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Abstract

A series of soil transference experiments led to the development of two methods to identify and interpret trace soil patterns on clothing fabric. Instigated by an
unsolved murder, this paper developed previous field experiments to visually interpret trace soil patterns on a simulated clothed victim placed on soil during a
crime. Soil transfer patterns were easily identified using direct visual analysis. Image processing software was used to analyse digital photographs and provided
objective, standardised and comprehensive numerical data. This object-oriented classification of all trace soil objects transferred (2 2 pixels) allowed directionality and
abundance of transferred soil to be determined and additionally Munsell soil colour classification could be made.

To gain greater understanding of how the physical transference of soil on a victim’s clothing might indicate the circumstances of an attack, 400 soil transfer

experiments investigated two methods of placing weighted fabric on a wet or dry soil surface. The methodology has now been applied in other case work.

Introduction

Forensic soil evidence has the ability to help police solve crime by
providing valuable associative physical evidence in any circumstance
where it is found [1-9]. However, a void in forensic knowledge was
discovered during a homicide investigation in Western Australia.
During the trial in 2012, which was before a judge only, the judge
concluded that the mineralogy data from the brick particles on the
victim’s bra and the bricks from her front driveway suggested she was
initially attacked in her front yard and not where her body was buried
[10-14].

However, at the time of the trial, no scientific research had been
undertaken to interpret trace soil evidence patterns on common
clothing fabric types. Therefore, the circumstances of the attack could
not be ascertained from this soil evidence alone [12,14]. This murder
remains unsolved.

Recent soil transfer experiments (STEs), both in the laboratory
and field, documented distinct differences in trace soil patterns when a
simulated clothed human body is either dragged or placed upon a soil
surface [15-17]. Up to 20 different soil types and five common clothing
fabrics were tested to better understand the influence of a specific
soil transfer method, soil type, fabric type and surface irregularities/
appendages (clothing seams, plastic buttons and metal buckles) on
resulting trace soil patterns on fabric. An important outcome of
this work was the publication of results from testing different soil
transference methods relevant to soil evidence on clothing (mainly
from a bra) from the unsolved homicide from Western Australia [10-14].

Using the same 20 soil types and four fabrics (cotton, polyester-
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cotton, nylon and polar fleece (polyester brushed on both sides)), 400
STEs were conducted to advance scientific knowledge of forensic soil
science.

Materials and methods

Soil samples

Twenty (20) natural and anthropogenic soils [18] (otherwise
known as Technosol [19,20] or human-altered or human-transported
(HAHT) [21]), originated from three locations: the University of
Tasmania (UTas) Research Farm at Richmond Rd, Cambridge,
Pinnacle Rd on Mount Wellington and the Royal Tasmanian Botanical
Gardens (RTBG), Lower Domain Rd, Hobart, Tasmania, Australia
(Figure 1) [22]. Table 1 provides a summary of the soil morphology
and classifications of these soil samples. Full descriptions of each soil is
provided in Murray et al. [22].

Experimental design

Placing experiments: The method devised by Murray et al.
[15,16,22] to simulate a lifeless or incapacitated clothed human body
dragged across a soil surface, was adapted to test two transfer methods
mimicking the placement of a clothed body on a soil surface. A glass
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Figure 1. Soil map shows the three soil site areas of Cambridge, Hobart and Mount
Wellington, Tasmania [23]; provided by Murray et al. [22].
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Figure 2. Photograph (above) and cross-section of a weighted fabric square placed on
soil material using placement method 1, during a two minute count Soil Transference
Experiment (STE). The glass dish containing bulk soil was placed on a nonslip mat to
prevent movement during each STE.

Pyrex 3 qt/2.8 L dish was filled to >3 cm with bulk soil and placed on a
non-slip mat. Experiments were conducted using both wet and dry soil.
To mimic clothing seams, the 30 cm? fabric squares were sewn down
the middle with a raised seam. Using the same method as Murray et al.
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[22], half of the cotton squares had a 1 cm diameter plastic button sewn
onto them. White coloured fabric was chosen to enable easy detection
of trace soil transferred in minute amounts.

