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Abstract:

The current project investigated the extent to which taphonomic processes such as short-term
exposure to the Biostratinomic effects of weathering and diagenetic effects of the soil matrix
may alter or obliterate evidence of cutmarks on bones. It examined factors that may contribute
towards bone degradation and therefore, cutmark degradation. There are a lack of multi-
analytical methods and experimental data to support the hypothesis of the cross-linking
ecological interactions and their direct damaging effect to bone, and consequent impact upon
evidence of bone trauma and its identification. There is a need to understand how
microenvironmental factors affect each other and how these ecological interactions may
impact the longevity and survivability of the bone condition and therefore the cutmark
condition. This research combines a review of existing literature with primary experimental
data to determine if microenvironmental patterns can be distinguished and explore whether
the changes to the different types of cutmarks could have a significance in a forensic
investigation. Bladed instruments were used to inflict cutmarks upon the surface of Porcine
bone; the bone specimens were deposited at a shallow depth and left on the surface of an
identified hostile environment. The remains were removed bi-monthly and physical data from
the cutmarks and geochemical data from the soil matrix were collected and analysed. Further
observations were found regarding the effects of a hostile environment towards the cortical
layer of the remains, that contradict the time frames of other studies and solidifies the
hypothesis that damage to the bone surface from taphonomic modifications can occur in a
shorter time frame and are local to the microenvironment. It has been found that there are
previous unobserved phenomena on the remains specific to the physical appearance of the
cutmarks. Specifically, there is a potential link between change in kerf width of the cutmark
edge and physical changes to it as a result of the ecological interactions between the
microenvironment and the cutmark on the bone found through digital and confocal microscopy.
The level of activity for these changes such as the presence of macrofauna and microflora
reflect upon the size and shape of the cutmark. This in turn impacts certain microscopic and
scanni ng-madtwohiindgé met hods t hat h a fielel of Ferensic
Science. It outlines that these methods should not assume that the dimensions of the cutmark
accurately reflect the dimensions of the blade that was used to inflict said mark without
consideration of the environment it was found in. This study has complimented and added to
current research of how taphonomic changes may mimic, hide, or obliterate trauma on bone.
From this the awareness of the influence from the abiotic and biotic microenvironmental effects

and the associated ecological interactions will increase as a result of its contribution.
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4 Specimen 9 from the four-mont h buri al deposition are€a.. éééeé. . ¢

Figure 58: Pig 4 Specimen 3 from the four-month burial deposition area showing an example of
longitudinal  cracking/fracturing that has appeared on only a couple of
specimensééééeééécéécéeéeede®éeééeec. ¢eéé. . éex. 8

Figure 59: Surface specimen area at the six-month interval has flourished further to a point where
the bone specimens left on the surface cannot be seen
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Figure 61 (A-B): Bone specimens from the six-month surface specimen
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Figure 62 (A-B): Bone specimens covered in root masses from the six-month burial specimen
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Figure 63 (A-B): Bone specimens covered in root masses from the six-month burial specimen
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Figure 64 (A-F) i (A-B): Pig 3 Specimen 1 from the six-month surface specimen area. (C) 1 Pig 2
Specimen 1 from the six-month surface specimen area. (D-F): Pig 3 Specimen 3 from the six-

month surface specimen area. €éééé. . ééRé. . éeéeée. .  éeé

Figure 65 (A-D) i (A-B): Pig 3 Specimen 1 from the six-month surface specimen area. (C) i Pig 2
Specimen 1 from the six-month surface specimen area. (C-D): Pig 2 Specimen 10 from the six-

month surface specimen area.. éééée. . e¥Beé. . eéeé. . eé

Figure 66 (A-D) i (A-B): Pig 4 Specimen 2 from the six-month surface specimen area. (C-D): Pig

4 Specimen 1 from the six-month surface specimenare a. . éééé. . éééé4d . ééé.

Figure 67 (A-B): Pig 4 Specimen 1 fromthesix-mont h sur face speci men

Figure 68 (A-F) 1 (A): Pig 3 Specimen 8. (B): Pig 2 Specimen 1(C-E): Pig 3 Specimen 1 from the
six-month surface specimen area. (F): Pig 2 Specimen 2 from the six-month surface
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Figure 69 (A-E) i (A): Pig 2 Specimen 10. (B): Pig 3 Specimen 10 (C-E): Pig 3 Specimen 1 from
the six-month surface specimen area. (F): Pig 2 Specimen 2 from the six-month surface

specimen. . éééeé. . ééé. . ééeee..eééé. . ¢ééee..  beee.

Figure 70 (A-C): Pig 3 Specimen 3 fromthesixx-mont h sur f ace speci nfen

Figure 71 (A-E) 7 (A): Pig 4 Specimen 2 from the six-month burial specimen area. (B): Pig 1
Specimen 9 from six-month burial specimen area. (C): Pig 1 Specimen 6 from the six-month burial
specimen area. (D): Pig 1 Specimen 5 from the six-month burial specimen area. (E): Pig 1
Specimen 6 fromthesix-mont h buri al specimen area. éé8ée.

Figure 72 (A-D) i (A): Pig 4 Specimen 1 from the six-month burial specimen area. (B): Pig 1
Specimen 6 from six-month burial specimen area. (C): Pig 1 Specimen 5 from the six-month burial
specimen area. (D). Pig 2 Specimen 2 from the six-month burial specimen
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Figure 73 (A-D): Pig 1 Specimen 5 fromthe six-mont h bur i al speci nmMeh

Figure 74 (A-B): Surface specimen area at the eight-month interval where the vegetation has
grown rapidly since the six-month interval, this is reflected by the amount of vegetation that can be
seen growing on the specimens which has been seen since the four-month
interval éééé&é&e&€éééécccééeeeeéé. éééeée. . ééldE.

Figure 75: Surface specimen area where the grass has grown over the specimens at the eight-
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Figure 76 (A-F) 7 (A-D): Bone specimens from the surface specimen area showing forms of root
activity and arthropod activity from the eight-month interval. (E): Pig Specimen 3 eight-month
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surface specimen group. (F): Pig 5 Specimen 4 from the eight-month surface specimen
group. ééeéeée. . . eéée..eéée..eeéé.. . éeéé..  edar. . ééeceéee

Figure 77: Bone specimens from the surface specimen area showing forms of potential arthropod
activity from the eight-mont h i nterval éééé. . éééeé.108eée. . éeéeé

Figure 78 (A-D): Bone specimens from the surface specimen area showing forms of potential
fungal activity and adipocere from the eight-month interval. (C): Pig 5 Specimen 8 from the eight-
month surface specimen area. (D): Pig 5 Specimen 3 from the eight-month surface specimen
areaéééée.. éééeé. . éééeé. . eééeé. . eééeée. . eééeée. 4é6céé. . éee

Figure 79: Burial specimen area topsoil layer from the eightmont h i ntervald4d ééééeéeélo

Figure 80 (A-B): Bone specimens from the burial specimen covered in roots from the eight-month
interval . ééeéé. .  ééeéé. . ééeé. . ééeé. . éééeb. eéée. . eeéeée

Figure 81. Plant root and fungal root activity underneath the bone specimens from the burial
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specimen area from the eight-monthinter val .. éééé. . éééé. . ééééh . é6éeéée.

Figure 82 (A-D) i (A-B): Pig 5 Specimen 6 from the eight-month burial specimen area. (C-D): Pig
5 Specimen 1 from the eighttmont h bur i al specimen area.6éééé. . éééé
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Figure 83: Pig 5 Specimen 4 from the eight-monthsur f ace speci men ar &a. . é¢éeéeéc

Figure 84 (A-B) i (A): Pig 5 Specimen 4 from the eight-month burial specimen area. (B) Pig 5
Specimen 1 from the eightmont h bur i al specimen area. ééléé. . eééé.

Figure 85 (A-F) 1 (A): Pig 5 Specimen 4 from the eight-month surface specimen area. (B): Pig 5
Specimen 2 from the eight-month burial specimen area. (C): Pig 5 Specimen 5 from the eight-
month surface specimen area. (D): Pig 5 Specimen 2 from the eight-month burial specimen area.
(E): Pig 5 Specimen 1 from the eight-month burial specimen area. (F): Pig 5 Specimen 5 from the
eightmont h surface specimen area. .8 éééé. . éééeée. . éeéée.

Figure 86 (A-F) i (A): Pig 5 Specimen 3 from the eight-month burial specimen area. (B-D): Pig 5
Specimen 1 from the eight-month burial specimen area. (E-F): Pig 5 Specimen 5 from the eight-
month surface specimen area.. €éééé. . Oééeée. . eéeeéé. . eé

Figure 87 (A-B): Pig 5 Specimen 6 from the eighttmont h buri al specimken area. é

Figure 881 (A-B) i (A): Pig 5 Specimen 8 from the eight-month surface specimen area. (B): Pig 5
Specimen 7 from the eightmont h sur face specimen area. l'tds not
the bone is quite thin along the edge of the ribs, it is noted that the edge has
frayedéééééééécéééceecécecéececéecececteéeed. 0

Figure 89 (A-D) 1 (A-B): Pig 5 Specimen 7 from the eight-month burial specimen area. (C): Pig 5
Specimen 10 from the eight-month burial specimen area. (D): Pig 5 Specimen 9 from the eight-
mont h burial specimen area. éééé. . ééldle.  éééée. . eééeée

Figure 90: Pig 5 Specimen 8 fromthe eightmont h sur f ace speci méln area. ééé

Figure 91 (A-C) 1 (A-B): Pig 5 Specimen 4 from the eight-month surface specimen area. (C): Pig
5 Specimen 4 from the eightmont h sur face specimen arel2.. éééée. . ¢
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Figure 927 (A-E) 1 (A-C): Pig 5 Specimen 5 from the eight-month surface specimen area. (D-E):
Pig 5 Specimen 3 from the eight-month surface specimenar ea. . éééé . . E3¢ ééé 1l

Figure 93 (A-B): Pig 5 Specimen 6 from the eighttmont h buri al speci Men areaéé

Figure 94 (A-E) 1 (A-B): Pig 5 Specimen 5 from the eight-month surface specimen area. (C-E): Pig
5 Specimen 3 from the eight-month surface specimenarea. . éééé . . ééx ééll

Figure 95 (A-C) 1 (A): Pig 5 Specimen 5 from the eight-month surface specimen area. (B): Pig 5
Specimen 8 from the eight-month surface specimen area. (C): Pig 5 Specimen 7 from the eight-
month surface specimen area. .ééeb.eééeé&edeéll ééé
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Figure 96: Physical Change Quantitative Data for Burial Cleaver Long Bones for the total eight-
month deposition period. éééé. . ééeéée. . é8eé. . ¢
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Figure 97: Physical Change Quantitative Data for Surface Cleaver Long Bones for the total eight-
month deposition period. éééé. . ééeéée. . é8ee. . ¢
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Figures 98 (A-X): show a largely overall perspective on how the burial cleaver long bone cutmarks
have visibly changed, the changes are evaluated in greater detail with their association with the
environmental changes in Chapter 5. The specific cutmarks above in the figure wall can be viewed
with more detail in Appendix Spection G. These are not all the present cutmarks on each specimen,
only a random selection to show the general
perspectiveéeéééecéééééecééecéécceéecéécebedbétéeé. 0

Figures 99 (A-X): show a largely overall perspective on how the surface cleaver long bone
cutmarks have visibly changed, the changes are evaluated in greater detail with their association
with the environmental changes in Chapter 5. The specific cutmarks above in the figure wall can
be viewed with more detail in Appendix Spection G. These are not all the present cutmarks on
each specimen, only a random selection to show the general
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Figure 100: Physical Change Quantitative Data for Burial Cleaver Rib Bones for the total eight-

month deposition periodééééééé. . éééeé. . eép26. . eéeé.
Figure 101: Physical Change Quantitative Data for Surface Cleaver Rib Bones for the total eight-

month depositionéperiocdééé&ce écéeé. . éééerkrecél

Figures 102 (A-X): Show a largely overall perspective on how the burial cleaver rib cutmarks have
visibly changed the changes are evaluated in greater detail with their association with the
environmental changes in Chapter 5. The specific cutmarks above in the figure wall can be viewed
with more detail in Appendix Section G. These are not all the present cutmarks on each specimen,
only a random selection to show the general
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perspectiveééééééeé éeééé. . eeéé. . eeéé. .  éedé. . ééecé.

Figures 103 (A-W): Show a largely overall perspective on how the surface cleaver rib cutmarks
have visibly changed the changes are evaluated in greater detail with their association with the
environmental changes in Chapter 5. The specific cutmarks above in the figure wall can be viewed
withmoredetal i n Appendi x Section G. The black 6X6 repr
group. These are not all the present cutmarks on each specimen, only a random selection to show
the general
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Figure 104: Physical Change Quantitative Data for Burial Serrated Long Bones for the total eight-
month deposition periodééeéceééeéeé bfecbécéedbe élgreceée.

