case historeds of which required specialist expertise in
engineering geology, geomorphology, mining or geahds.

The first case discusses the reactivation of gécdbdaults and the generation of a major compound
landslide which caused the demolition of at le@shduses and widespread damage to other house and
infrastructure, in Derbyshire, UK. This investigatifocussed on whether the landslide was caused by
the natural failure of an escarpment or whethewas induced by mining subsidence and fault
reactivation.

The second example describes a case in Latin Amerere roof supports failed in an underground
mine due to the presence of soft rocks which caoldsupport the load of the mine machinery.

The third case provides an overview of a frauduhaitting ‘scam’ which influenced significantly a
stock exchange. This was caused by the introdudficgimilar’ (but not identical) mineral grainstm
drill core to artificially inflate the price of theineral resources and the mine assets.

Finally, when a person fell into a crown hole (sod cavity created by the collapse of soil and rock
into mine workings) in the Former Soviet Union, mm geologists with an appreciation of the
geology, mine layout and mining methods influentedlunderground search for the body, which was
subsequently found in the mine, in an abandoneé naadway.
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Traditional methods and techniques used by gedfogisring mineral exploration and geotechnical
site investigations, to map, explore and charassdhe ground are increasingly becoming used i hel
the police search for murder victims’ graves, ir tdK and world-wide. Techniques such as;
geophysics, geochemistry, geomorphological mapgimgbing, trenching, trial pitting and remote
sensing have been used by geologists for severddde to, for example; explore for mineral
resources, locate groundwater supplies, investigggehazards or conduct geotechnical and
engineering geological ground investigations as @faa civil engineering site investigation. These
directly applicable to law enforcement searcheshasunderlying search philosophy, concepts and
principles are similar. That is, an object/targeich as a murder victim or associated items) igetur
or concealed and the ground must be searchedsadeisirable to find the victim.

Historically police searches for murder victim’sages were conducted using visual or manual probe
line (finger-tip) searches, ‘trial and error excémas’ sometimes in association with large numlmérs
police, military, or public (non-specialist) vol@srs. These searches may cover large areas ofdgroun
and walking along formalised gridded sectored areakce dogs (known also as victim recovery dogs
(VRD) or cadaver detecting canines) have been wéidvarying degrees of success. These types of
searches were not always efficient, labour-intengind often may have destroyed the potential to
acquire ‘evidence’. What is more, subtle groundtulisances (such as settlement, compression,
fissures, seeps and springs) often associatedrgiitbtated graves may go noticed. Geologists with a
‘trained eye and an informed mind’ are more likidyobserve such features as they are able to ‘read
the ground’. Combining the skills and experienceagfolice officer (search advisor and associated
assets) with the search and exploration capakiliifea geologist has enabled police searches to be
more effectively and professionally conducted togh level of assurance.

The most valuable service a geologist can offeerid Investigating Officer (SIO), Scene of Crime
Manager (SOCOQ), Crime Scene Manager (CSM), Polesrc® Advisor (POLSA), coroner, or law
enforcement search strategist; is a conceptual haddiee geology and expected ground conditions in
the area where a grave (or buried object) is stisgdo be located. Beforehand however, this relies
on the police providing intelligence on the likalsea where a grave may be located (for example; in
desert, on a mountain, coastline, estuary, woodldedch, remote moorland, landfill site, back
garden, field, quarry, and so on). Possible bwiigls may further be deduced if there is infornmatio
available on behavioural profiling of the offendeigpect, and victimology assessment of the victim.
The geologist is able to provide information onaarevhere a body may be buried (ie. the digability o
the ground). Equally important in the early stagka search, a geologist may be able to suggeas are
where burial or concealment is less likely to htalen place, therefore enabling resources andsasset
to be prioritised, which may be significant in sdas which are ‘time critical’. The geologist may b
able to provide an assessment of the geologicabanthorphological processes which contributed to
soil formation and determine if these processeg ltawmtinued since the burial of a body took place.
An understanding of the origin, source, types, kisses, engineering, chemical and physical
properties of the soil, rocks, groundwater and hbdy (and associated objects such as; clothing,
jewellery, money, drugs, explosives and weaponB)bairequired. The geological factors which may
have a bearing on search scale, philosophy andegyrancludes; tectonic setting, stratigraphy,
lithology, structures, hydrogeology, hydrology, gndwater, hydrochemistry, superficial depositsl, soi
types and thickness, nature of the bedrock interfaengineering properties of the ground,
geomorphological processes, past and current laagdand man’s influences in the ground (such as
mining, building, tipping, digging, utilities, séces and civil engineering). The conceptual gedalgi
model will also need to estimate the geologicabparties’ (condition) of the grave and body, and



determine how these have been influenced by gexslbgnd geomorphological processes since burial
took place.