Using placement method 1, a fabric square was secured to a 2 kg
weight by a strong rubber-band. this simulated firm-fitting clothing
worn by a human victim. In order to achieve reproducible and
consistent results, the weighted fabric was placed on wet or dry soil in
a glass baking dish and timed for 2 minutes (Figure 2). Great care was
taken to minimise any movement of the fabric across the soil surface.
The weighted fabric was then carefully lifted up and placed on a clean
surface, in order to immediately photograph the soil transference
pattern. The attached weight not only stabilised soil transfer patterns,
but kept the surface to be photographed and photomicrographed flat
during analysis.

Placement method 2 simulated a clothed body wearing loose-
fitting clothing. Randomly folded non-weighted fabric was placed on
a wet or dry soil surface (Figure 3). Immediately, the 2 kg weight was
gently placed on top and the placement timed for 2 minutes. The weight
would then carefully be lifted off and the fabric square gently lifted and
spread flat and soil-side-up on a clean bench for photographing with a
digital camera.

These digital photographs were then uploaded to a computer with
image processing software which had been manually programmed to
convert its default RGB colour system to the Munsell soil colour system
preferred by forensic soil scientists in the field [25-27]. Full details
regarding the use of image processing software to identify the Munsell
soil colour of trace soil evidence is discussed in Murray et al. [15-17].
This research focused primarily on the visual interpretation of trace soil
patterns on clothing to identify the circumstances befalling a victim
during an attack.

Numerical data on each trace soil pattern provided a scientific
and objective analysis of trace soil patterns that could be used to
confirm patterns identified by human eye. Image software was also
programmed to gather data on the quantity and directionality of soil
objects transferred. Directionality was used to better understand the
soil transfer method and was graphed using quick and easily compared
rose diagrams with GEOrient version 9.5.0 [28]. Due to limitations in
the manual programming of this software, soil objects <100 pm were
disregarded from analysis [15-17,22].

Figure 3. Using placement method 2, loosely-folded fabric is first placed on a soil surface
before a 2kg weight is placed on top and the 2 minute count commences.
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Table 1. Soil morphology and Australian Soil Classification of soil materials [18] and approximate corresponding classifications for World Reference Base for Soil resources class [19]
provided by Murray et al. [22].

garden bed
(0-10 cm)

2.5YR 3/1 Reddish
gray 2.5YR 6/1

gravelly, sandy soil

rounded quartz, 10%
sub-rounded to angular
dolerite;5% ironstone),

loamy sand, water repellent,
3% C.