Figure 105: Physical Change Quantitative Data for Surface Cleaver Long Bones for the total eight-
month deposition
periodéééeééeééeéeé.. ééée.. éééé. . éééé. . eéeéd . eéeéeéé

Figures 106 (A-X): show a largely overall perspective on how the burial serrated long bone
cutmarks have visibly changed, the changes are evaluated in greater detail with their association
with the environmental changes in Chapter 5. The specific cutmarks above in the figure wall can
be viewed with more detail in Appendix Spection G. These are not all the present cutmarks on
each specimen, only a random selection to show the general
perspectiveé é e éééeé. .. éééeée. . eeéé. .  éeéé. . éeeé. 38éeeéee. . 1
Figures 107 (A-X): show a largely overall perspective on how the surface serrated long bone
cutmarks have visibly changed, the changes are evaluated in greater detail with their association
with the environmental changes in Chapter 5. The specific cutmarks above in the figure wall can
be viewed with more detail in Appendix Spection G. These are not all the present cutmarks on
each specimen, only a random selection to show the general
perspectiveéééééécéééééééééccéeéecéé. . ééeééll. 1

Figure 108: Physical Change Quantitative Data for Burial Serrated Rib Bones for the total eight-
month deposition
periord é 6 6 é€éééééé.. €eééé..eeéé..Eeééé..eéeéée. . Reéeeeee. . 1

Figure 109: Physical Change Quantitative Data for Surface Serrated Rib Bones for the total eight-
month deposition
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Figures 110 (A-X): show a largely overall perspective on how the burial serrated rib bone cutmarks
have visibly changed, the changes are evaluated in greater detail with their association with the
environmental changes in Chapter 5. The specific cutmarks above in the figure wall can be viewed
with more detail in Appendix Spection G. These are not all the present cutmarks on each specimen,
only a random selection to show the general
perspectiveéééééécééecééeecéeeééecepbibecdbe...6é6413
Figures 111 (A-W): show a largely overall perspective on how the surface serrated rib bone
cutmarks have visibly changed, the changes are evaluated in greater detail with their association
with the environmental changes in Chapter 5. The specific cutmarks above in the figure wall can
be viewed with more detail in Appendi x Spection G.
this sample group. These are not all the present cutmarks on each specimen, only a random
selection to show the general perspective. These are not all the present cutmarks on each
specimen, only a random selection to show the general
perspectiveéééeéééee. ... €eééé..eéée..ecéé. héeeée. .  ééce
Figure 112: Physical Change Quantitative Data for Burial Stonetool Long Bones for the total eight-
mont h deposition period. éééé. . éééeé. . eégeée. . eéée. . ecé

Figure 113: Physical Change Quantitative Data for Surface Stonetool Long Bones for the total
eightmonthdeposi ti on periodéééééééeéééecééecéécédB. e¢éée. .  eé

Figure 114 (A-X): show a largely overall perspective on how the burial stonetool long bone
cutmarks have visibly changed (not all the cutmarks), the changes are evaluated in greater detail
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with their association with the environmental changes in Chapter 5. The specific cutmarks above
in the figure wall can be viewed with more detail in Appendix Section
G. éééécééecéééeceééecéée. ééeée. .  eéée. . eéée. . eanéecéel
Figures 115 (A-X): show a largely overall perspective on how the surface stonetool long bone
cutmarks have visibly changed (not all the cutmarks), the changes are evaluated in greater detail
with their association with the environmental changes in Chapter 5. The specific cutmarks above
in the figure wall can be viewed with more detail in Appendix Section
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Figure 116: Physical Change Quantitative Data for Burial Stonetool Rib Bones for the total eight-

mont h deposition periodééeéeéé.. ééeéeée..dz2éée. .  éeeé. . ¢
Figure 117: Physical Change Quantitative Data for Surface Stonetool Rib Bones for the total eight-
month deposition periodéééécééécée. . ééeddg. . é6ééé e éé

Figures 118 (A-X): show a largely overall perspective on how the burial stonetool rib bone cutmarks
have visibly changed (not all the cutmarks), the changes are evaluated in greater detail with their
association with the environmental changes in Chapter 5. The specific cutmarks above in the figure
wall can be viewed with more detail in Appendix Section
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Figures 119 (A-X): show a largely overall perspective on how the surface stonetool rib bone
cutmarks have visibly changed (not all the cutmarks), the changes are evaluated in greater detail
with their association with the environmental changes in Chapter 5. The specific cutmarks above
in the figure wall can be viewed with more detail in Appendix Section
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Figure 1327 (A-F): (A): Pig 2 Specimen 5 from the four-month surface specimen area. (B): Pig 4
Specimen 4 from the four-month burial specimen area. (C): Pig 2 Specimen 2 from the six-month
surface specimen area. (D): Pig 4 Specimen 2 from the six-month burial specimen area. (E): Pig
5 Specimen 5 from the eight-month surface specimen area. (F): Pig 5 Specimen 1 from the eight-
month burial specimen area.. €éééeéb60. éééé. . éeéeée. . éeé

Figure 133 1 This is an edited copy of figure 12.3 from Hillel (1982) which shows the idealised
variatonof soi |l temperature with time for va@3ious dept

Figure 134 (A-B) i (A): Pig 3 Specimen 5 from the four-month surface specimen area. (B): Pig 1
Specimen 6 fromthesixx-mont h Surf ace specimen area. éxéé. . éééé.

Figure 135 (A-F) i (A): Pig 3 Specimen 4 from the four-month surface specimen area. (B): Pig 3
Specimen 1 from the six-month surface specimen area. (C): Pig 5 Specimen 3 from the eight-
month surface specimen area. (D): Pig 1 Specimen 2 from the four-month burial specimen area.
(E): Pig 4 Specimen 1 from the six-month burial specimen area. (F): Pig 5 Specimen 2 from the
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eigntmont h buri al specimen area.. 7ééé. . eééeé. . eéeééeé. .

Figure 136 (A-C) T (A): Pig 5 Specimen 4 from the eight-month surface specimen area. (B): Pig 5
specimen 5 from the eight-month surface specimen area. (C): Pig 5 Specimen 1 from the eight-
month burial specimen area. éééé. . ééeég. . ééeée. . éeéé.

Figure 137 (A-F) i (A): Pig 2 Specimen 6 from the four-month surface specimen area. (B): Pig 2
Specimen 1 from the six-month surface specimen area. (C): Pig 5 Specimen 3 from the eight-
month surface specimen area. (D): Pig 4 Specimen 4 from the four-month burial specimen area.
(E): Pig 1 Specimen 6 from the six-month burial specimen area. (F): Pig 5 Specimen 2 from the
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eighttmont h buri al specimen area.. 8ééé..eééeé..eéeéé. .

Figure 138 (A-E) T (A): Pig 2 Specimen 10 from the six-month surface specimen area. (B): Pig 5
Specimen 7 from the eight-month surface specimen area. (C): Pig 1 Specimen 8 from the four-
month burial specimen area. (D): Pig 1 Specimen 9 from the six-month burial specimen area. (E):
Pig 5 Specimen 10 from the eighttmont h bur i al speBi men area. éé. 16

Figure 139 (A-F) 1 (A-B): Pig 3 Specimen 1 from the six-month surface specimen area. (C): Pig 5
Specimen 5 from the eight-month surface specimen area. (D): Pig 4 Specimen 4 from the four-
month burial specimen area. (E): Pig 1 Specimen 6 from the six-month burial specimen area. (F):
Pig 5 Specimen 1 from the eight-month burial| s peci meéohé &0 ea. . . €
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Figure 140 (A-B) : O Podsd that wer e f omonttdspezimengroupsathesed wi t h
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that were found associated with the eight-month burial specimen
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Figure 143 (A-B) i (A): Pig 1 Specimen 2 from the four-month burial specimen area. (B): Pig 5
Specimen 1 fromthe eightmont h buri al specimen area. 73 éééé. . ééé

Figure 144 (A-F) i (A): Pig 5 Specimen 3 from the eight-month surface specimen area. (B-C): Pig
5 Specimen 4 from the eight-month surface specimen area. (D): Pig 4 Specimen 4 from the four-
month burial specimen area. (E): Pig 1 Specimen 6 from the six-month burial specimen area. (F):

Pig 5 Specimen 1 from the eight-month burial specimen
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Figure 147 (A-B): Pig 5 Specimen 6 from the eight-month burial specimen
area. €éééeé. . eeéé. . éeéé. . ééecé. . ééeé. . eéeéeb.eéée. . ece

Figure 148 (A-D) i (A): Distal epiphyses broken separate part of Pig 5 Specimen 6. (B): Distal
epiphyses broken area of bone of Pig 5 Specimen 6. (C): Proximal epiphyses broken separate part
of Pig 5 Specimen 6. (D): Proximal epiphyses broken area of bone of Pig 5 Specimen
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Chapter 1 - Introduction:

Taphonomy is best defined as the study of the processes that affect plant and animal remains
around the time of, and after, death. The application of Taphonomy in forensic investigations
has progressively increased in the past twenty years. Modern taphonomic analysis as
opposed to its original palaeontological form Efremov (1940), is adapted to forensic and/or
archaeological applications (Bonnichsen and Sorg 1989; Haglund and Sorg 2001; Pokines
and Symes 2013). A growing number of experiments and investigations have arguably
established the common changes as a result of taphonomy to decomposing remains;
specifically, how the post-depositional changes occur as a result of complex environmental
factors at are part of a delicate ecosystem (White and Folkens 2005; Carter and Tibbett 2008;
Nawrocki and Latham 2013). Moreover, there has been an increase in investigations into the
diagenetic effects of soil towards skeletal remains and the extent to which the surface of the
bone can alter/change as a result of ecological interactions (Stogner 2016; Nikita 2016; Dent
et al. 2003; Carter et al. 2010; Madgwick 2010; Pokines and Ames 2015). However, such
studies lean heavily towards either very short-term decomposition i.e. from the first stage of
soft-tissue decomposition to the dry stage or are towards longer lengths of depositions from
years to decades post-skeletonization. There are only a few studies that specifically
investigate how the bone surface can change within the first instance of post-skeletonization
(Cunningham et al. 2011; Schultz et al. 2018; Fisk et al. 2019). Consequently, one of the aims
of the current study is to investigate further into the post-depositional changes to the bone
surface from taphonomic maodifications as well as trauma on the bone.

The current study focuses upon incised cutmarks on bone. The tools applied were a non-
serrated instrument with an edge bevel (knife like) that leaves a V-shape profile (Symes et al.
2010; Crowder et al. 2011); a serrated instrument that perforates the bone to create a
superficial mark across the bone surface that leaves a square based mark (Bonte 1975; Loe
and Cox 2005; Symes et al. 2010; Crowder et al. 2011) and an untouched flake (unmodified
stonetool) that has a narrow cross section, steep sides with the apex of the cutmark going to
be steeper on one side as opposed to the other and a possible V shape (Greenfield 2006;
Juana et al. 2010; Otérola-Castillo et al. 2018).

Regarding Sharp-force Trauma in forensic investigations there has been extensive research
that involves characterising trauma marks; specifically investigating class characteristics,
cutmark morphology and prevalence of trauma on bone in cases of dismemberment (Bonte
1975; Andahl 1978; Symes 1992; Salfati 2000; Symes et al. 2002; Bamasr et al. 2003;
Delabarde 2010). There has been little research into how the appearance and longevity of
cutmarks change due to taphonomic modification, particularly in a forensic context (Calce and

Rogers 2007). Therefore, this current experiment in addition to investigating how the bone



surface will change, will also investigate to what extent individual cutmarks created from

different tool types will degrade in a destructive/hostile environment; and from this, which

ecological interactions within the environment will cross-link with each other and impact the

survivability of the bone condition.

1.1 - Aims:

1. Toinvestigate the morphological effects of short-term deposition to sharp force trauma
on bone at a microscopic level.

2. To consider the range of possible factors and causative agents responsible for such
changes.

3. To investigate the effects that deposited bones exert on the soil matrix and surface

microenvironment and the nature of inter-relationships between the two.

1.2 - Objectives:

T

Design a mechanical means of inflicting sharp-force trauma on the bone specimens that
mitigates the human error element in manually inflicting marks in trauma experiments.
Conduct a battery of analyses of the soil matrix to understand the possible ecological
interactions between the soil and the bone specimens.

Track surface environmental changes regarding humidity, temperature, sun exposure and
rainfall to see if they can link to the changes within the soil matrix as well as the surface
specimens.

Conduct a macroscopic and microscopic examination of the trauma marks and
surrounding bone surface pre and post-deposition.

Visually record the change in the mark dimensions (Kerf Width) as well as what physical
changes that are exhibited and link to the type of environment the bone specimens are
deposited in.

Determine the validity of two and three-dimensional microscopy regarding the analysis of

the cutmarks and the surrounding surface across the deposition period.



Chapter 2 - Background and Literature Review:

2.1 - Sharp Force Trauma:

The ability to identify sharp-force trauma on bone remains is important in a forensic
investigation, yet there has been a lack of experimental investigation of the taphonomic
processes that may occur to bone trauma. To date, the most sufficient/relevant literature is
Calce and Rogers 2007 preliminary study into the taphonomic changes to blunt force trauma.
Previous studies provide a basic understanding of the taphonomic changes that occur in bone
in depositional and post-depositional environments (e.g. Karr and Outram 2012; Outram 2001,
Pokines and Hi getal 2Q00).1ABq, thebeth&sibeer supporting research in the
investigation of trauma caused by dismemberment and what weapons are used e.qg.
handsaws, knives and axes (Salfati 2000; Delabarde 2010). Although rare, there have been
forensic cases where such trauma and dismemberment has been inflicted as a means to
conceal the body and erase proof of human interaction (Black et al. 2017; Porta et al. 2016).
When attempting the difficult task of determining cause and manner of death from the
investigation of skeletal remains, it is essential to understand what taphonomic agents and
conditions may erase, alter or hinder the identification of such trauma (Hyma and Rao 1991).