The conceptual geological model, especially if comat with reconnaissance visits to a crime scene
or search area (to conduct a ‘walk-over’ surveyl) détermine the types of detection methods and
search assets that are most likely to locate theegThe conceptual geological model should evolve
and develop as the search begins, being refinedirapved as more information on the ground
(geology) is acquired. The accuracy of the geoklgneodel will be proven only when the grave and
body has been located. The associated value afdheeptual geological model is that it may also
facilitate communication between the multi-disaipliy subject matter experts that are usually
involved in such a search, and may not necesdagilfamiliar with complex geological terminology.
What is more, it enables the search for a graveetconducted to the highest level of assurance to
prove the presence or absence of a human bodynwitharea suspected to contain a homicide grave.
No single model can be applied to all crime scedes,to the complex range of geological conditions
which are unique to each location. Examples fordigiin interbedded granular and cohesive soils (or
layered peat) in a temperate environment, a deabkha and a desert sand dune are presented in Fig.
1,2&3).
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Fig. 1. Conceptual geological model for a shallow homiagave in interbedded, granular, cohesive

or organic (peat) superficial deposits and soifs, ai temperate environment. The geological,
geomorphological, geophysical, geotechnical andrdgeblogy properties of the body, reinstated

ground and undisturbed ground may change aftealbdihis type of model may assist in determining

the most suitable suite of assets for conductisgaach. This may include for example the deployment
of geophysical surveys and specially trained caddegs (modified after Donnelly 2002, published

in; Harrison & Donnelly 2008).



Mineral precipitates Rock fragments from deeper stratigraphic sequences Intense evaporation
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Fig. 2. Conceptual geological model for a shallow homigave in a desert playa, salina or sabkha.
These may be characterised by ephemeral lakesa@layr flat, vegetation free, topographic lows in
pediment and alluvial plains (salinas), or on calastains (sabkhas). Fine-grained clastic, nonticlas
sediments may accumulate from aeolin and fluvialicpsses or by groundwater flows caused by
capillary rise. Groundwaters are often saline apdnuevaporation deposit evaporite salts on the
ground surface. These deposits, if containing siftd clays, also may be susceptible shrinkage and
desiccation. Ground surface structures can be @o®id these may be disturbed by digging during
body disposal.

Denser, unconsolidated, well-rounded, well-sortédd blown sand
Loose, unconsolidated reinstated sand
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Intense evaporatio Gas (body scent/odour)

Fig. 3. Conceptual geological model for a shallow homiagave in a desert sand dune (an area of
wind-blown sand). Most dune material is composetheflium sized quartz (sand grains, c0.2 to c0.7
mm in diameter). Dunes are usually well-gradedwaeliisorted (similar sized grains) having particles
of similar roundness. Sand dunes have a poor leadry capacity and are difficult to compact. These
loose to medium dense sands may undergo settleandnmhovement by erosion after burial has taken
place. As a result of the engineering and geoteahpiroperties of the sand a distinct ‘gave cutyma
not develop. There may be little, if any, contnagtgeophysical or geotechnical properties between
the undisturbed sand dune and the sand which fesdisturbed (by digging) and reinstated into the
grave to conceal the body. This may make the detecf the body by geophysical methods more
difficult (but not impossible).
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Cutting it fine: blood pattern detection on grass
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Forensic natural science disciplines such as fareswl science, forensic palynology, and forensic
botany, often have to operate outdoors where theament introduces a myriad of variables that
can affect the post-depositional fate of trace ewie. In the case of bloodstain pattern analyis, |
research has been carried out on the effects ofotlidoor environment on the survival and
degradation of bloodstains deposited on variousirahtsurfaces. A review of research to date
indicated that what has been done has been linutekde detection of blood patterns on the ground
surface using luminol, a chemiluminescence reageat, with iron in haemoglobin acting as a
catalyst, reacts with an oxidising agent to prodacdistinctive blue glow. Grass, despite being a
vegetation cover commonly encountered at outddarecscenes, is a surface for which no previous
research on the degradation and detection of blaimdsby these methods has been published. To
study the preservation of bloodstains on grassdpatterns were deposited on test plots and egpose
to the weather (elements) for 2, 6 and 10 weekterAhese time intervals, the samples were tested
with the successor to luminol, Bluestar® Forensiwe results show that although the visibility o th
bloodstains was significantly affected by rainfal,chemiluminescence reaction was detected with
Bluestar® Forensic on all of the samples testedwésld be expected, the older the bloodstains the
less intense this reaction became. However, cutiiegyrass back to a height of approximately 10 mm
above the soil significantly enhanced most of #ections (Fig. 1) as blood residues had been washed
onto the lower parts of the blades and surfacé®fsbil while broadly retaining the patterning loé t
original deposit. Furthermore, for some samplegaation was detected 20 mm down in the soil.