gravelly, sandy, very shallow

Locality (depth cm) Centre for Munsell' Soil Soil type* Brief description The Australian soil The world reference base
Australian Forensic | Colour fine <2 mm classification for soil resources (WRB)
Soil Science (wet) (dry)
(CAFSS) code
Site 1: UTas farm 110.1.1 Very dark brown Duplex soil with Gravel (50%); clayey sand, Humose, Mesotrophic, Haplic, Luvisol (Clayic,
horizon 1 (0-10 cm) 10YR 2/2 Dark | nonrestricted clayey subsoil | water repellent, 6.92% | Brown Chromosol; medium, Cutanic)
grayish brown Carbon (C). moderately gravelly, loamy,
10YR 4/2 clayey, moderate
Site 1: UTas farm 110.1.2 Very dark brown As above Gravel (45%); sandy loam, As above As above
horizon 2 (15-30 cm) 10YR 2/2 Brown water repellent, 2.46%
10YR 5/3 Carbon (C).
Site 1: UTas farm 110.1.3 Strong brown As above Gravel (90%); heavy clay, As above As above
horizon 3 (40-60 cm) 7.5YR 4/6 Strong non-water repellent, 0.92%
brown 7.5YR 5/6 Carbon (C).
Site 1: UTas farm 110.1.4 Strong brown As above Gravel (90%); medium- As above As above
horizon 4 (60-80 cm) 7.5YR 5/6 Reddish heavy clay, non-water
yellow 7.5YR 6/6 repellent, 0.26% Carbon (C).
Site 1: UTas farm 110.1.5 Dark brown As above Gravel (40%); clayey sand, As above As above
horizon 5 (80-100 7.5YR 3/4 Reddish non-water repellent, 0.19%
cm) yellow 7.5YR 6/6 Carbon (C).
Site 2: UTas farm 110.2.1 Very dark brown = Duplex soil with restricted = Gravel (35%); sandy loam, | Vertic, Mottled-Mesonatric, Vertic, Abruptic Solonetz
horizon 1 (0-17 cm) 10YR 2/2 Grayish sodic clayey subsoil non-water repellent, 2.61% | Brown Sodosol; medium, (Albic, Hypernatric)
brown 10YR 5/2 Carbon (C). moderately gravelly, loamy,
clayey, deep
Site 2: UTas farm 110.2.2 Brown 10YR 4/3 As above Gravel (95%); medium- As above As above
horizon 2 (17-34 cm) Pale brown 10YR heavy clay, non-water
6/3 repellent, 1.14% Carbon (C).
Site 3: UTas farm 110.3.1 Very dark gray | Poorly structured cracking | Gravel (90%); medium Endocalcareous, Massive, Calsic, Vertisol (Gilgaic,
horizon 1 (0-10 cm) 10YR 3/1 Dark clay clay, water repellent, 2.37% Brown Vertosol; very Gleyic)
grayish brown Carbon (C). gravelly, fine, very fine, deep
10YR 4/2
Site 3: UTas farm 110.3.2 Yellowish brown As above Gravel (97%); heavy clay, As above As above
horizon 2 (20-40 cm) 10YR 5/4 Grayish non-water repellent, 0.84%
brown 10YR 4/2 Carbon (C).
Site 3: UTas farm 110.3.3 Light yellowish As above Gravel (90%); medium As above As above
horizon 3 (40-70 cm) brown 10YR 6/4 clay, non-water repellent,
Light gray 10YR 3.54% Carbon (C).
7/2
Site 3: UTas farm 110.3.4 Yellowish brown As above Gravel (90%); heavy clay, As above As above
horizon 4 10YR 5/4 Brown non-water repellent, 0.44%
(70-110 cm) 10YR 5/3 Carbon (C).
Site 4: Mount 110.4.1 Very dark brown = Well structured clayey soil = Gravel (70%); sandy clay Humose-Mottled, Placic, Xanthic, Ferretic, Ferralsol
Wellington horizon 1 10YR 2/2 Very with boulders loam, water repellent, Brown Kandosol; medium, (Clayic, Colluvic)
(0-10 cm) dark grayish brown 12.8% Carbon (C). moderately gravelly, loamy,
10YR 3/2 clayey, deep
Site 4: Mount 110.4.3 Strong brown As above Gravel (70%); sandy clay As above As above
Wellington horizon 3 7.5YR 4/6 loam, non-water repellent,
(40-60 cm) Brownish yellow 0.96% Carbon (C).
10YR 6/6
Site 4: Mount 110.4.5 Strong brown As above Gravel (75%); sandy clay As above As above
Wellington horizon 5 7.5YR 4/6 Strong loam, non-water repellent,
(110-140 cm) brown 7.5YR 5/6 0.34% Carbon (C).
Site 5: rose garden 110.5.1 Dark brown Anthropogenic gravelly Gravel (90%; arkosic Spolic anthroposol, very 3Spolic technosol (Densic)
path (0-10 cm) 7.5YR 3/2 Brown sandy loam soil sandstone and andesitic-to- | gravelly, sandy, very shallow
7.5YR 5/2 weathered mafic igneous
rock) loamy sand, water
repellent, 0.7% Carbon (C).
Site 6: brick 110.6.2 Red 2.5YR 5/8 Anthropogenic brick Gravel (90%), sandy, water | Urbic anthroposol, very *Urbic Ekranic technosol
fragments (0-2 cm) Light red 2.5YR fragment-rich soil repellent, weathered brick | gravelly, sandy, very shallow (Transportic)
7/8 fragments (0.5-4 cm), 1.2% C.
Site 7: rose garden 110.7.1 Black 10YR 2/1 | Anthropogenic, organic-rich| Gravel (15% coarse river Hortic anthroposol non- “Hortic anthrosol
bed (0-10 cm) Black 7.5YR 2.5/1 sandy loam soil sand), loamy sand (25%), gravelly, sandy, shallow (Escalic)
water repellent, 30% fine
compost, 30% composted
pine bark, 14% C.
Site 8: Japanese 110.8.1 Dark reddish gray | Anthropogenic, quartz-rich, Gravel (90%: ~80% Spolic anthroposol, very 3Spolic technosol

(Grossartefactic, Transportic)
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Site 9: south eastern 110.9.1 Leaves not Natural organic-rich soil
boundary horizon 1 analysed for

(5-0 cm) Munsell soil colour

by naked eye

Site 9: south eastern 110.9.2 Very dark brown Natural loamy soil
boundary horizon 2 10YR 2/2 Very

(0-10 cm) dark brown 7.5YR

2.512
Where:

"Munsell soil colour [29]: measured on the fine earth fraction (<2 mm).