2.2 - Biostratinomy and Bone Weathering:

The investigation of biostratinomic factors (such as butchery and weathering) is one of the
most studied aspects of taphonomic histories, especially from an archaeological perspective
(Lyman 1994). Biostratinomy in this context concerns the pre-burial modification of bone,
specific to weathering and movement of the remains (Fernandez-Lépez and Fernandez-Jalvo
2002). Bone weathering therefore is a key investigative route, as there are several
mechanisms involved that will degrade bone (and thus its trauma) in a subaerial or surface
context. These mechanisms being temperature, rainfall, sun exposure and humidity are
integral when investigating the effects of subaerial/surface exposure to the bone condition.
There have been studies that discuss the prevalence of weathering in assemblages, and what
characteristics are identified in addition to the environmental processes that control them (such
as temperature, humidity, rainfall and sun exposure) (Behrensmeyer 1978; Fernandez-Jalvo
and Andrews 2016; Nikita 2016; Stogner 2016). Be hr ensmeyer 6 s (1978) weat
describe the different forms of surface alteration that is exhibited on skeletal remains; these
stages largely range in years in difference, however, there have been several taphonomic
studies that suggest that these stages recorded in her study actually can differ within a
different environment (her data derives from southern Kenya). For example, studies in New
England found signs of her O0Stage 10 swweeadt her i n

opposed to her 0-3 years (Sorg 2011; Junod 2013). There was a study conducted in the



subtropical humi d environment oage 26 e ratnrda 16 SE la@rei c
weathering to occur significantly earlier i.e. within months rather than several years (Schultz
et al. 2018). Therefore, different microenvironments certainly will influence the extent the
skeletal remains are weathered and therefore whensi gns of t hese O6weatherin
observed; hence why the stages are acknowledged but not inherently followed in this thesis.

2.3 - Soil Geochemistry:

Preliminary reading for determining what geochemical and petrological analyses have been
previously conducted in research that investigates the diagenetic effects to bone preservation
in a buried environment. There are several abiotic and biotic factors present in a burial
environment that contribute towards the decomposition and destruction of bone (Hopkins
2008). To understand the post-mortem changes to the bone (and thus the bone trauma), one
needs to investigate several important variables ranging from the basic texture, mineralogy
and water movement of the soil to the potentially dynamic microbial activity, pH and ion
concentration (Pate et al. 1989). Chemical and Bioerosive degradation of bone includes a
series of different interactions in the soil; Nord et al. (2005) primarily found that soil acidity in
the soil environment mainly effects the macroscopic appearance on bone. However, the
microorganisms present in the soil (such as exogenous bacteria) may have a major influence

on organic contents and histological microstructure i.e. the microscopic appearance.

There are such factors that do not directly cause damage to the bone, however, may provide
a sufficient environment for those factors that do. For example, water holding capacity and its
movement has a role in the rate of dissolution of bone mineral. Especially, in the exchange of
exogenous ions from the soil to the bone; exogenous contamination from groundwater can
supress microbial activity as well (Hedges and Millard 1995). There are several ecological
interactions that cross-link with each other, which needs to be considered. Other different

studies only consider some interactions and their rippling effects, as seen in the literature.

Cross-linking extrinsic factors need to be considered in their entirety i.e. the need to
understand how one factor may affect the other. This is discussed in the literature between
only a few factors e.g. pH, metal ion availability (Harter 1983) and its overarching link to the
soil moisture (Sharma and Raju 2013). All link to the main bio-controlled modifiers of bone in
soil (Nielsen-Marsh et al. 2000), of which there is a considerable amount of research that
investigates how specifically microorganisms degrade bone (Child 1995; Bell et al. 1996;
Trueman and Martill 2002; Carter et al. 2008; Kontopoulos et al. 2016).



2.4 - Soil Texture & Mineralogy:

Texture is a key factor to investigate and understand, as the texture type of a soil matrix often
will dictate what other effects may occur i.e. it influences other physical factors of the soil. For
example, the proportions of sands and silts in soils with a lower clay content will determine the
pore characteristics and therefore the water movement/regime within it. Texture affects the
water holding capacity and movement of the soil; fine textured soils will retain moisture more
than coarse textured soils (Krogman and Iscan 1986). Coarser texture provides an easier
transmission of water due to the lack of clay content; clay has the ability to retain water due to

smaller particle size.

Soil particle size and proportion therefore influences water permeability and air exchange
within the soil. For example, coarse textured soils allow gases and water (moisture) to move
relatively rapidly through the soil matrix i.e. this type of soil loses moisture easily, thus appears
as a low moisture content (Tibbett and Carter 2008). However, if the environment is low
enough in moisture and dry enough in regard to little rainfall, then desiccation is promoted.
Thus, in turn, it can actually inhibit decomposition in more extreme settings such as hot dry
(Egypt) or cold dry (Siberia) environments.

2.5 - Soil Moisture:

As discussed above the moisture content of the soil is a very influential factor that should be
considered during diagenesis studies. If soil particles are coarser (sandy soils) with less clay
content, then the ability to retain moisture is reduced; so, a greater diffusion of gas and water

is allowed, which promotes decomposition due to the rapid movement of ground water.

Whereas, a wetter, finer textured soil can result in decreased decomposition as the rate of
oxygen exchange might be low for microbial demand, low rates of gas diffusion and retained
wet conditions result in anaerobic microbial suppression (Carter 2005). Following this logic,
soils with higher diffusion rates (in association with its texture class) allows for reasonable
conditions for ground water movement and microbial activity; however, if the environment is
too dry (low humidity or desiccated environment), then it can inhibit decomposition because
the hydrolytic enzymes associated with the cycling of carbon are retarded (Surabian 2012).
This is an example of how moisture is dynamic an influential factor, in this case specific to an
indicator of Ground Water Movement (GWM) and potential microbial activity within a texture

class.

Matric potential is something that should also be considered, it essentially is the soil water

potential,i.e.it 6s t he potential that is derived from

t

he



soil particles (Carter et al. 2009). It was concluded in a study above that the moisture content

of the soil can modify/influence the relationship between cadaver decomposition, soil

mi croorganisms and temperature. ltds understood
is being added through rainfall, lost through evaporation and drainage; there are external

factors at play to be considered in soil hydrology.

2.6 - Soil Organic Content:

The amount of organic matter levels can influence and be influenced by other factors in the
soil matrix. Regarding texture, soils with a higher clay content usually have higher organic
matter content due to the slower decomposition of it; it depends on the bonds between the
surface of clay particles and the organic matter and the potential for aggregate formation (FAO
2018). Macroaggregates physically protect organic matter molecules from mineralization
through stabilizing them with soil microsites, protecting them from processes such as microbial
attack (ontl et al. 2015). Therefore, soils with a lower clay proportion lack the ability to protect
organic matter molecules via macroaggregate production i.e. their exposure is greater to
degradative factors. Therefore, sandy soils will typically have a low amount of organic carbon,
which sharply declines with depth, and the surface soil (0-0.15m) is the principal reservoir off
this carbon concentration (Carlye 1993).

Poor organic content is contributed by extremes in pH of the soil, the acidity of a soil can hinder

the growing conditions as well as inhibit microorganism activity (expect for acidophiles) (FAO

2018). The reasons behind why the organic content is low in a soil matrix highlightsh ow it 6 s a
hostile/destructive environment for remains i.e. the organic content of the bone is susceptible

to degradation from biological activity, greater movement of water et c . l'tés stated in
2012) that the more corrosive/destructive soils are characterised by a low pH, high

exchangeable acidity and a low organic content.
2.7 - Porosity (Bulk and Particle Density):

Understanding the porosity and therefore the density of the soil matrix is key to determine the
hostility of an environment towards skeletal remains, as certain levels of porosity and density
correlate with other key variables and can contribute towards a degradative environment for

the bone specimens.

tbs been stated previously what factoresjineday be i
variables such as water holding capacity, movement and organic content. The greater the bulk
density, the smaller the pore volume; and there is a reduction in available water holding

capacity, thus plant growth can be hindered. Essentially soils with a lower organic content



often will have higher relative bulk densities and lower porosity values (and vice versa)
(Chaudhari et al. 2013).

Bulk density itself is inversely proportional to porosity, meaning high bulk density is an indicator
of a lower soil porosity and soil (Silva 2011). Sandy soils have a higher bulk density as the
total pore space in sands is less than silt or clay soils. The particles in silt/clay soils are finer,
so, a large number of small particles can fit in a volume of solil, so they have a greater amount
of inter-granular space between them. Sandy soils have larger particles and since fewer large
particles can occupy the same volume of soil, there are fewer pores and thus a relatively lower
porosity (Azlan et al. 2012; NRCS 2019)

Although, a sandier based soil may have a relatively lower porosity, this does not mean it
cannot facilitate a more destructive environment, especially for susceptible remains. Due to
the nature of the sand particles being coarser, they have less surface area to which
hygroscopic water can attach, allowing better fluid movement and interconnection between
the pores i.e. higher permeability as opposed to Clayey soils (Gartell 1992; Ball 2001; Bruand
et al. 2006). It was stated above about how soil particle size affects water permeability and
that sandy soils will have a higher permeability compared to more clayey soils. This supports
the above point that density and porosityarei nf |l uenti al factors as itos
with greater water movement in combination with other contributing factors can create a hostile

environment that will degrade bone.
2.8 - Soil Acidity (pH):

The relationship between the H+ ion concentration within the soil water and the calcium
phosphate composition in bone is well established; an increase of the H+ ion concentration
forces the reaction to the right, meaning hydroxyapatite will dissolve more in conditions with
more [H+]; whereas in more alkaline i.e. lower [H+] it is increasingly stable (Nielsen-Marsh et
al. 2000). Acidity of a soil is certainly an influential factor in bone degradation and cross links
with other factors e.g. flow of water. When the flow rate is high in an acidic environment there
is constant replenishment of the H+ ions in the immediate soil solution, meaning any increases
in flow rate may increase the dissolution of the mineral component of the bone (Symes and
Pokines 2012). Therefore, there is a lower solubility of bone mineral in alkaline systems with
a pH greater than 7.5 and a higher solubility in acidic systems with a pH lower than 6. Alkaline
soils are controlled mostly by the amount of soluble calcite in the ground, whereas acidic

systems are controlled more by the amount of CO2 ions in the soil (Rowell 1994).

Brothwell (1981) described the difference between certain types of soil and bone-surface

preservation e.g. in extreme pH soils that may be very chalky or decalcified the bones will be



damaged, whereas more clay type soils with a higher pH they can be preserved. Essentially
demineralization of the bone is expected to occur in very acidic soils, whereas calcium
carbonate deposition can occur in extreme alkaline soils (Brickley and Ferlini 2007).
Differential damage can occur in alkaline and acidic conditions, in alkaline conditions the
organic collagen hydrolyses and facilitates microbial attack; results the hydroxyapatite
becoming brittle (Smith 2003). Whereas acidic soils on the other hand produce more extensive
macroscopic damage such as thinning or windowing of the cortical bone as the rate of mineral
dissolution is faster than the damage facilitated by alkaline soils (Nikita 2016). The acidic soils
breaks down both the inorganic hydroxyapatite component of the bone and the organic
collagen component; thus thinning the bone cortex (Polkines and Baker 2013). Pokines and
Symes (2013) discussed the gross morphological effects of acidic soil erosion, commonly the
smooth surface texture is lost as well as defined features; the loss is common at the epiphyses
of the long bones where the cortical bone is the thinnest and may be destroyed entirely
throughout the process. A supporting study from Casallas and Moore (2012) found that after

8-10 years in soil with a pH ranging from 4.2-4.5, there was near complete mineral dissolution.
2.9 - Major and Trace Elements in Soil Sediments:

The exchange of exogenous and endogenous ions between the soil matrix and the bones
depend on the ion levels in the soil matrix and whether any leaching is likely to occur; inclusion
of exogenous ions found in the bone apatite are indicators of diagenetic change as there is a
certain level ion reactivity in bone apatite which makes it a good absorbent for different ionic

species. Presence/absence of these can lead to a change in bone condition (and therefore

can have a tandem effect on bone trauma condition) (Nielsen-Marshetal. 2 0 0 0 ) . It c hc
to be investigated as itbés certainly an ndnfl uen
that some exogenous ions in the soil can suppress microbe activity and decreased their bio-

erosive effects. These ions are lined to water saturation levels i.e. water holding capacity limits

in the soil as well as gr ounkky invmibeeal dissolatiene me n t .

specifically concerning Ca”2+ and PO4”3- ions; there are combinations/conditions that are
and are not favourable for bone preservation. For example, limited GWM (soils with a larger
amount of fine clay particles) and high concentration of calcium and phosphate ions means a
high survivability, whereas, increased GWM (soils with larger amount of coarse sand patrticles)

and low concentration of calcium and phosphate ion means a low survivability.