Fig. 1. (Left) chemiluminescence reaction from blood oasgt prior to and (right) after cutting the
grass to a length of 10 mm (photographed with aNiR40 digital camera).

This research has demonstrated the value of Bi$tarensic to detect bloodstains that are up to 9
weeks old deposited on grass and soil, and thefismmce of cutting back the grass for to enhance
detection, and the transport of blood residue the soil profile. As well as extending the time
intervals for this experiment, it is suggested father work should look at blood pattern survieal

a wider range of vegetation and soil types, on rotfagural surfaces (such as rock), together with
investigating the rates of transport of blood resilinto and through soil profiles, and how best to
minimise destruction and maximise evidence recoiresgch situations.
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This paper will examine the usefulness of diatom®cating the deposition and/or recovery locations
of human remains from waterways. Forensic scientise constantly developing new techniques,
many from within other scientific disciplines, tidan answering questions previously thought too
difficult to determine. This follows Locard’s pripte that every contact leaves a trace, even if
detection methods are not at the time capable swfediing it. Trace evidence is at the forefront of
these techniques being developed and includes ¢beofi diatom analysis for tracing locations,
perpetrators and weapons.

Diatoms are a large and ecologically important grotiunicellular or colonial algae. They represant
major taxonomic division of phytoplankton and grabundantly in rivers, colonising almost all
suitable habitats. They are common and frequentiynidate planktonic and benthic algal
communities reacting to changes in limnologicaliatales, such as pH, dissolved organic carbon,
temperature, salinity and brine content and nutsieDifferent species prefer different levels ofgh
factors. This specificity makes them an ideal dégic tool in the world of forensic science, aryas

an under utilised research area of great potditiahsic significance.

This study was undertaken to assess the viabflititilising diatom profiles, as each species isitab
specific, using quantitative microscopy, to loc#ite recovery area of human remains, too badly
degraded to be assessed by pathology, and if pest#ib deposition area, which may enable
investigators to gather more evidence, should relgeired.

Control samples were collected from an area of recdlnshire river where a skull, used as the
unknown sample in this study, was recovered. Athgas were prepared using standard cleaning
techniques applied in environmental and geologiciplines.

The observed data for the control samples was cadga the unknown skull sample. The number of
control samples taken was small and further sanypdedd be required to assess the usefulness of the
technique.

This preliminary study raised many questions thaedh answering and as such a number of
recommendations will be suggested to overcome thiefieiencies in this method of forensic
investigation. In addition, an attempt will be madeyo some way to standardise operating procedures
for the collection and identification of diatoms.

Analysis of simulated clandestine grave contents @ssist search teams in
the detection of clandestine burials
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Recent studies have reported that cadaver decotigmogiroducts have an important role in the
detection of clandestine burials when utilising gegsical methods, they also have a use in ‘time
since death’ determinations. Elevated conductiypty,and certain element concentration levels have



been observed in surface waters downstream of eeie®t Initial work has also been undertaken to
develop soil water chemical tests in an attemjpréwide gravesite indicators.