Undecomposed Leaves
(60%) and decomposed
(40%)

Humose, mesotrophic,
Brown Dermosol, non-
gravelly, sandy, deep

Eutric Cambisol (Humic)

Gravel (2%), loamy sand, As above As above

water repellent, 23% C.

Special-purpose technical soil classification system [24], which uses plain English and places strong emphasis on being either an anthropogenic soil or natural soil, the soil texture (e.g.
gravelly, sandy, sandy loam) and the presence of high quantities of organic carbon (>10%; organic-rich).
3Classification of technosols [19]: Connotation: soils dominated or strongly influenced by human-made material; from Greek technikos, skilfully made. They contain a significant amount

of artefacts.

“Classification of Anthroposol [19]: Connotation: soils with prominent characteristics that result from human activities; from Greek anthropos, human being (e.g. such as addition of organic

material and cultivation).

*Classification of natural soils: Connotation: soils with substantial soil formation such as Dermosols [18] or Cambisols [19].

Table 2. Trace soil patterns identified on fabric using ‘placing’ as the transfer method.

Soil transfer pattern Symbol used Figure
1 Speckling of soil on fabric red circle Figure 4
Figure 5
Figure 8
2 Fold and crease marks green circle Figure 4
on draped cloth (Method 2) Figure 5
3 Soiled water stains blue circle Figure 5
Figure 6
4 'Dusted' plastic buttons orange circle Figure 7
5 Muddy clumps on wet yellow circle Figure 7
shiny plastic buttons

6 Minimal amount of soil _ Figure 6

accumulated on raised

surfaces

Results and discussion

Trace soil patterns recorded on fabric using the soil transfer
method of ‘placing’

When a weighted fabric square was simply placed on soil, six
transfer patterns were routinely identified using all soils tested (Table 2
and Figures 4-7). As hypothesised, previously documented soil transfer
patterns that occurred when weighted fabric was dragged across a soil
surface, were not seen in any of these soil transfer experiments [15-
17,22]. The soil patterns not seen included soil ‘trails’ and elongated
soil particles either embedded in fabric or aligned parallel with the
direction of movement. Also missing was an accumulation of soil in
front of buttons and raised seams, damage to fabric and scratches on
buttons.

Trace soil patterns transferred to fabric depended primarily on soil
moisture content, soil mineralogy (e.g. smectite) and clay fraction (<2
um) content. Wet soil tended to transfer a higher abundance of trace
soil particles to fabric than when soil was dry. There was one exception
to this, soils with a sandy clay loam texture, which is discussed in greater
detail in section 3.5 below. Clothing fabric type had no observable effect
on resulting trace soil patterns.

Directionality

Using directional numerical data provided by image processing
software, rose diagrams illustrated the directionality of wet and dry soil
particles (=2 pixels diameter) transferred onto clothing fabric (Figure
9). This methodology provided objective support to visual observations.

By mapping the directionality of thousands of soil particles down

Forensic Sci Crimino, 2017 doi: 10.15761/FSC.1000110

Location on fabric Contributing soil characteristic
sporadically where fabric had

made contact with soil surface

Marginally greater quantity of
wet soil objects transferred
(96% consistency) than dry (90%)

delineating folds or creases 100% consistency in all soils

on loosely draped cloth both dry and wet
sporadically where fabric had wet soil
made contact with soil surface (45% consistency)
buttons sewn onto cotton fabric very dry soil
(no other fabrics had buttons) (55% consistency)
buttons sewn onto cotton wet soil
fabric (30% consistency)

raised middle seams Marginally greater quantity of

wet soil objects transferred
(19% consistency) than dry (6%)

to 100 pm diameter, rose diagrams consistently created a simple yet
definitive pictorial record of soil transferred onto fabric during placing
experiments. Each Rose diagram only took minutes to create.