Regarding the ionic exchange between soil and bone, Calcium and Phosphate ions are major
ions of inorganic hydroxyapatite and they can affect preservation based on leaching. Calcium
can be leached from the bone in a highly acidic environment, there are a high a number of

hydrogen ions in the soil and the calcium leaches out to create an equilibrium between the ion



ratio in the bone to the ratio in the soil (Baxter 2004). Phosphate ions from the bone can be
precipitated by the Fe and Al ions interacting in acidic soils; the ions in the soil remove the
phosphate ions from the bone essentially (Siegel and Saukko 2012). Specifically, the ions
react with dissolved iron and aluminium ions and precipitate as ferric iron and aluminium
phosphates (Perk 2006). 1to6s mtothe hydraxyapatgeift hat t h
the environment were to become less acidic, however, that is unlikely, even with the slight
influx that can occur during soft tissue decomposition. lonic exchange is also considered to
be linked to pH as there are certain elemental ions can that can cause degradative damage
to bone in different pH levels; as the soils pH either facilitates or disables the mobility of the
ions. Meaning, ionic exchange, sorption/desorption are influenced by pH (Caporale and
Violante 2015)

According to Harker 1983, pH is a defining factor in metal ion availability as the amount of
retained metal ions depends upon the [H+] where retention would increase with a pH from 7.5
onwards. Therefore, greater permeability and GWM in the soil also facilitates the movement
and exchange of ions between bones and soil. Sharma and Raju 2013 supports this claim that

ités related to WHC (retention), the moisture an
2.10 - Microbial Activity of Soil:

It is known how microbes and their activity may be more frequent or less based on other

influential factors, one of which being the texture class of the soil. To reiterate, in soils with

more fine textured soils, the rate of oxygen exchange is lower because retained wet conditions

and low rates of gas diffusion create a low anaerobic microbial demand i.e. anaerobic

microbial suppression occurs (Carter 2005). The exogenous ions in the groundwater may also

suppress microbial activity e.g. cross-linking between the bone collagen and humics in the soil

may retard the degradati on, Ithetweenthe soilsiexogesousmo st | i
ions and the demand for the microbes (Hedges anct
been stated already that more alkaline soils facilitate microbial attack better resulting in

histological damage, loss of organic components and biomolecular degradation (Nikita 2016).

This does not ignore the potential damage to be done by microbes in acidic soils however, as
microbial activity only ceasesto occur once itds below approxi mat e
acidophilic microorganisms (Rousk et al. 2009). It should be noted that fungi have a greater

tolerance for lower pH optima in soils than bacteria, this is most likely because their

metabolism is pH regulated (Lynch 1995), meaning fungi can adapt to a larger range of pH for

their survival and function. Rousk et al. (2009) determined that fungal growth was favoured at

a low pH whereas bacterial growth was favoured at high pH in arable soil (Buckman and Brady

1969; McCauley et al. 2017). It was further discussed that there is a systematic pattern with



decreased bacterial growth with a lower pH irrespective of soil type, as well as the increase of
fungal/bacterial growth ratio with lower pH (Rousk et al. 2011). This means that in a lower pH
soil, the community shifts from a balance between fungi and bacteria to a more fungi dominant
soil (Rousk et al. 2010).

2.11 - Microorganism presence i Nematode Population Activity:

Nematodes are one of the most numerous multicellular organisms in the soil in terrestrial and

aquatic ecosystems; their existence and identification is complex due to the number of

identifiable species compared to the larger number of unidentifiable species. They are varied

and inhabit different soil environments in dissimilar amounts based on the physiological,

hydrological and biochemical conditions of the soil matrix. The soil free-living nematode
communitiesd composition, morphol ogy,uefcelbydi ng gu
abiotic factors and nutrient availability (Pen-Mouratov et al. 2004).

They are quite versatile in their own environment, meaning they are a sufficient bioindicator
for microenvironmental changes in the local soil matrix, these changes being associated with
specific ecological processes (Bongers and Bongers 1998). The extent to which their
significant population changes throughout the seasons has been studied in multiple
environments, however, a typical pattern can be seen. This pattern being the total number of
nematodes is highest in the Autumn period and decreases during the Winter and Summer
period. The reasons are mostly linked to moisture where they favour a wetter environment as
opposed to a drier one; the populations are lower in the winter due to the lower temperature
and organic content, whereas the populations are lower in the summer months due to the lack
of moisture and higher temperature (Pinochet and Cisneros 1986; Bilgrami and Gaugler 2004;
B r met@l. 2004). This pattern is not followed exact among every soil environment, of course
it depends simply on the soil matrix being the appropriate temperature, moisture level and

level of nutrients.

There has been limited work done specific to a systematic description of nematode community
responses to vertebrate decomposition; according to the present studies, macrofaunal
communities associated with decomposition of vertebrate are restricted to cataloguing taxa of
nematodes as well as determining if their taxa differ based on the remains body section
(Szelecz et al. 2018; Keenan et al. 2018). There are a specific lack of studies of how these
communities have changed in a short period of time at different intervals in response to
vertebrae decomposition; this aspect of the study hopes to achieve this. However, the
accuracy of the identification will only be specific to the feeding guild rather than the explicit

species due to the limited time during this study.
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2.12 - Diagenetic Bio-erosive Activity of Macroarthropods on Bone Condition:
From Chapter 3.5 of Undergraduate Thesis (Gent 2018 unpublished) Verbatim:

Bioerosive effects of arthropods on bone have been investigated previously by Jean-Bernard
Huchet in 6Approche ichnologique et taphonomi qu
i nsectes en contexte ar ch®ol -bunanpiolegical {dgeéhtssuchet 201 4
as arthropod orders are said to be involved in the taphonomy of bone degradation. From taking
an ichnological approach i.e. investigating the traces produced by organisms to study the
taphonomy of bone degradation (Mangano and Buatois 2011). Specific details about the
taphonomic history of a bone specimen can reveal the identity of a biotic agent. Huchet also
investigates various osteolytic lesions enacted by insect activity such as perforations, local
bone deficiencies, erosion of cortical and trabecular layer etc. The behaviour of the insect
activity has been explored further, where different species will exploit skeletal remains in
different circumstances i.e. how termites will exploit exposed and buried bones, the Dermestes
genus will feed primarily on sub-aerially exposed desiccated carcasses (Huchet et al. 2013).
This is very useful information to keep in mind in the possible case of insect activity, whether
this activity will or will not impact the taphonomy of the bone surface and the trauma on said
sufac e candt be assumed. However, it has been higt
be taphonomic modifiers for bones, therefore they could potentially be modifiers of bone
trauma (Paik 2000; Fejfar and Kaiser 2005; Britt et al. 2008). Taphonomic overprinting may
occur as a result of their movement an-dhage@ s hown
linear and branching grooves (Bader et al. 2009). These examples of shallow linear traces on
the bone surface (depending on their dimensions) may partially affect the kerf morphology of
the trauma mark. However, the possible Bioerosive effects of insects cannot be assumed in
this investigation without direct observation of one of the primary orders of insects that (known

as taphonomic agents) being active (Huchet et al. 2013).

2.13 - Techniques Used to Analyse and Characterise Cutmarks on Bone:

Over the last ten years there has been a larger increase of methods that can be used to
investigate the appearance, structure and dimensions of cutmarks inflicted upon bone. The
foundation for this has been from a ranged interest in interpreting the cutmarks in an
archaeological context such as butchery practices (Bello et al. 2009; Mate-Gonzalez et al.
2017) or in a forensic cont extribmnes dr evalencelofo o ki n g
dismemberment at the epiphyses of long bones (Puentes and Cardoso 2013; Porta et al.
2016). The more advanced three-dimensional methods have the ability to identify the variation
of the cutmarks based on the tool-edge characteristics through the techniques being able to

reconstruct the surface features accurately.
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The research aim will influence what information is to be recovered from analysing the
cutmark, for example Puentes and Cardoso (2013) aimed to investigate further into the effect
that a knifes blade angle has on the intra and inter-individual variation in human costal
cartilage. This of course requires a method that has the ability to investigate a tool classes
striation pattern observed in the kerf wall and floor of a cutmark, here they created casts and
processed them using an Olympus stereomicroscope. Two-dimensional microscopy has been
very useful in being able to obtain data regarding classification of the cutmark as well as
observing the topography of the surface and the mark morphology in a range of research
areas (Greenfield 2006; Kooi and Fairgrieve 2012; Porta et al. 2016; Orlikoff et al. 2018).
However, three-dimensional microscopy can offer additional information that 2D microscopy
(optical and SEM) cannot; as stated in (Moretti et al. 2015) which directly observed cross
sections of cutmarks, as well as involving certain calculations relevant to the micromorphology
of the cutmark. Controversially, it has been discussed that there should be higher classification
errors in samples analysed by 2D rather than 3D. In this study, it was actually established that
although the 3D methods have a higher accuracy for identification and classification, the 2D

methods match classification rates generated by 3D methods (Courtenay et al. 2018).

Analysis has been further advanced where micro-computed tomography needs to be utilized
in an investigation (Thali et al. 2003; Pounder and Sim 2011), Rutty et al. 2013 explored the
role of this in forensic investigations to establish that this technique provides greater spatial
resolutions and can overcome limitations that occur with more image-based methods such as
optical microscopy. Further than this, using this technique allows you to overcome more simple
optical restraints, one being the limited depth of field within two-dimensional microscopy or in

three-dimensional microscopy where there are optical obscurities.

Aside from 3D optical microscopy and Micro-CT scanning of a cutmark, there has been
explorations into laser scanning, confocal microscopy and micro-photogrammetry; this has
been assessed in Mate-Gonzalez et al. (2017), where they compared the resolution and the
guantitative recording ability of the techniques. In summary, they found that overall they
produced statistically similar results with small differences between them that are negligible;
of course, this should be noted as they are different techniques by source, however, have

produced O6statistically indistinguishable result

In summary, there is a large variety in techniques to analyse the structure, appearance and
dimensions of cutmarks on bone. The choice of t echni que wi || depend o1
resources i.e. what equipment is available at their disposal, the desired obtainable information
and limitations of the sample. The pertaining literature suggests that although there is a large

amount of advanced techniques that can offer a wide disposal of useful information; the more
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basic two- or three-dimensional optical methods are still as accurate when it comes to

determining base features such as tool classification and dimension measurements.

2.147 Forensic Relevance and Epistemological Outline of Taphonomy:

Taphonomy is a wide-reaching subject integrated into multiple fields and applied to a variety
of investigations rooted in paleontology, geology, archaeology, anthropology and forensic
science. Since i t 6 s o rHfrgrion (1940), thb area of study accepted under the term

comprises post-mortem processes, of which there are two lines of approach outlined by

(@)
o
—

Quinney (2000). Thef i r st of t hese is O6neotaphonomy
involves experimention applied to scenarios/situations generally in the recent past through
an hypothetico-deductive analogous comparison i.e. the method of inferring the nature of past
events by analogy with observable processes and actions in the present (Rudwick 1976). The
second is palaeotaphonomy, this approach retrieves key information regarding the content of
depositional sites, their formation processes and relative context through using techniques
such as temperospatial patterning, skeletal part representation and identifying breakage
patterns in skeletal remains. Nawrocki (1995) identified importantly three classes of
taphonomic processes and variables. There are: 1) Environmental factors which involve the
biotic/abiotic factors of both the environment and the remains of interest. 2) The individual i.e.
the intrinsic traits that can influence the decomposition process such as age, weight, and sex.
3) Cultural and behavioural factors, such as the type of burial and the circumstances of death,
as both can reveal specific aspects about that individual and the society, they were a part of,
whether modern or ancient. These broad taphonomic processes can be investigated from
either of the above approaches. Forensic taphonomic research can have all three taphonomic
6classesd investigated wi t-basedinvbstgations aap falkwitrenc he s ; €
actualistic taphonomy whereas the case-based single study reports can be considered to be

paleotaphonomic in nature.

Nawrocki (1996) identifies geotaphonomy and biotaphonomy as two main subfields of
taphonomy that have gained acceptance in the past decade, both of which have been applied
within forensic taphonomy. The former investigates the effects of the assailant and the remains
on the surrounding geological/sedimentological environment, whereas the latter examines
modifications to the remains themselves. Like forensic taphonomic investigations, these two
broad subfields can follow both the actualistic and the paleotaphonomic approach; both
biotaphonomy and geotaphonomy link together to allow an investigation into the factors that
could have affected the remains by understanding the specific microenvironment of the
recovery scene. Taphonomic theories over time have greatly developed and improved

themselves through interacting with new fields and exploring them within the realms of the
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investigation. For example, the neotaphonomic approach became greatly popular within
anthropological and archaeological studies between the 1980s-1 9 9 0 6 s a nsdialuableo m t hi
modern analogue and experimental field projects were developed (Fernandez-Jalvo and
Andrews 2016). They showed how certain taphonomic modifications changed through time
and space via techniques such as photographing, mapping, and measuring the dispersal
patterns of remains. In addition, environmental parameters could be measured (melding bio
and geo-taphonomy) to support these patterns and as well as conduct various long-term
monitoring experiments to compare to the past to give further context. These actualistic
monitoring studies ranged between the study of large and small animal remains (most of are
the former), where investigating them can reveal crucial environmental details; thus reveal the
patterns that can explain the temporal or spatial context of some of the bone assemblages
(Madgwick and Broderick 2016; Wescott 2018).