In this study, simulated clandestine burials weeated in a semi-rural environment using domestic
pig cadavers as human proxys (due to the UK 200#atuTissue Act preventing the use of human
tissue). Two ‘graves’, c2 m x ¢0.5 m were hand-gabted to c0.5m below ground level (bgl). One
grave was backfilled with excavated material toatn ‘empty grave’. The second grave was filled
with the c75 Kg, 1.5 m-long pig carcass, beforekbling and replacing overlying grass sods.
Vertically oriented, water lysemeters were plagetiath graves and in a ‘control’ position well away
from the ‘graves’ to collect ‘empty’, ‘grave’ antbdckground’ soil-water respectively. Lysate samples
were extracted on a fortnightly basis for 6 morghst-burial and stored frozen for subsequent batch
analysis. Collection is ongoing at monthly intesvalhe nearby university campus weather station
allowed for comparative measurements of rainfalfase and 0.5m bgl temperature readings over the
survey period.

Field investigations and, laboratory biochemicalalgpes have been undertaken to offer
complimentary data. Samples have been analysezbfatuctivity and pH, and Merckoquant™ ‘field
test kits’ have been used to offer semi-quantigdyivdetermination of the presence of specific
elements of interest. Conductivity measurementhefgrave’ showed linear increases over the time
period of the study and it was found to be 50 tiraesconductive as background readings after 6
months (Fig. 1). The ‘empty’ grave demonstratedilainreadings to background. A more complex
pattern was found for the pH values, the grave gldoan initial decrease up to 3 months post-burial,
before increasing continually up to six months gmstal; the ‘empty’ and control grave pH levels
were more variable (Fig. 2). Potassium ion coneiotns from the grave showed increasing values
when compared to background. Phosphate levelsligitiecreased up to week 6 and then became
consistently lower than background values. Nitaatd Sulphate levels did not demonstrate elevated
grave values in this study. ICP-OES analysis oflysate showed increasing potassium, sodium and
magnesium values ‘post-burial’, with other elemiemts showing a variable signature. Complex data
from the FTIR trace element spectral analysis aBdd@ES analysis is still ongoing.
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Fig. 1. Sample field measured conductivity values for pig grave, empty grave and background
control values.
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Fig. 2. Laboratory measured pH sample values for the mgey(& best-fit curve), empty grave and
background control values.
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Forensic geophysics is not just about finding hrikead bodies. Shallow and deep geophysical
measurements answer fundamental forensic questisimg science to discover what happened, when
and how.

Seismic data have been used since the First Wodd Wten the German Army used refraction to
predict where heavy artillery guns were locatedpwdahg return fire without direct observation.
Seismic monitoring has allowed the study of bombllagge explosions such as; nuclear weapons
tests, nuclear reactor accidents, chemical expigsfirom terrorist attack to industrial accidents a
mining/quarrying blasts), airplane and train crasHandslides (for example, mine spoil heaps) and
major tunnel collapses.

Electrical resistivity, induced polarity, self-pateal magnetic & electromagnetic methods all have a
major role to play in forensic studies, includingetburial locations of murder victims and the
assessment of toxic waste sites.

Magnetometers have been used to find a truck, insadijack and buried in a sand pit.

Ground-penetrating radar (GPR) has become oneeofntiin geophysical tools for those involved in
the search for buried organic remains such asittieng of homicide and genocide.

Radiometrics have been used for fly-over and sonestiwalk-over surveys of radioactive mine-
waste. In the future, GIS-linked multi-sensor matfs and software advances will make many
shallow geophysical applications even more relet@fdrensic science.




A modelling/inverse-scattering approach to investigte the potential of GPR
for the location of archaeological human remains
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Ground-penetrating radar (GPR) has been used tectddturied human remains in forensic
investigations. However, in archaeological pro§pgcGPR has been used mainly to locate tombs,
burial chambers and coffins, rather than the bdsisifi since the decomposition process makes very
difficult the detection of small-sized skeletal @ns especially if buried in heterogeneous, condeict
soils.

Previous papers have demonstrated the usefulnedmitd-difference modelling to assess the
detectability of human remains for forensic invgations. Numerical simulations can indeed
investigate the ability of GPR to resolve diagnodeatures of the human body under various
subsurface conditions and survey parameters. Theellimgy results can assist in planning the
acquisition of real data and provide test data dealuating the performance of data processing
algorithms.