In each of the soils tested in placing STEs, there was no obvious
movement of soil seen across the fabric; as witnessed in dragging STEs
from soil ‘trails’ [15-17,22]. Minimal to negligible soil was transferred
to the weighted fabric; compared to the transfer method of dragging.
This resulted in several instances when there was insufficient data to
create a rose diagram or the directional data for a particular STE was
so limited, it affected the rose diagram’s value. When dry soil was used,
dry soil particles tended to remain as individual soil objects and not
clump into aggregates. This lack of soil clumping or directional soil
movement also helps explain the scattered random patterns depicted
in each rose diagram.

Dry hard soils, such as soils with massive structures found at
UTas Farm, produced minimal soil transference patterns in placing
experiments. This was also the case in the dry gravel-rich soil of the
RTBG site 8 Japanese garden composed of 90% white gravel. Natural
soil site 9 surface horizon 1 of undecomposed leaves, with negligible
mineral soil content, transferred minimal trace soil to fabric.

Rose diagrams recorded random and scattered trace soil patterns
with no obvious directionality that was seen when the same four types
of fabric squares were dragged across a wet or dry soil surface [22].
The strong directionality identified by image processing software from
dragging experiments was consistently seen throughout all twenty soils;
regardless of fabric used or each soil type’s differing mineralogy, grain
size or amount of fine clay-sized soil particles. These initial experiments
suggest that rose diagrams using image processing directional data
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(A)DRY Site 6 brick fragments RTBG (cotton)

Figure 4(A). Trace soil patterns resulting from transfer method 2 that involved placing
loosely draped weighted fabric for 2 minutes on a soil bed containing dry soil. Fabric
tested: cotton. The difference soil moisture can make on resulting trace soil patterns is
demonstrated by comparing the same fabric type placed on the same soil type; with the only
difference being soil moisture content.

(B) WET Site 6 brick fragments (cotton)

Figure 4(B). Trace soil patterns resulting from transfer method 2 that involved placing
loosely draped weighted fabric for 2 minutes on a soil bed containing wet soil. Fabric
tested: cotton.

(C) DRY Site 7 rose garden bed RTBG (nylon)

Figure 4(C). Trace soil patterns resulting from transfer method 2 that involved placing
loosely draped weighted fabric for 2 minutes on a soil bed containing dry soil. Fabric tested:
nylon.

Forensic Sci Crimino, 2017 doi: 10.15761/FSC.1000110

(D) WET Site 7 rose garden bed (nylon)

Figure 4(D). Trace soil patterns resulting from transfer method 2 that involved placing
loosely draped weighted fabric for 2 minutes on a soil bed containing wet soil. Fabric
tested: nylon.

(4) DRY Site 1 surface horizon UTAS (Poly-cotton)

Figure 5(A). Trace soil patterns using transfer method 2, when loosely draped weighted
fabric is placed for 2 minutes on a soil bed containing dry soil. Fabric tested: polyester-
cotton. When comparing Figures 5(A to D), soil moisture content appears to make a greater
difference to resulting trace soil patterns than fabrics tested.

(B) WET Site 1 surface horizon (Poly-cotton)

Figure 5(B). Trace soil patterns using transfer method 2, when loosely draped weighted
fabric is placed for 2 minutes on a soil bed containing wet soil. Fabric tested: polyester-
cotton.

Volume 2(1): 5-11



Murray KR (2017) An investigation of the pattern formed by soil transfer when clothing fabrics are placed on soil using visual examination and image processing

analysis

(C) DRY Site 4 horizon 1 Mt. Wellington (polar fleece)

Figure 5(C). Trace soil patterns using transfer method 2, when loosely draped weighted
fabric is placed for 2 minutes on a soil bed containing dry soil. Fabric tested: polar fleece
(polyester brushed both sides).

(D) WET Site 4 horizon 1 Mt. Wellington (polar fleece)

Figure 5(D). Trace soil patterns using transfer method 2, when loosely draped weighted
fabric is placed for 2 minutes on a soil bed containing wet soil. Fabric tested: polar fleece
(polyester brushed both sides).

Figure 6. Wet trace soil from Site 2 horizon 1 UTas farm semi-dissolves and embeds in
fabric fibres (cotton).