Once the field of forensics was added to taphonomy, it definitely expected to have a large
impact on the broader field, due to its nature it required more rigorous, analytical and highly
meticulouse x per i ments that could be sufficiently <cl a
Quinney outlined (Black and Ferguson 2011) that there are few taphonomic studies that are
sufficient enoughto comeunderas 6f orensic evidenced meaning th
within them, might not have been approached in the highest of standards; and that in general
there are a lot of unstandardized protocols. More traditional taphonomic approaches may not
be seen as sufficient also as they focus more on the application of uniformitarian assumptions
in order to understand the decomposition processes (Lyman 1994). Whereas this newer
60subcl as s dmy oef forensicptaplmonomy is based less on assumptions and more on
utilized knowledge of the contemporary world as well as understanding what occurs between
the process and product of the experiment (Pobiner and Braun 2005). Fortunately, Haglund
and Sorgs 1997 and 2002 volumes together offer a comprehensive introduction ti the area of
forensic taphonomy establishing the necessary literature and research for their time; although
there has been a plethora of literature since , they are still considered essential to understand
the origin of this subfield and how it should fit within the realms of taphonomy in general.
Haglund and Sorg (2002) emphasise the importance of the synonymous relationship that
forensic science has with taphonomy; both subjects and professions can learn from each other
and work together. They outline the need to be able to distinguish between damage on a bone
caused by rodent-gnawing from damage that resulted from an assault on the individual, as
well as the physical relationship they could have with each other i.e. how one may remove the

history of the other (such as taphonomic overprinting) (Haglund and Sorg 2002).

As outlined above, the one shared aspect between the experimental sides of forensic science

and taphonomy that should always be considered is actualism. The experiments and
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researched conducted by forensic scientists and experimental taphonomists can learn from

their different analyses and improve upon themselves; this has carried on into what Forensic

Taphonomy is known and is appreciated as now. Forensic Taphonomy as a discipline does

have an odd place in the applications to the mec
it reaches the standards to have a solid place in the courtroom (Tibbett and Carter 2009). To

reach such a standard might appear impractical, even though methods and hypotheses are

improving by considering a larger array of extraneous factors and variables that need to be

understood to further understand the ecosystem of the cadaver and the surrounding

environment (Dirkmaat et al 2008; Dirkmaat and Cabo 2016).

Lastly, Quinney (2000) outlines one of the larger issues in taphonomy, that as there is one
physical past, there may be multiple agents that have produced it, therefore, our interpretation
of those agents or lack of awareness of them in an experiment, might affect our reconstructive
ability of these traces. Overall, these issues are currently acknowledged, and continue to be
explored. Whether this gold standard is reached in the near future is unknown, however, it
can be said that the area of Forensic Taphonomy as a discipline, is attempting to take
advantage of these more actualistic (i.e. neotaphonomic) approaches, with consideration of

the past paleotaphonomic approaches to learn from each other and improve.
2.15 - The Biomechanics of Bone and Skeletal Trauma:

The biomechanical properties of a bone i.e. the strength, elastic modulus, hardness, and
conductivity that result from its anatomical structure and composition will influence how it will
fracture (Kimmerle and Barabar 2008). Bone itself is a composite structure that has
viscoelastic properties that are transversely i sot r opi ¢, meaning ités a m
single material direction and whose response in the plane orthogonal to this direction is
isotropic i.e. the lines of resistance are aligned in a single plane (Dong and Guo 2004; Black
and Ferguson 2011; Popov et al 2019). The composite structure of bone can be identified as
a mix of hydrated organic matrix that is composed of collagen (organic) and hydroxyapatite
(mineral). The biomechanical properties of bone are influenced by this specific structure; the
collagen is pliant and is reinforced by stiff mineral particles i.e. the brittleness of the mineral is
compensated for by the viscoelasticity of the collagen (Sasaki 2012).

Regarding structural resistance, bone has been found to be more resistant to compressive
forces than to tension, meaning failure typically occurs more so when tension is applied. When
applied forces do not align with the bone structure (e.g. they go against the lines of resistance)
t hen O odsesfecorunsat i o nptagtic defsrmatidn) cansbe created as a result of the
bone not being able to distribute/dissipate the energy efficiently (Davidson et al 2011; Kemp

2016). This is influenced by the bones ability to absorb the energy (explained through youngs
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modulus of elasticity); when the bone is exposed to the specific force, it can only be competent
for so much of it (Carter et al 1980; Currey et al 2004; Currey et al 2006). Meaning, if the
applied force exceeds the point of structural competency, the structure will fail and ultimately
create permanent change to the bone structure and fracturing. If the bone can sufficiently
absorb the applied energy and is competent, the bone should return to its original shape so
longasthey i el d poi nt where piadtic defoenatiorhoecdrs or it exceeds the yield
point and fails (Symes et al 2013; Hart et al 2017).

In context, these forces may cause injury andfracture s t o t he i ndi vidual

are many important factors that can influence injury and failure in addition to bone composition,
such as shape and thickness of the bone as well as the type of tissue (trabecular or compact
bone) (Kimmerle and Barabar 2008). It is known that trabecular bone allows for maximum
strength for body weight load and regular physical activities, which is based on its crisscross-
like structure (Currey 2002; Barak et al 2008; Waugh and Grant 2018). However, compact
bone (aka cortical bone) is actually stiffer with a higher resistance to stress and a lower
resistance to strain, whereas trabecular bone, with its more porous structure, has low
resistance to stress and a high resistance to strain (Hart et al 2017). Stress being the applied
load per cross-sectional area, and strain being the change in length per initial length (Cole and
van der Meulen 2011). Repeated stress and/or strain can result in a fracture (Schmitt 2007).
Regarding applied forces, bone can handle compression better than tension, specifically
cortical/compact bone reflects this, whereas trabecular bone can be less predictable and more
volatile mostly due to its less organised/arranged perforated connective structure (Kieser et al
2013; Hart et al 2017).

Tension and compression forces are two of the five major applied forces according to (Smith
2017), the rest being torsion, bending and shearing; in most compression injuries actually,
force is applied through bending or shearing also, as there have been various reports on the
intricacies between them. For example, a shearing force is technically a bending force that is
applied when the bone is immobilised and can occur in deeply penetrating or sharp force
injuries. Whereas a torsion injury can occur as the result of twisting a bone and can be seen
as a result of beating or torture via a stroking weapon. Bending forces that result in fracture
rarely occur without another force being present such as tension or shearing (Ortner and
Putschar 1981). Understanding the biomechanical processes behind how different fractures
and injuries are created are necessary to understand the injury itself. Bone fractures can be
relatively predictable as the bone itself can only respond to forces dictated in a certain manner,
hence why a forensic anthropologist can gain a lot of information about the trauma mechanism
from these fracture patterns (Kimmerle and Baraybar 2008). The injuries of interest are ones
caused by weapons specifically, of which there is a large difference between blunt force

trauma (BFT) injuries and sharp force trauma (SFT) injuries; BFT injuries are those sustained
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from low-energy impacts over a large surface area from a broad instrument, whereas, SFT
injuries are a mix of low- and high-energy forces applied dynamically over a narrow focus by
an instrument with a sharp edge/point (Byers 2017). They can range individually based on the
circumstances e.g. BFT injuries can either be low-load or high-load based on whether it was
a small implement used such as a hammer or a larger force such as an explosive blast
(Kimmerle and Baraybar 2008). SFT injuries will differ among themselves based on how the
sharp-edge/pointed instrument is used, i.e. whether or not the force is applied in a vector
perpendicular to the contact area (vertically) with a light or heavy instrument (weight will
change the potential for fracturing here) or if it was inflicted across parallel to the surface with
enough pressure to produce and injury (e.g. serrated implement) (Black and Ferguson 2011).
The former is more likely to create osseous deformations than the latter due to the applied
force involved, and the potential propagation of force applied across the bone surface will be
greater than if it was drawn across i.e. hacking as opposed to sawing should cause more
underlying structural damage or exceed the structural competency more if enough force is
applied dynamically. Overall, there are a variety of investigated extrinsic factors that can
influence the nature of the applied force and the resulting injury ranging from the velocity,
weight, distance and weapon characteristics; all of which can be reflected upon the injury and
interpreted by a forensic anthropologist.

2.16 - Concluding Point:

Overall, there is a plethora of literature that establishes these individual factors have been
investigated regarding their influence in the preservation of bone during and before deposition.
However, there is a lack of multi-analytical approaches to investigating these factors as a
whole, especially from a forensic viewpoint and the compounding effects on the bone surface

survivability and longevity (and therefore the trauma survivability and longevity).
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Chapter 31 Method:

3.1 - Approach:

This research project uses porcine (Sus scrofa domesticus) bone remains, which are a suitable experimental proxy for human remains

(Tsukamoto and Pape 2008). However, those available were juvenile remains only (average weight is 75kg), therefore, this will have certain

implications regarding the analysis. The table below is a summary and outline of the methods considered, further elaboration of the steps

approached, and phases are delineated after.

Phase | Procedure Materials Tools Procedure Outline
1 Bone 50 Bone 30L Cooler for Go to Soutars Fine Meats (Butchery Source) and collect pre-arranged number of
Collection Specimens transportation defleshed, fresh bone specimens. Mixture of Long bones and Ribs from five different
(Ribs and pigs of the same herd, and similar age/weight.
Longbones)
Cutmark 50 Bone Constructed (with Inflict three cutmarks on each bone for each off the three chosen tools. Cutmarks will be
Infliction Specimens weights) Cutmark spread evenly across the bone specimen for ease and accuracy of infliction.
(Ribs and Infliction Device
Longbones). Cutmarks should be inflicted preferably within the same time period as each other to

(CID).

Three chosen blades
of choice (cleaver,
hacksaw, untouched
flake).

avoid as much variation as possible.
Cleaver tool will be attached to CID at a specific height and weight.

Hacksaw and untouched flake will be augmented individually (if attachment to the CID
i snot possible) to deliver the same nurt
same weight.
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the Cutmarks

Bone
Specimens
(Ribs and
Longbones)

Microscope

Appropriate PPE and
biohazard protection

Phase | Procedure Materials Tools Procedure Outline
2 Maceration 50 Bone Beaker bath Set the water bath to 37.5 degrees (chosen optimal temperature for bacterial growth)
Specimens S _
(Ribs and Scalpel Bath can only fit a limited number of bones, so macerate in batches.
Longbones). Tweezers Macerate for two days fully, and after the first batch is done, during the maceration of
_ the second batch, conduct the next phase for the first batch (further explanation below
Appropriate PPE and | i section 3.2.2).
biohazard protection
After maceration is complete, remove the specimens carefully, soft tissue should peel
off relatively easily and dispose in the biohazard bin. Remove enough to make the
cutmarks visible enough for the scanning in the next phase. Pat dry with blue roll, leave
in the fume cupboard shortly and then conduct the next stage.
3 Scanning of Batch ready VHX5000 Keyence Once the specimens are relatively dry (not fully dried out), start scanning the cutmarks

using the Keyence microscope.

Photograph the cutmarks to the best resolution possible (at the time) ready for
appropriate length and width measurements of each cutmark (procedure is described
further below).

Scanning and measuring will be conducted within the same day the batch has finished
with maceration to avoid as much variation as possible.

Moulding of
the Cutmarks

Scanned ready

Bone
Specimens
(Ribs and
Longbones)

Hydrophilic Vinyl
Polysiloxane
Impression Cartridges

Dental Gun
Dispenser

Mixing tips

Once specimens have had the cutmarks scanned and measured, they will be ready to
be moulded.

The impression materials are fast acting so for ease and to save time mould several
cutmarks in one go of the same type i.e. lay the bones with the cleaver cutmarks facing
up first, shoot the material in the cutmark and the surrounding area and wait to dry. After
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Oral Tips

that, turn them over so the next cutmark type (Serrated or Stonetool) can be moulded
appropriately.

Moulds once dry will be removed carefully, wiped with IMS and blue roll, then stored in
sterilin tubes.

Further information on this procedure is below. This is planned to be repeated and a
part of Phase 5.

Barrier poles
Labels for bones
Sampling bags

Plant corer.

Phase | Procedure Materials Tools Procedure Outline
4 Experiment 50 Bone 30L Cooler for Using the barrier poles, ground pins and garden wire, outline the burial and surface plot
Set-up, Specimens transportation for the experiment, making sure there are separate grids individually for the pigs and for
Deposition prepared ready _ the 6Exhumati on Ev anmonthd thatthesspecimdamsewill stayddpesited
and Sampling | for deposition | EXcavation for before being removed and examined. Make sure each bone has its laminated label
(Ribs and equipment attached, and this with garden wire is secured to the ground or to the nearest barrier
Longbones) Garden wire pole. Chicken wire will be added around the plot or over the surface lightly to avoid
scavenger activity, however, avoid restricting the specimens from plant growth or
Ground pins general exposure.
Bamboo Samples the soil using the plant corers and store in the sampling bags with an
appropriate label both for the topsoil and burial layer of the burial plot.
Chicken wire

Further information is discussed below.
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Phase | Procedure Materials Tools Procedure Outline
5 Environmental | Collected SEE TABLE 2 FOR SEE TABLE 2 FOR OUTLINE OF SOIL TESTS
& Soil Analysis | cored samples | OUTLINE OF SOIL
from the burial | TESTS
plot

Cutmark Photographs of | Keyence VHX5000 Prior to the first OExhumation Eventd i

Measurements | cutmarks on length and width of the pre-deposition cutmarks for the bone specimens.

& the Keyence _ _ _

Observations Phase 5 is repeated after each exhumation event once the specimens have been
cleaned and then to be photographed using the Keyence VHX5000 prior to
measurement of the post-depaosition cutmarks.