In this paper, we present the results of a featsitstudy for the use of GPR to locate human remain
in archaeological contexts, and to investigateasolution capabilities. We exploit a novel appioa
based on the integration of modelling and tomog@phwversion. GPR responses for the usual
monostatic or bistatic survey configuration are dated for various body cross-sections (Fig. 1A)
using either a 2D frequency-domain electromagnfetiward solver or 2D and 3D finite-difference
time-domain (FDTD) algorithms. The inversion isfpemed through an innovative frequency-domain
tomographic technique based on the solution ohe@ali inverse-scattering problem under the Born
approximation.

Our results show that, although a proper reconstrucof the distribution of the subsoil
electromagnetic parameters cannot be achievedmplea realistic situations, this technique allows a
better location of buried human remains than cotioeal GPR processing (Fig. 1B).
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Fig 1. (A) Numerical skeleton model placed 0.5m b-é-lowuglcd) level with.“GPR attenuation factors
with; (B) resulting 3D numerical inversion from gkiatic 900 MHz 2D profiles, set 20 mm apart and
20 mm trace interval.
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Local sources of nuisance dust are widespread ist smcieties, be they industrial or agricultural,
urban or rural. Attempts to contain emissions drected by legislation and informed by statutory
guidance, within the overall context of nationatlanternational air quality strategies. In manye=sas
local monitoring is a prerequisite for efficientvééopment of dust suppression. In cases of dispute
particular concern, it is often necessary to carfity attribute problem dust to one or more local
source(s); in effect to answer the fundamental ureswhose dust is it? This contribution describes
method of dust source attribution developed by Besh Ltd, which combines a simple and cost-
effective technique for collecting ambient dust disection, with multi-element analysis by plasma
spectrometry.

DustScan is a passive system for monitoring fugitiust 360° around a replaceable sampling head. It
uses a transparent, permanent adhesive, ‘stickyopaal 70 mm diameter cylindrical monitoring head.
The dust monitoring head is mounted on a standfiaad approximately 2 m from the ground. The
sticky pads are manufactured by specialist sugpfiemm stock material and comprise three principal
layers: a transparent PVC film, a permanent, clioked polymer acrylic adhesive and a silicone-
coated paper liner that is removed at the starhaoritoring. Measurement of dust coverage on the
sticky pads after monitoring uses a computer-basadning system and specific software. The pattern
of dusting on the sticky pad indicates the direcmd scale of potential dust nuisance by direction
Given this information, samples may be taken adogrtb suspected dust source, and subjected to a
range of geochemical analyses including acid diseol (HF-HNO3) prior to analysis by ICPAES or
ICP-MS. Rigorous blank correction procedures asemsal to account for metallic components of the
sticky pads themselves, but good results are addddor a range of elements including Cu, As, Cd and
Pb. Careful assessment of the data often allomseepecific elemental criteria to be establishied;
elemental fingerprints of dust type. In the simplescases, this is sufficient to identify the smiof a
problem dust, but more commonly some form of migtdeconvolution is required. Various intuitive
graphical techniques have been successful in soalé studies, but multivariate statistics provade
powerful tool as the site database increases. &tindised on such technigues have been undertaken at
a variety of industrial sites including landfillsié quarries, packaging warehouses and solid fuel
handling depots, marinas and harbours. Exampl#isest are described in order to give an overview
of the potential offered by low-cost dust samplaguipment when combined with sophisticated but
now standard analytical capability.
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Geoscan Research Ltd designs and manufactures ygeogdhinstrumentation for both professional
and amateur use. Although primarily for archaeaaluse, our products are also used increasingly in
other areas including; environmental, forensicglagical, civil engineering and peace-time military
applications.

The product range at present comprises earth aasestmeters, fluxgate gradiometers, mobile sensor
platforms and associated computer software, wittv meeasurement techniques currently under
development. Our products are low cost, user-flignajht-weight and have proven reliability. Our
equipment has appeared frequently on archaeologichhistorical television programmes (Fig. 1).

Fig 1. (Left) FM256 Fluxgate Gradiometer and (right) SP4O Mlﬂ@sorPlaform with F256
for combined resistance and magnetic surveys.