Forensic Sci Crimino, 2017 doi: 10.15761/FSC.1000110

(4) DRY site 9 horizon 1 leaves, RTBG (cotton)

Figure 7(A). Photomicrograph of plastic button sewn onto cotton fabric and placed on
dry soil. Button is lcm diameter. Orange circle = very fine clay-sized particles ‘dusted’
sporadically over button.

(B) DRY site 7 rose garden bed, RTBG (cotton)

Figure 7(B). Photomicrograph of plastic button sewn onto cotton fabric and placed on
dry soil. Buttons lem diameter. Orange circle = very fine clay-sized particles ‘dusted’
sporadically over button.

(C) WET site 7 rose garden bed (cotton)
Figure 7(C). Photomicrograph of plastic button sewn onto cotton fabric and placed on wet
soil. Button 1cm diameter. Yellow circle = wet clumps of soil particles persisting to button.

D) WET site 9 horizon 2 mineral soil (cotton)
Figure 7(D). Photomicrographs of plastic buttons sewn onto cotton fabric and placed on
wet soil. Buttons 1cm diameter. Yellow circle = wet clumps of soil particles persisting to

button.
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(A)DRY site 9 horizon 2 mineral soil, RTBG (polar fleece)

Figure 8(A). Polar fleece fabric speckled with soil in a dry placement on site 9 natural
mineral soil, RTBG. In Figures 8 (A to B), soil moisture content had a more consistent
influence on resulting trace soil patterns than did the four common fabrics tested. Red circle
= a patch of fabric randomly specked by soil.

(B) WET site 9 horizon 2 mineral soil (polar fleece)
Figure 8(B). Polar fleece fabric speckled with clumps of soil in a wet placement on site 9
natural mineral soil, RTBG.

can indicate whether trace soil objects were transferred to fabric by
placing or dragging a simulated clothed human body on a soil surface;
regardless of the four fabric types tested.

Quantity of soil objects transferred to clothing fabric and
analysed by soil type

A standardised objectivity of soil pattern analysis was achieved
using quantitative graphical presentation of computer analysis of the
number of digital pixels, containing either individual or aggregate soil
objects (Table 3 and Figure 10). The level of precision attained when
analysing trace soil patterns on clothing fabric had not previously been
possible via traditional identification by naked eye alone

Soils were first grouped by location and then sub-grouped by soil
moisture content. Numerical data was combined and averaged to
produce graphs of aggregate and individual soil objects, transferred
by one of two transfer methods of placing, from each soil sample to
clothing fabric.

Soil objects covering > 0.5 million pixels were categorised as a
low quantity of soil objects transferred to fabric. Soil objects covering
0.5 million to >1 million pixels were categorised within a moderate

Forensic Sci Crimino, 2017 doi: 10.15761/FSC.1000110

SOIL SAMPLE COTTON NYLON POLYESTER-COTTON POLAR FLEECE

Site 1 UTas pe = =

Farm NOT ENOUGH SOIL
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Site 2 UTas . |
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PLACE \ /

DRY
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Horizon 2.

natural soil \ /

PLACE [ ) |

DRY \ /A

PLACE

Figure 9. Rose diagrams display the directionality of wet and dry soil objects transferred
onto fabric during STEs using soil from UTas Farm Site 1 horizon 4 and site 2 surface
horizon, Mt. Wellington site 4 horizon 5 and RTBG site 9 mineral rich soil. A scattered and
random pattern, lacking strong directionality, was produced when four fabric types were
placed on a soil surface.

quantity of soil objects transferred. Soil objects covering 1 million
pixels or higher were categorised as a high quantity of soil objects
transferred [15-17,22].

Image processing numerical data enabled a thorough, detailed and
objective interpretation of the relationships between soil types, clay
minerals (smectite) and soil moisture content.

Compared to the quantity of soil objects transferred by the transfer
method of dragging the same fabric types across the same 20 soils [22],
the quantity of soil transferred by placing was in most cases so low as
to indicate only that increased soil moisture tended to increase the
quantity of soil objects transferred (Figure 11). This was the general
trend across all soils tested, regardless of soil mineralogy (e.g. smectite)
and clay content. The exception to this was soil with a sandy clay
loam texture; namely natural soils from site 4: Mt. Wellington and
Anthroposol site 5: rose garden path (Figure 10). Although site 5 was
90% gravel, the soil matrix had a sandy loam texture.