Following the measurement of the post-deposition cutmarks, physical changes will be
chosen to be observed and tallied to indicate the level of change or degradation that a
cutmark has gone through during deposition.
Following this, cutmarks will have their moulds created again to be compared to the pre-
deposition cutmarks.
Further information is discussed below
6 Exhumation 50 Exhumed Starting from EE2 - Once specimens are removed from the deposition areas, they are transported in the 30L
and Removal | Bone 2mm large sieve cooler in sample bags specifically to the laboratory. They are then photographed,
of Bone Specimens _ cleaned carefully and then pat dried ready for the repeat of Phase 5 i.e. Environmental

Specimens (Ribs and 5 5 & small sieve & Soil Analysis and Cutmark Measurements & Observations.

Longpones) for 30L Cooler for
tha’? time transportation
period
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and qualitative
results from
Cutmark
measurements
and
observations.

Phase | Procedure Materials Tools Procedure Outline
7 Data Sample data Computer with SPSS | This will involve a comparison of the physical and chemical changes of the soil as well
aggregation from the soll Statistical Software as any measurable and observational physical changes to the cutmarks during the
and Statistical | tests Package and deposition periods.
Analysis Microsoft Office
Quantitative Software When appropriate, the data will have their normality and statistical significance

determined to further outline any possible patterns across the experiment timeline.

Further information on this is below.

Table 1: This is a summary materials table that outlines the procedures involved across the methods of this study. It is only an outline of the
rationale, further details on the steps involved in the method approach as well as the specific phases is stated further below (Section 3.1.1 1

3.5.5).
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3.1.1 - Step 1: Construction of Cutmark Infliction Device (CID) and Individual Tool

Attachments:

The ClDheakafbé6Tctorod6) is a basic counterbal

has a bevelled blade attached to an adjustable frame, of which a specific height, length and
weight can be chosen and be consistent. A quick release mechanism and wide base ensures
a stable release and repetitive infliction of a (chop) cutmark

Figure 1 (A-B): Full and close view of the Cutmark Infliction Device in its entirety.
Specific measurements and calculations can be found in Appendix Section C.
The overall additional mass that was chosen was 4.5kg (approximately); the mass of the bar,
cleaver blade, U-bar and screws were used with other measurements were used to calculate

the velocity of the blade. The velocity of the infliction was calculated and designed not to

change as long as the weightsdidn 6t change, nor di dhistsgedficmass g ht

was chosen as the minimum needed to sufficiently create a cutmark on the bone surface
suitable for analysis. The calculated velocity itself is not necessarily meant to be the
representative velocity inflicted by an average human; as in the context of
hacking/dismemberment, one would attempt to achieve to segment the bone fully. This is not
the aim or extent of damage that is being investigated, this mass is chosen to ensure
consistency and the velocity is calculated to outline this is the minimum amount needed to
successfully inflict trauma achievable by human action on the bone surface of these bone

types and size.
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Figure 2: This is arough base drawing for the velocity model based on the structure
of the inflictoratits6i ni ti al 6 stance i . e. when t he
the base board and its offidgtonlaab lbeensrelemsed.e wh el

The figure above is not to scale and is only to show the theory behind the velocity model. The

Velocity for when the middle of the cleaver inflicted upon a rib bone is calculated to be 2.339

(+/- 0.055) m/sandf or a | ong bone itds -@0b8) ofs.IMohemtdof t o be
inertia is calculated to be = 0.04610599503 g cm”2. The error values for the velocity are based

on the varied heights of the bone typesant Howeve
difference. The Key and the relevant equations for this velocity model can be found in

Appendix Section C.

Lack of funds and restrictions of time made it difficult to construct unique attachments for the
hacksaw and stonetool blades. So, for the hacksaw blade and untouched flake, individual
frames were made with a known weight were attached to the blade securely. Then during their
use they were pushed forward/backwards the same number of times as each other (five times)

without pressure being added from the user, only from the known weight.
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Figure 3 (A-D) - (A-B): Hacksaw and hacksaw attachment with 1kg weight attached
to the blade. (C-D): Untouched flake and flake attachment with 1kg weight attached
to the blade.

The CID and individual tools were cleaned and assembled at the laboratory on the day of

infliction.

3.1.2 - Step 2: Collection of Bones

50 bone specimens were planned to be collected fresh on September 18", 2018 from Soutars
Fine Meats (Butchery Source), 10 bones from 5 individual pigs. Only 40 were able to be

collected initially, the last 10 were collected shortly afterwards.

The 10 bones were 6 Long bones and 4 Ribs: 2 x Femora, 2 x Humeri, 2 x Radii/UIna, 4 x
Ribs.

They were briefly stored at 4 degrees in a refrigerator on the 18", for the infliction to start on
the 19" to ensure cutmarks were inflicted whilst the bones were fresh.

The pigs came from the same herd and the joints and ribs had been acquired at the same

time (except for Pig 5, they were collected shortly after the 18th).
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3.1.3 - Step 3: Sourcing of Moulding Materials

Hydrophilic Vinyl Polysiloxane Impression Materials with the appropriate equipment was
collected ready for the impression moulding of the cutmarks to occur as soon as Phase 2 (See
below) had concluded.

The impression cartridges were loaded into a dental gun dispenser. The mixing tips and oral

tips were appropriately attached to the dental gun dispenser ready to be used.

Figure 4: The dental gun dispenser and Charmflex mould mix.

There was a pilot practice to use the moulding material on the cutmarks after maceration and
drying to determine whether the moulding material would dry sufficiently. The results were as
expected according to Martin Smith (Pers Comm) for a first time try, the user needed to let the
material dry longer and to use more material to avoid bubbles forming in the material and it
sticking to the bone surface.

b
‘£

Figure 5 (A-B) i (A): Cutmark on arib bone after moulding material has been
removed. (B): Mould created from the above mentioned cutmark.
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3.2 - Pre-Deposition Method:

3.2.1 - Phase 1: - Cutmark Infliction

It was decided due to time constraints that the experimenter would only be able to inflict three
lots of each of the three tool marks on each of the fifty bone specimens (450 cutmarks in total).
It was desired to inflict all the cutmarks within the same window of decay, to avoid bias against
infliction spreading across multiple days.

Cutmarks are inflicted in a relative equal distance from each other, one at the proximal
epiphysis, diaphysis, and at the distal epiphysis on each available side of the bone. For the
ribs, two cutmark types had to be inflicted on the same side, however, they were made sure
to be spread apart from each other equally.

Chop marks were created using a cleaver attached to the CID; whereas the hacksaw and

stone tool cutmarks were created using a known weight attached to the blade with 5 strokes

in the same direction repeated by the experimenter (without influence of the experime nt er 6 s
downward force/weight).

3.2.2 - Phase 2: - Maceration

The intention of maceration was decided based on the requirement to accurately photograph
and record the cutmarks with as little alteration to the measurements from the presence of soft
tissue. Manual soft tissue removal proved difficult and time consuming (on the day) without
damaging the bone. Therefore, it was decided that the remaining flesh had to be macerated

carefully.

There was concern of the internal endogenous bacteria present in the bone specimens that
are argued to be influential in the decomposition process. However, the soft tissue being
present was arguably going to create issues in regard to recording. Therefore, the
experimenter had to compromise with a method that allowed for removal of enough soft tissue
to view/record the cutmarks, as well as making sure that the bones r

(like most maceration methods result in).

After a preliminary read of different maceration methods, the one chosen for effective removal
and low risk of sterilisation is macerating the bone specimens in a water bath at 37.5 degrees
for approximately 48 hours. Based on the preliminary reading it is established that warm water
maceration at this temperature encourages natural bacterial growth and therefore allows for
encouraged decomposition of flesh to occur. Two days was deemed a sufficient amount of
time as in the listed studies, the remains they used were mostly fleshed and articulated, it was

logical to base the 48-hour window off this as the remains used here were mostly de-fleshed
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and disarticulated, therefore, it was adapted based on the methods in the literature (Mairs et
al. 2004; loana-Mihaela 2015; Silverman 2018).

The 1% batch procedure was during 24™-26" of September, the 2" batch procedure was during
the 26'-28" of September. During the 2" batch 48-hour period, the 1%t batch of specimens
were processed through Phase 3. Following the 28" of September, the 2" batch of specimens

were processed through Phase 3.

Figure 6 (A-B) i (A): Bone specimens in warm water bath of 37.5 degrees (B): Bone
specimens after they were removed and pat dry in the fume cupboard.

N.B. Phase 2 & 3 were reluctant to occur straight after Phase 1 on the 19" of
September, once the last 10 specimens (i.e. Pig 5) were collected and had marks

inflicted upon them, then Phase 2 & 3 could occur for all 50 specimens.

3.2.3 - Phase 3: Recording the Cutmarks (Scanning and Moulding)

There are two parts of recording in this phase; the first involved the cutmarks being scanned
and photographed using a Keyence VHX5000 digital microscope (DM).

It was decided before the approach that the DM was not viable for accurate 3D modelling of
the cutmarks due to reflectivity issues encountered, hence the approach of moulding the
cutmarks with VPS material and creating the 3D models from that was decided upon (ready
for Phase 5).
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Figure 7 (A-B) i (A): Keyence VHX5000 Digital Microscope used to photograph and
measure the cutmarks. (B): Bone specimens after they were macerated and during
the quick moulding process.
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3.2.4 - Phase 4: Experiment Set-up, Deposition & Sampling:

The figure below (Figure 8) shows the 50 samples are split between the surface and burial
designated areas, the surface area will support the biostratinomic investigation of any potential
taphonomic modifications that might occur prior to burial whereas the burial area will support
the diagenetic investigation of any potential taphonomic modifications that might occur whilst
deposited. There are appropriate territory lines (red and blue grid lines) that separate the
samples by Exhumation Event (i.e. how many months it stays deposited for) and Pig Number
(the indiviudal pig it came from). The lack of planned specimens (originally 6 Pigs of 10
Longbones each), means the distribution i

Event to the other. However, more importantly it was arranged so the same number of bones
removed from the burial plot at an Exhumation Event, would be the same number of bones
from the surface plot at thattime periodi . e. it 6s t he bewsththetavaikalle
resources. The burial trench is measured out to be 180cm x 180cm, with the bones being a
6shal |l ow s pfaghmedmatelg 2icmh They are depositied at an experiment site used
by Bournemouth University at Wytch Farm, Wareham, Dorset on October 11th 2018 (EEO0), to
then be next exhumed at December11th.The soi | sampling here |

distribution across the whole burial plot prior to the deposition of the specimens.

Burial Layout:

EE2 EE2 EES EE8 Key:
- . = Location of Soil Sample for Topsoil
! ! ! » and Burial Depth (BD= Approx 24cm)
Pig 1 !
.. ! . “ x:;&rea not applicable for this
i | 3 i Exhumation Event (EE) or Pig
oea | Py | e || Wote: Figure 8: Basic
E ! , 4 g .
! | ! - Each individual sguare is approximately EXpe“ment Set—up
1 ] | 45 x 60 cm. .
: ! ! - showing the
Pig5.1 ” . “ | “ . Due to adverse weather conditions and . . .
| | | v limited frame of time, the desired dIStrIbUtlon Of the
i i i 5 )
200cm*2 trench wasn't achieved H
< > bone specimens
accurately.
across the surface
and burial plots
Surface Layout: from a plan view
EE2 EE4 EE6 EEB Key: (|00kmg down on
x=Area not applicable for this the pIOtS) P|nk
I Fy . -
! ! Exhumation Event (EE) or Fig
Pig2 | % rectangles are
Snd 1 | MNote: H
i =a Ribs and Blue
= T i Each individual sguare is approximately
v B
— ! » 1 soxsoem. rectangles are
Spd ! ! é
sl - The soil samples for the topsoil should Longbones'
L suffice for a representation of the
. | general environment i.e. the meso,
Fig5.2 “ “ “ : micro and macrofauna and flora for
! v both experiments.
+ >
200em
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Figure 9 (A-D) - (A-B): Basic Experiment Set-up showing the distribution of the 50
bone specimens across the surface and burial plots.

EE2 (Represented by red cross in Figure 8)

Figure 10: An example of the soil sample sampling technique used to collect the soil
from the EE2 interval.

Asshownin t he figure above, for each O6éExhumation Ev
exhumed specimens will brendos samplingetdchnigue iinntlgpset he 6 W
specific areas only. The control sample will be taken from the grid in the same territory line

without the specimen to ensure it& received the same physical changes as the sections with

the specimens (e.g. turning over of soil) and are the red crosses in Figure 8.
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3.3 - Post-deposition Method:

3.3.1 - Phase 5: Environmental & Soil Analysis and Cutmark Measurements & Observations

As established above in the experiment layout diagram, topsoil and burial layer soils were

taken at the time of deposition. These are stored at 4 degrees and will have a battery of tests

conducted t o cre&pel aMadCumwxrePRPtofilebb ( CSMP)
deposition/exhumation. Of which it will include data regarding the following biotic and abiotic
factors:

- pH(lime)

- Porosity (Relative Bulk Density and Particle Density)

- Soil Texture

- Weather Conditions (Temperature, Rainfall, Humidity and Daily Sunshine %)
- Fauna & Flora

- Total Microbial Activity

- Heavy Metal Concentration

- Organic Content

- Microorganism Activity

It was determined that the soil samples had to be processed in an organised manner due to
the different requirements each geochemical method had as well as different number of test
repeats and amounts. So, a flow diagram was created for the benefit of the author to conduct
these tests in a streamlined mode with knowing

sample bags were needed.
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Figure 11: The Flow chart created and followed by the author to ensure the amount of soil to be used

did not exceed the amount collected and so it could be followed by others easily. Texture analysis
box is highlighted red as it only was done once.