Bartington Instruments Ltd

Colin Jenkind, Ludovic Letourneur

'Bartington Instruments Ltd, 5 & 10 Thorney Leys Bess Park, Witney, Oxon, OX28 4GE, UK
Tel: 01993 706565

Email: sales@bartington.com

Website: www.bartington.com

Bartington Instruments Ltd is a leader in the desémnd manufacture of high precision fluxgate
magnetometers and magnetic susceptibility instrasne®ur equipment is used worldwide for



archaeological exploration, UXO location, geophgbinvestigations and many other applications that
involve detection of buried magnetic anomalies.

The Grad601 Gradiometer is an ideal instrumenirfagnetometry surveys in archaeology and for
pipe and cable location. Since its introductior2@®4, it has rapidly gained an enviable reputation

its ease of use, automatic set-up and excellebilista With a 1m vertical sensor separation, and
arecently enhanced 0.03nT resolution, recorded idabf a very high quality, whilst fluxgate
technology ensures the Grad601 is one of the kgltstruments available. The MS2 Magnetic
Susceptibility system has become an industry-stanide the susceptibility measurement of soils and
other geological samples. With a wide range of aenand probes, it can be used for both laboratory
and field work. The instrument has a very wide egriof applications including archaeological
prospection, mineral identification, nanoparticl@ealysis and Curie temperature determination.
Bartington Instruments also designs and manufatuserange of single and three-axis fluxgate
magnetometers and gradiometers, along with assdciddta acquisition systems. Our products are
supplied to users involved in physics, medical ptsjggeosciences, industry and defence. (Fig. 1).

Fig. 1. (Left) the Grad601-2 and (right) the MS2 with MSEi2Id Loop.

Allied Associates Geophysical Ltd
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Allied Associates Geophysical Ltd are a suppliergebphysical and Non Destructive Technology
(NTD) equipment with offices in Belgium, Germanydathe UK. Having established in 1988 we have
seen a dramatic change in the traditional use oplyesics partially due to equipment development
and partially due to acceptance by previously nempysical users. Equipment designed 20 years ago



with a dedicated geophysical use can be seen itodag within a host of fringe disciplines inclugin

forensics. The use of magnetics for locating fesrabjects is well known, but recently Ground
probing radar (GPR) has been employed to aid locaif shallow burials be this shallow graves in
earth or under concrete slabs/patios. On a wideerfsic’ remit GPR has played its part in ‘Advance

Search’ situations with Government agencies andisist Armed Forces units deploying GPR in a
number of conflict zones around the world (Fig. )&
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Fig. 2 Mass grave location Bosnia using GSSI Sir-30@@raystem (GPR).




Geomatrix Earth Science Ltd
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Email: sales@geomatrix.co.uk
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Geomatrix Earth Science Ltd is a dedicated instninsepply company specialising in geophysical
instrumentation for the investigation of near scefaground conditions for many applications
including archaeological prospection and forensuestigations.

Our portfolio includes:

e The Pro-Ex and X3M range of ground probing radd?REfrom Mala Geoscience. The Pro-
Ex range includes the ability to use a variety wfeana frequencies to enable you to tailor
your system to the task at hand, be it detectiomari-made or natural voids, buried artefacts
and man-made, built, or excavated structures, hwegald non-metallic services, culverts and
depth to bedrock studies. The Pro-Ex stores dgitallly, so it can be downloaded to PC and
digitally enhanced. Mapped or grid surveys can é&dopmed so areas can be viewed in plan
form, with depth slices at operator selected deptiabling complex structures to be resolved.

« EM conductivity instruments, which are suitable foetallic object location and electrical
conductivity mapping of large areas.

e Caesium vapour and fluxgate magnetometers andagnader systems, which can map man-
made features, obstructions and buried ferrousctsbje

» Electrical resistivity tomography and Seismic syste which are ideally suited to depth to
bedrock determination and Geo-archaeology studies.

Unique to Geomatrix is the Geophysical Explorati®guipment Platform (GEEP) system, which
allows multiple instruments to be mounted on alsiqpdatform which is then towed over the ground
using a small tractor at speeds of 2-3 m/sec depgmah terrain. Positional accuracy is ensureds®y u
of a differential or RTK GPS system depending om desired accuracy of the finished survey. The
GEEP allows large areas to be surveyed in greafldatd at high speeds whilst ensuring high data
quality (Fig. 1). All instruments are available @sale or rental basis.