Volume 2(1): 7-11



Murray KR (2017) An investigation of the pattern formed by soil transfer when clothing fabrics are placed on soil using visual examination and image processing

analysis

Table 3. Summary of soil data documented using naked eye, XRD and NDIR analysis and image processing of the 20 soil types and trace soil objects transferred to clothing fabric; as

provided by Murray et al. [22

1

Locality Centre for Munsell' soil colour, Dominant trace Ave. soil transferred ‘Weight % % Organic % Gravel
Australian <2 mm fraction soil* Munsell (individual + Clay content content content
Forensic colour aggregates) in pixels® (Smectite)
Soil Science
(CAFSS)
(Depth cm) code (wet) (dry) (wet) (dry) (wet) (dry)
High quantity (H)
Moderate ™)
Low (L)
Site 1: UTas farm 110.1.1 Very dark brown | Light gray 10YR 34026 L) 5+1 6.92 50
horizon 1 10YR 2/2 72 45481 L)
(0-10 cm) Dark grayish brown Light gray 10YR 7/2
10YR 4/2
Site 1 horizon 2 110.1.2 Very dark brown | Light gray 10YR 20415 (L) 13+£2 2.46 45
(15-30 cm) 10YR 2/2 7/2 14212 L)
Brown 10YR 5/3 | Light gray 10YR 7/2
Site 1 horizon 3 110.1.3 Strong brown Light gray 10YR 75087 (L) 56+5 0.92 90
(40-60 cm) 7.5YR 4/6 712 3017 (L)
Strong brown 7.5YR | Light gray 10YR 7/2
5/6
Site 1 horizon 4 110.1.4 Strong brown Light gray 7.5YR 16783 L) 59+5 0.26 90
(60-80 cm) 7.5YR 5/6 72 4820 L)
Reddish yellow  Light gray 10YR 7/2
7.5YR 6/6
Site 1 horizon 5 110.1.5 Dark brown 7.5YR | Light gray 10YR 22959 (L) 52+5 0.19 40
(80-100 cm) 3/4 72 8537 @)
Reddish yellow | Light gray 10YR 7/2
7.5YR 6/6
Site 2: UTas farm 110.2.1 Very dark brown | Very dark brown 17521 @) 3+1 2.61 35
horizon 1 10YR 2/2 7.5YR 2.5/2 20775 L)
(0-17 cm) Grayish brown Llight gray 10YR
10YR 5/2 72
Site 2 horizon 2 110.2.2 Brown 10YR 4/3 | Light gray 10YR 63408 (L) 542 1.14 95
(10-34 cm) Pale brown 10YR 72 814 L)
6/3 Light gray 10YR 7/2
Site 3: UTas farm 110.3.1 Very dark gray Light gray 10YR 57457 (L) 41+4 2.37 90
horizon 1 (0-10 cm) 10YR 3/1 72 2638 (L)
Dark grayish brown | Light gray 10YR 7/2
10YR 4/2
Site 3 horizon 2 110.3.2 Yellowish brown | Light gray 10YR 21938 (L) 58+5 0.84 97
(20-40 cm) 10YR 5/4 72 382 L)
Grayish brown | Light gray 10YR 7/2
10YR 5/2
Site 3 horizon 3 110.3.3 Light yellowish Light gray 10YR 24092 (L) 46+ 4 3.54 90
(40-70 cm) brown 10YR 6/4 7/2 864 L)
Light gray 10YR 7/2 | Light gray 10YR 7/2
Site 3 horizon 4 110.3.4 Yellowish brown | Light gray 10YR 28819 (L) 64+5 0.44 90
(70-110 cm) 10YR 5/4 72 1049 L)
Brown 10YR 5/3 |Light gray 10YR 7/2
Site 4: Mount Wellington 110.4.1 Very dark brown | Light gray 10YR 30119 (L) 7+2 12.8 70
horizon 1 (0-10 cm) 10YR 2/2 72 60244 @L)
Very dark grayish |Light gray 10YR 7/2
brown 10YR 3/2
Site 4 horizon 3 110.4.3 Strong brown Light gray 10YR 7571 (L) 10+£2 0.96 70
(40-60 cm) 7.5YR 4/6 7/2 139787 (L)
Brownish yellow | Light gray 10YR 7/2
10YR 6/6
Site 4 horizon 5 110.4.5 Strong brown Light gray 10YR 26423 (L) 5+£2 0.34 75
(110-140 cm) 7.5YR 4/6 72 35937 L)
Strong brown 7.5YR | Light gray 10YR 7/2
5/6
Site 5: RTBG rose 110.5.1 Dark brown Light gray 22671 L) 19+£3 0.70 90
garden path 7.5YR 3/2 10YR 7/2
(0-10 cm) Brown Light gray 49842 (L)
7.5YR 5/2 10YR 7/2
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Site 6: RTBG brick 110.6.2 Red Very dark brown 100127 (L) Trace of Mullite 0.29 90
fragments 2.5YR5/8 7.5YR 2.5/2
(0-2 cm) Light red 2.5YR 7/8 Light gray 10YR 7/2 69957 (L)
Site 7: RTBG rose 110.7.1 Black Very dark brown 1575421 H) 2+1 14.0 15
garden bed 10YR 2/1 7.5YR 2.5/2
Black Very dark brown 304925 L)
(0-10 cm) 7.5YR 2.5/1 7.5YR 2.5/2
Site 8: RTBG Japanese 110.8.1 Dark reddish gray = Very dark brown 11690 (L) 2+1 3.10 90
garden bed 2.5YR 3/1 7.5YR 2.5/2
(0-10 cm) Reddish gray Very dark brown 4643 L)
2.5YR 6/1 7.5YR 2.52
Site 9: RTBG 110.9.1 Leaves Very dark brown 25563 (L) No XRD analysis No NDIR analysis Leaves
SE boundary leaves 7.5YR 2.5/2
horizon 1 (5-0 cm Very dark brown 16127 19
above surface) 7.5YR 2.5/2
Site 9 horizon 2 110.9.2 Very dark brown | Very dark brown 1565993 (H) 20+3 22.8 2
(0-10 cm) 10YR 2/2 7.5YR 2.5/2
Very dark brown Very dark brown 160684 (L)
7.5YR 2.5/2 7.5YR2.5/2