Each soil test with raw datacan befoundinAppendi x

Section

F wi t h demostbninefval,tbdlosy is € t8héRmsnariimgr

each test used with the justification and the expected output (as written in each CSMP document). Further details of each method can be found

in Appendix Section H'i Method Guides.

each

Test

Method Summary

Justification & Context

Determining
Organic Content of
the Soil

It involves heating 2g of fine oven dry soil in a muffle furnace overnight at 450
degrees, then reweighing afterwards. In total there were 20 samples, which
consisted of tests and repeats of each off the 5 burial and 5 topsoil samples
taken from site. Then calculating the percentage loss of ignition based on the
different weight values recorded.

This test was done to measure an estimate
of the organic matter content of soils, the
result output is grams of organic carbon per
100 grams of soi l

method for a rough estimation of organic
matter as opposed to the wet oxidation
procedure; which is time consuming, costly
and also has a potential to cause
environmental pollution (Salehi et al. 2011).

Determining
Residual Moisture
Content of the Soill

The fresh soil was weighed out to approximately 15g and left to air dry. After
the weight becomes constandryt wwi gl
using the P T Moisture equation and the weight values the moisture content of
the sample can be calculated.

Moisture content of the soil matrix is
influenced by the physical conditions of the
soil e.g. soil particle size and proportion. It in
turn can facilitate further or less damage by
effecting the preservative ability of the soil
towards the remains and the decomposition
process

Determining

Density and
Porosity of  Sail
(Relative Bulk

Density & Particle
Density)

Porosity is determined through calculating the particle and bulk density of the
soil, the difference between these two represents the volume of air spaces
inside the soil i.e. the porosity.

Bulk density is determined by weighing out soil that occupies a space of exactly
10mL (therefore its units are 10/g mL”"-1); this was repeated 5 times per 10
sample bags for the topsoil and burial layers

Understanding the porosity of the soil is
important as it influences the soils aeration,
water transfer and storage capacity. For
example, low porosity i.e. high bulk density
indicates compaction of the soil either
artificially or naturally. Depending on the soill
texture, the soils permeability can either be
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Particle density is determined by calculating the density of 30g of soil in a
250mL flask of water with the air expelled from it essentially (therefore its units
are g/mL"-1); this was repeated twice per 10 sample bags for the topsoil (5
bags) and burial layers (5 bags).

high or low i.e more waterlogged or greater
at draining; this can influence what
diagenetic effects will occur to the bones
condition (and therefore, the bone trauma).

Test

Method Summary

Justification & Context

Determining  Soil

Texture

Approximately 25g of air-dried fine soil is weighed out and blended with a
dispersing (anti-flocculent) agent (10mL of Sodium Hexametaphosphate) and
100mL of water to prevent the soil particles from binding/clumping together.

't 6s pour e68 pun sieveanwadlhmeasuring cylinder on the floor, the
particles are washed through till the measuring cylinder volume is made up to
1000mL. The sand grains in the sieve are washed into a pre-weighed 250mL
beaker to be dried at 105 degrees for 24-36 hours. After cooled it is reweighed.

The cylinder contains the clay and silt fraction, it needs to be covered and

inverted (10-20 times) to suspend the soil and set down gently. After 5 hours

without disturbance the first 10cm of the cylinder should be siphoned off into a

Buchner flask. 25mL of this suspension will be pipetted into a pre-weighed

100mL beaker and placed in a drying -84
hours at 105 degrees). Then it will be reweighed.

After the percentage of sand and clay are calculated (further calculations for
explanation are found with the method in Appendix A), then the silt fraction can
be calculated from the percentage difference.

The texture of soil is defined by the relative

proportion of sand, silt and clay within it. The

proportion of these fractions to each other

defines within this system which of the 11

classes of soil this is. This is based upon the

6Soil Survey of Engl i
Cl ass Triangl ed sribedr
further in the methods in Appendix A section

H. It links with other physical factors such as

porosity e.g. the proportions of sands and

silts in soils with a lower clay content will

determine  the pore characteristics,

physiochemical properties and therefore the

water movement/regime within it.

Determining  Soil
Acidity (pH Lime
Potential)

Approximately 10g of air-dried fine soil is added to a 50mL beaker (this is
repeated twice for each of the 5 topsoil and burial samples, therefore there will
be 20pH tests to create an average). 25mL of CaCl2 solution is added, stirred
and left for 15 minutes. A calibrated pH meter is be suspended in the
supernatant liquid and the measurement is reported.

pH of a soil has inherently large impact on
various microenvironmental patterns in the
soil matrix. The concentration of hydrogen
ions in solution certainly is affected by the
amount of water retained in the matrix, what
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exchangeable cations are present as well as
different microflora/fauna.

An issue that often is considered when
measuring pH is the fact when water is
added to the air-dried sample, it dilutes the
H+ concentration, therefore, the pH will rise.
When the pH electrode is placed in the soil
suspension it is in more contact with the
layers of solution away from the particles
than it is close too. Therefore, the recorded
pH of soil water suspension is greater than
what it would truly be, this is overcome by
diluting the soil with CaCl2 solution, the H+
concentration is maintained by cation
exchange rather than the fall of H+ ions when
water is added instead. This is considered
the pH Lime Potential, although the H+ ions
are still diluted, the use of this chemicals
allows the solution to maintain an electrolyte
concentration similar to that found in the soil
solution originally.

Test

Method Summary

Justification & Context

Determining Major
and Trace
Elements in
Sediments by Nitric
Acid Digestion and
ICP-OES Analysis

Approximately 0.3g of fine air-dried soil is added to a 50mL centrifuge tube with
HCl and HNOS, after the appropriate heating and cooling period the contents
of the tube should be near dry with an additional amount of HNO3 added. Once
the samples are filtered into 15mL centrifuge tubes, they can be then analysed
by the ICP.

Essentially this method allows one to
investigate the trace metal content of the soil
sample after a series of acid digestion to the
samples. |Itbés a specHt
be used for the determination of a wide range
of major and trace elements in a single, short
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It injects a nebulized mist from the desired sample (and standards) into the
centre of an argon plasma (created from ionizing a flow of gas); when it enters
the plasma, the intense heat dissociates the chemical compounds. The energy
from the argon plasma that is absorbed by the compound atoms, excites them
and follows into ionization energy transition.The ionizing energy transitions
produce spectral emissions that are characteristic of the excited elements,
theyodre br oken down into i ndi vi
spectrophotometer and the software translates those lines into concentrations
of specific set of elements (usually given in ppm or mg/L).

d

integration  period i.e. multielement

determinations.

Test

Method Summary

Justification & Context

Determining Total
Microbial  Activity
using Fluorescein
Diacetate
Hydrolysis

2g of fresh soil in a 50mL conical flask had 15mL of 60 mM potassium
phosphate buffer and 0.2mL of FDA stock solution added to each sample and
itdés repeat i .e. t es nksample froth edcklsag whizh
has the PB added but not the FDA, therefore 69 is taken from each sample
bag.The flashs are incubated at 100 rev min*1 in an Orbital Incubator at 30
degrees for 20 minutes, the reaction is stopped when 15mL of
chloroform/methanol (2:1 v/v) is added to each sample once. The contents are
transferred to a 50mL centrifuge tube and centrifuged at 2000 rev min”-1 for 3
minutes. The supernatant is filtered through a Whatman, No 2 filter paper into
a 30mL polypropylene tube foreachsamp | e and it bés test
of the filtrate to the cuvettes and read the absorbance at 490nm on a UV/Vis
Spectophotometer. Absorbance is then used to calculate concentration based
on the standard calibration curve (quadratic) made on that day.Concentration
values of the samples, blanks and the associated dry matter content values are
used to calcul at e rtehlee adéscegd opfe rF | guroarne

This is a method complimentary to
understanding the total activity of the soail
microbes these being bacterial and fungal
organisms.A range of bacterial and fungal
exozymes and membrane bound enzymes
can hydrolyse the bounds between the
fluorescein and the acetate in the
Fluorescein diacetate compound, FD in its

liquid state is colourless, whereas
fluorescein which 1is
fluorescent compound.The amount of

fluorescein produced after hydrolysis can be
determined by measuring the absorbance of
light by the sample extracts at 490nm in a
spectrophotometer.

Therefore, the greater the fluorescein
concentration, the greater the microbial
activity.
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Test

Method Summary

Justification & Context

Determining Local
Nematode
Abundance and
Population Activity

Collection of Free-living soil nematodes is conducted using a modified
Baermann Funnel technique. The apparatus involves a glass funnel that is
attached to a clamp stand, with 2mm gauze sieve and a layer of cheesecloth
laid on top. Rubber tubing is attached to the bottom of each funnel (only two
funnels could be secured at this stage) and then clamped at the end. Water is
added to the level of the gauze, then a subsample of 100g of fresh soil from
each sample bag is deposited there. Then water is carefully poured on top till
all the soil is covered equally. This is left for 48 hours maximum; within this
period any live moving Nematodes should fall to the bottom through the sieve
to be collected in a 200mL glass beaker. Once the clamp is removed and the
solution is collected,
according to the literature, this should be sufficient to filter out any of the smaller
sediment particles as well as not allow the nematodes to fall through. The
remaining liquid on the sieve is backwashed and made up in 50mL of 70% IMS
solution to preserve the microorganisms. In the end there should be 50mL
samples of each of the three chosen sample bags, of which 0.5mL of each of
the 50mL solutions will be removed, dropped on a slide, and viewed under a
Brunel optical microscope with camera attachment. This is repeated twice per
50mL sample and the number of Nematodes found will be averaged and
multiplied to determine how many Nematodes there are per 100g as well as
determining the feeding guild proportions.

i t 6 smicfon dpértare, ¢

used for commercial
identification of Nematodes were not
available commercially, so non-gridded
slides had to be used. Although there is no
grid, a majority of the Nematodes should not
be mobile, the slide is being viewed up and
across and not backtracked to avoid
counting and photographing the same
Nematode. From this the photos will be
collated and compared to reference photos
of the basic feeding guilds as well as to count
the abundance of each sample back.

Specific  slides

Table 217 Summary of initial planned geochemical soil tests to be conducted at each interval. Note not all methods are present here,

just the planned ones; theinformat i on i n

Appendix Section F

t he
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3.3.2 - Cleaning Process & Post-cleaning Scanning:

The bone specimens were removed from the site and transported carefully to Dorset House
laboratory to record further observations and to prepare the remains further. At this point any

macroarthropods found on the specimens will be removed as well as any dirt on the remains.

Just to make sure any macroarthropods are not missed, the bones are placed in a 2mm large
sieve above a 55 etmcoleq anything rdering svashinge(photographs of

cleaning equipment can be found in Appendix Section G i Miscellaneous).

The cutmarks were scanned and photographed using the VHX5000 Keyence Digital
Mi croscope, a 400egm scale was usea@ameasurententeach of
software was used to measure the length of each cutmark and five width profiles (to create

an average width) as shown below in the example figures.

Figure 12 (A-B) - (A): Pig 1 Specimen 3 Serrated Cutmark 2 (Pre-deposition)
photograph with measurements taken using the Keyence VHX5000 Digital
Microscope. (B): Pig 1 Specimen 3 Serrated Cutmark 2 (Post-deposition) photograph
with measurements taken using the Keyence VHX5000 Digital Microscope.
There are limitations with 2-Dimensional measurements of the cutmarks which includes
keeping the bone specimen at the same position and angle when being photographed. This
of course means there is an expected variation with some of the measurements if the cutmarks
are in a o6difficulté position. There were situ

measure due to the texture of the bone surface shown in the below figures.
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Figure 13 (A-B) - (A): Pig 2 Specimen 4 Serrated Cutmark 3 (Pre-deposition)
photograph with measurements taken using the Keyence VHX5000 Digital
Microscope. (B): Pig 2 Specimen 4 Serrated Cutmark 3 (Post-deposition) photograph
with measurements taken using the Keyence VHX5000 Digital Microscope.
The measurements that are deemed Oappeposioni at ed
and are deemed accurate by the author, are recorded as the cutmark length and average

wi dt h i n wermcompaned t® determine if there is:

1 A notable difference of measurement between the months of depaosition for each type of
cutmark
1 A notable difference of measurement between each cutmark type at each deposition

stage

The photos without the measurements were investigated to note and track any physical
changes to the cutmark structure (from a 2D microscopic view) that may have implications
regarding the identification of:

1 Cutmark Class Type (Incision, Serrated, Stone Tool)

1 Cutmark Tool Type (Cleaver, Hacksaw, Untouched Flake)

The physical changes that were planned to be noted and described individually are the
following:

1 Edge Flaking (EF).

1 Edge Disintegrating (ED).

1 Edge Fading (EF2).

1 Edge Fracturing (EF3).

1 Staining i Green/Brown (GS or BS).

1 Root Growth (Fungal or Plant) (RGF or RGG).

1 Arthropod Activity (AA) i includes damage and presence.

These observable taphonomic changes are described further below in Table X which were

used as a Okeyo6 for determining the microscopic
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Observable Taphonomic

Descriptive criteria

Figure Appendix

Change Reference
Edge Flaking (EF) This is the flaking/flaring of the edge of the cutmark. It can be across either edge fully or | Figure A-B
partially. It can either be denoted as minor flaking that is at the very edge of the cutmark, or it
could be extensive where it has spread further to the surrounding area to encourage cortical
flaking.
Edge Disintegration or degradation of the cutmark edge will look like either a minor or extensive | Figure C-D
Disintegration/Degradation | removal of the edge. The texture itself could look crumbled and without its structural integrity,
(ED) with either most of the cut edge being removed or only partially.
Edge Fading (EF2) Typically, one of the edges of the cutmark will appear to be level with the surrounding surface | Figure E-F
either linearly or only partially. It is the loss of the edge detail and definition.
Edge Fracturing (EF3) Post-mortem fracturing/cracking which either appear from the cutmark edge linearly or | Figure G-H
spreading away from it. Typically, it is localized towards the tip of the cutmark.
Surface Erosion (SE) Surface erosion could either be removal of the cortical layer, a form of pitting or general | Figure I-J
surface destruction. This is specific to the area surrounding the cutmark specifically and might
be identified as cortical flaking, increase in porosity or surface cracking.
Kerf Erosion/Degradation | Areas of the kerf floor are either degraded of damaged. This could either look like a localised | Figure K-L
(KE/D) destruction of wear partially across the floor, or it could cover it wholly. It could be brought
about through interaction with a destructive agent rather than solely wear over time.
Staining i Brown or Green | Staining is divided between colour, whether it is brown (or a close variation such as tan, | Figure M-N

(BS or GS)

yellowed or dark brown) or green (or a variation such as it being a lighter or darker green).
Green staining (GS) denotes the interaction between the bone surface and either a algal or
chlorophyll source. Brown staining (BS) denotes the interaction between the bone surface and
the tannins and/or mineral content from the soil that the specimens were deposited in. The
staining itself could either be spread across the whole surface including the cutmark and the
surrounding area. The depth of colour depends on length of interaction and lack of exposure
that might wash or remove said staining. The proportion of brown to green staining may
indicate the resting orientation/position of the bone whilst the stains are forming.