Fig. 1. (Left) Geophysical Exploration Equipment Platfof@EEP) multi-sensor platform from
Geomatrix showing configurations with 4 caesiumaw@pmagnetometers EM38 installed and (right)
Dual-EM, multi-depth system.




STATS Ltd

George Tuckwell

!STATS Ltd, Porterswood House, Porters Wood, St Adbalertfordshire, AL3 6PQ, UK
Tel: 01727 798643

Email: george.tuckwell@stats.co.uk

Website: www.stats.co.uk

A member of theRSK Group STATS Ltd is a leading consultancy practice wathied technical
resources providing specialist support serviceght property, infrastructure, land development,
construction and construction materials sectors.

Our principal services cover:

* Environmental.

« Ground engineering and remediation.
e Materials in buildings.

« Civil engineering materials.

e Structural investigation.

« Construction quality assurance.

e Laboratory services.

The deployment of the latest equipment, coupled tie field application of the latest processing an
visualisation software can provide key informatiwot available through other means. Geophysical
surveying techniques provide a toolbox of rapidgcdite and cost effective methods for the location
and identification of subsurface features. STAT&@hysical provides expertise, survey design and
site investigation services. We routinely applytestaf the art geophysical instrumentation to the
identification of subsurface variations associatgith man-made and natural phenomena. Our senior
staff have international research profiles throubhir work in geophysical data collection and
interpretation, with work ongoing into new equiprnesind data processing software. STATS
Geophysical provides expert witness, survey deaig site investigation services. Our experience
across many industry sectors allows us to recogamgk distinguish objects concealed within the
ground or structures. We offer rapid, high qualiyficient, professional non-destructive mapping
searches worldwide.

Wiley-Blackwell
John Wiley and Sons

Genevieve Eastwodd

"Wiley-Blackwell, John Wiley & Sons, The Atrium, Siiern Gate, Chichester, West Sussex, PO19 8SQ, UK
Tel: 01243 770410

Email: geastwood@wiley.com

Website: www.interscience.wiley.com; www.blackweilpishing.com or www.wiley.com

Founded in 1807, John Wiley & Sons, has been adatource of information and understanding for
200 years, helping people around the world meet tteeds and fulfill their aspirations. Since 1901,
Wiley and its acquired companies have publishedatbiks of more than 350 Nobel laureates in all
categories: Literature, Economics, Physiology omdii@e, Physics, Chemistry and Peace. Our core



businesses publish scientific, technical, medical acholarly journals, encyclopedias, books, and
online products and services; professional/tradek®osubscription products, training materials, and
online applications and websites; and educatiorakrials for undergraduate and graduate students
and lifelong learners. Wiley's global headquaréeeslocated in Hoboken, New Jersey, with operations
in the USA, Europe, Asia, Canada, and Australize Tompany is listed on the New York Stock
Exchange under the symbols JWa and JWb. Wiley-Blattkvas formed in February 2007 as a result
of the acquisition of Blackwell Publishing Ltd, Bphn Wiley & Sons, and its merger with Wileys
Scientific, Technical, and Medical business. Toggetthe companies have created a global publishing
business with deep strength in every major academid professional field. Wiley-Blackwell
publishes approximately 1,400 scholarly peer-reegig\yournals and an extensive collection of books
with global appeal.
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David Wilbourrt

'DW Consulting, Boekweitakker 28, 3773 BX Barnevditie Netherlands
Tel: +31 342 422338

Email: dwilbourn@dwconsulting.nl

Website: www.dwconsulting.nl

DW Consulting produces software for acquiring, agdang, processing, visualizing and publishing
geophysical data. The programs have been spebifidasigned to meet the needs of archaeologists
and continue to be developed in close co-operatith many instrument manufacturers and users

(Fig.1).
The two main programs are:

* ArcheoSurveyor, this targets 2 dimensional datd sag that created by Magnetometers &
Resistivity meters.

e ArcheoSurveyor3D was developed to display volurnetidata from Magnetic Susceptibility
down-hole probes. However it can also handle oBfiedatasets such as pre-processed GPR
data.

Fig. 1. ArcheoSurveyor Software.
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