Where: 'Munsell Soil Colour [21]: measured by naked eye on the fine earth fraction (<2 mm).

*Munsell Soil Colour measured by image processing software from two digital photographs of trace soil on fabric.
3Average of two STEs tested using either wet or dry soil sample.

“XRD analysis of % weight clay (Smectite) content in homogenous bulk soil sample.

SNDIR analysis of organic content of homogenous bulk soil sample.

°Estimate by naked eye alone using method of McDonald and Isbell [30].
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Figure 10. Quantity of soil transferred to fabric by placing weighted fabric on a soil surface; analysed by the total number of pixels in digital photographs that contained aggregate or
individual soil objects. Image processing numerical data was subdivided first by location and then by soil moisture content [15,16].
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Quantity of soil transferred to fabric (no. of pixels)
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Figure 11. Comparison of quantity of soil transferred to fabric using the soil transfer methods of placing and dragging weighted fabric across a soil surface. Quantity of trace soil transferred
was analysed by number of pixels in digital photographs that contained individual or aggregate soil objects. Image processing numerical data was subdivided by location and soil moisture

content [22].

Conclusions

In a controlled laboratory environment, 400 soil transference
experiments (STEs) produced six transference patterns identified
by naked eye and confirmed by simple light microscopy and image
processing. The minimal quantities of trace soil transferred from
only placing a simulated clothed body on a soil surface made it more
difficult to discover a relationship between soil moisture, particle size,
mineralogy and soil objects transferred. Dark organic loamy-sand
textured soil transfer patterns enabled easiest recognition by naked eye
against the white fabric. However, image processing was equally capable
of recognising all soil objects, regardless of Munsell soil colour. With
further software development, image processing could be programmed
to identify trace soil objects on underlying fabrics of differing colours,
patterns and textile weaves.

Image processing provided objective support to visual observations
by showing:

()  how the quantity of soil objects transferred is influenced by
soil mineralogy and moisture content,

(ii) percentage of aggregate and individual soil objects
transferred,

(iii) lack on soil object directionality when ‘placing’ is the soil
transfer method,

(iv) the unique ranges of Munsell soil colours of trace soil on
fabric and

(v)  the negligible influence the four fabric types tested had on
trace soil patterns produced.
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