41




Observable Taphonomic
Change

Descriptive criteria

Figure Appendix
Reference

Root Growth 7 Fungal or
Plant Root (RGF or RGG)

This includes any observation of the presence of roots along the surrounding surface of the
cutmark or within it. This root growth may be either spread across or specific to a section of
the cutmark and will often be found growing within any available cavity in the localised area it
is interacting with. The roots f{R&G)wheredhieywilg
look thicker, larger, opaque, white, yellow or brown; or fungal roots (RGF) which will look thin,
translucent and white. Typically, they will be found in areas of erosion or some level of
degradation.

Figure O-P

Arthropod Activity (AA) Arthropod Activity is specific to the observed presence of arthropods either within the cutmark | Figure Q-R
or the close surrounding surface. They can either be localised to a specific area or be seen
across in the available cavities. Certain arthropods will be found in areas of erosion potentially
with another taphonomic agent such as plant or fungal roots.

Bone Loss (BL) Boneloss coul d be specific to a cutmark t hat]|FigureS-T

become segmented now, or it has been removed by other means.

Table 3: Physical Change Key Observations to be Recorded. The referred to figures can be found in Appendix Section G; these are
observed changes from this study that are used as an example of what the key is referring to.
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In addition to the Microscopic Analysis, the overall macroscopic differences of the bone

surface (excluding the cutmarks) were noted and the frequency of which were determined per

deposition interval and state (surface or burial state); these changes reflect the latter three

above as well as the following:

1 Cortical Flaking

T
T
T
T

It is important to identify and investigate the relationship between the microscopic &

Surface Stripping
Fracturing/Cracking
Surface Porosity Increase

Fungal/Bacterial Damage/Growth

macroscopic damage and the possible ecological interactions between the bone specimen

and the environment. For example, it has been established that within the chemical

environment, primarily soil acidity mainly affects the macroscopic appearance of bone,

however, microorganisms have a major influence on the microscopic appearance (Nord et al.

2005). Hence why it is important to investigate the microscopic and the macroscopic

appearance of the bone simultaneously.

The presence/absence ofthep hy si ¢ al

change

be found in Appendix Section F; an example is shown below:

was

noted in

Specimen 1 —Serrated Marks:

ive Microscopic

M1

EEO

EE2

Comments of
Comparison

BS — Bone surface has turned to a Brown/tan colour
which indicates that it’s absorbed substances from the
soil such as Iron or tannins.

RGF — There does appear to be forms of Fungal Hyphae
roots growing within the cutmark; can be identified due
to their hair-thin, white/translucent web like structure.
ED — On the side of the cutmark where the blade first
has contributed to making the structure of the cutmark
edge weaker; it appears the edge does look crumbled
or ‘disintegrated’ to an extent.

Other — Cartilage layer has been removed at this stage
from the epiphyses here.

M2

BS — Bone surface has turned

to a Brown/tan colour which
indicates that it's absorbed
some of the iron from the soil
as well as other minerals
Other — Soft tissue
surrounding cutmark has been
removed at this stage.

CM3

BS — Bone surface has turned to a Brown/tan colour
which indicates that it’s absorbed some of the iron from

the soil as well as other minerals
Other — Soft tissue surrounding cutmark has been

removed at this stage.

Figure 14: Screenshot of Cutmark Comparison Sheet detailing the noted physical
changes observed to the cutmarks compared to its pre-burial state.

The presence was tallied up and the absence of a physical effect was not noted. Any

cut mar k

di scounted

was not
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BURIAL -CLEAVER

Spec No. |Edge Degl|Edge Flak|Edge Fadi|Edge Frac|Kerf Erosi|Surface Ex|Gree Stai| Brow0 StaRoot GroyRoot GroyInsect Act| Bone Losg Other [0)
P151CL1 0 0 0 0 0 0 1 0 1 0 0
P151CL2
P151CL3
P153CL1
10 |P153CL2
11 P153CL3
12 |P455CIL
13 |PAS5CI2
14 |P455CI3 [N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
15 |P456CIL
16 |P456CI2
17 |P4s6CI3
18 SUM
15 | P157CL1
20 | P157CL2
21 |P157CL3
22 |P458CIL
23 |P4ssCl2
24 |P4S8CI3
25 |SUM

G~ &
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Figure 15: Screenshot of Cutmark Comparison Raw Tally Sheet for each specimen
and noted physical change. 606 Represen
change is present, N/A means the cutmark is discounted due to absence of that
part/area of the bone or it could not be found.

All the SUM values for the long bones and ribs were separated by months and collated

together, shown below:

SURFACE CLEAVER

SUM Edge DegiEdge Flaki| Edge FadilEdge Frac|Kerf Erosi|Surface Er/Gree Staif Brown 5t§ Root GroyRoot GroyInsect Act|Bone Losg Other (O)
LongBones ZM 2 2 o 2 o 2 3 5 2 o 3 2 12
LongBones 4M 3 5 o 2 o 2 7 =] 1 3 3 1 12
LongBones 6M 5 3 o0 3 o0 7 12 2 1 5 2 1 12
Ribs 2Mm o o o 1 o 1 o o o o o 1 =]
Ribs 4Mm o o o 1 o 2 4 o o 1 o 1 =]
Ribs 6M o 2 1 o 1 4 =] 1 2 3 1 o =]

Figure 16: Screenshot of Cutmark Comparison Organised Tally Sheet for each
specimen and noted physical change which has the sums of the raw tallies for the
lona bones and the rib bones.

From this, the 6Percentage Effected (%) 06 was
cutmarks that had shown a physical change by the total sum of cutmarks that could have
shown a physical change. For example, the number of cutmarks available for the longbones
would be 12 and it would be 6 for the rib bones as for each Exhumation Event there are Four
longbones and Two rib bones with Three cutmarks of a singular type each. Note, for every
OM/MB, it r edu cledofdtmaksthat toald have shown a physical change e.g. If

one N/A is present, then the total number is reduced from 12 to 11.
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Surface Cleaver

# Affected Loss off Kerf Er|Surfacd Green {Brown {Root G Root Gilnsect {Bone L{Other
LongBones 2k 125 1] 16.67 25 4167 1667 i] 25 1667 100
LongBones dkd 2083 1] 16.67 ha.a Al 833 2 25 833 100
LongBones Bk 2292 1] 5.3 100 667 833 4167 1667 833 100
Hibs 2k 208 1] 16.67 ] ] 1] ] ] ] 100
Fibs 4hd 417 0f 3333 BREY I 1] 1667 I 16.EY 100
Fibs Bk 125 EE7| FBEER? 100 EE? 3333 =] .7 1] 100

Figure 17: Screenshot of Cutmark Comparison Organised Percentage Sheet for
each specimen and noted physical chad§eanm
for how many of the total cutmarks within that group exhibited a certain physical
change.

These can be viewed in Appendix SectionE under OPhysical Change to C

Observati onbo.

3.3.3 - Phase 6: Exhumation and Removal of Bone Specimens

There is a compromise for the number of bones removed to establish an accurate profile of
what alterations may/may not have occurred during deposition. Three bones per pig per
exhumation event will be removed from the burial and surface experiment areas. Although a
larger number would create a larger statistical base, this has been deemed sufficient, so

enough bones will remain for the desired duration.

After removal of the chosen bone specimens and appropriate soil samples, Phase 5 will be

repeated in regard to relevant cutmark measuring and soil analysis.

3.3.4 - Phase 7: Data aggregation and Statistical Analysis:

Data aggregation will be conducted automatically after soil analyses and cutmark
measurements are completed. Statistical analysis will take place after the desired 8-month
timeline, once all the data is gathered correctly and aggregated sufficiently.

Phases 3,5 & 6 is repeated every 2 months for 8 months in total.

The quantitative analysis involved here will be tracking the physical changes in the cutmarks
and determining if the difference is significant. As well as comparing the environmental
variable results with each other.

The qualitative opinions will be based on the results of the soil analyses i.e. the
microenvironmental patterns will be determined based on these analyses and therefore will
provide reason and justification for what qualitative changes may be observed during each

removal/exhumation event.
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3.3.5 - Addition to Phase 5:

In addition to Phase 5; creating 3D Digital Models were explored during the analysis of the
six-month deposited specimens. Due to logistics and time restraints, this was unable to be
planned prior to the experiment and was arranged during.

Prior to the data collection, a minimum pilot amount of cutmarks was be chosen to be
transported and scanned using the SENSOFAR Confocal Microscope at the University of
Bordeaux. Time was limited over there, therefore, the smallest number of cutmarks were
chosen to be scanned, that is three cutmarks of each cutmark type of each deposition interval

and type were chosen; only 56 were able to be chosen at this time.

Once the bone specimen was mounted correctly, and the settings adjusted accordingly to best
fit bone surface (i.e. correct light and brightness), then a preliminary scan occurred. This was
to focus the microscope to the area of interest; only a portion of the cutmark was chosen, as
their large size in complete dimensions would have hindered the speed of scanning beyond

the limited time window.

Figure 18: This is the result of the preliminary scan and the grid that overlays the
area of interest of the cutmark; the cutmark is Pig 1 Specimen 2 Stonetool Cutmark
1.

This would allow the user to determine which part of the cutmark needed to be scanned; the

green outline indicates which area the microscope is currently focused on.

Once the area was chosen, asrdVareitdtiingrsdoase tutsit reg@l ¢
chosen. In this case Focus Variation was chosen to reduce the amount of time needed to

scan, as opposed to using the O6Confocal Scanni ngd

The settings required an upper and lower boundary for depth to be chosen, this was chosen
based on the focus of the image; the lower boundary required to be set at just beyond a clear
view of the lowest point of the cutmark, the upper boundary required to be set at just beyond
a clear view of the highest point of the cutmark. Therefore, the microscope lens had a height
range to scan in; as focus variation creates a 3D model based on several layers of still

photographs taken at different depths.
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Once this was done, the cutmark could be scanned; the larger the chosen area, the greater
number of 0 F(F@Vs)aeedetl to beisammedd

Figure 19: This is the complete scan shown in the SENSOFar software that can be
saved as a (.plux) file and then opened in another software to visualise and
manipulate the data.

Once the scan had completed, the software gave an example view of what the 3D model looks
like before saving it onto the database. Another software (SENSOMap) was needed to
manipulate and edit the model, to ensure it was presented correctly.

Once the file was uploaded to SENSOMAP, it was edited by filling in the Non-Measured
Points, levelled, removal of artefacts and then converted into the 3D model; which then was

adjusted according to scale to create what is below.

Several views were saved, and the entire process from the initial file to the SENSOMap
software to the editing stage has been saved in a PDF for each cutmark; the 3D Images can

be found in Appendix Section G.
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Figure 20: This is the complete 3D model that was created using the SENSOMap
software, this is just one point of view, each cutmark had three point of views
photographed from the 3D model to showcase the overall structure. The cutmark
itself is Pig 2 Specimen 3 Cleaver Cutmark 2.
The aim of this is to gain a closer look on the bone surface surrounding the cutmark as well
as have a clearer view of the cutmarks edge structure and appearance that the 2D photos
may have not revealed. Therefore, the models will be compared visually to each other to
determine if a certain level of degradation can be seen across the deposition intervals (Two to
Six Months).
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Chapter 41 Experiment Results:

4.1 - Temporal Soil Matrix Profiles - Environmental Variables:

4.1.1 - Soil Texture & Mineralogy:

SandSiltClay Proportions

100

90

79.15

80 75.11

70

60

50

40

* 20.29
20 : 16.83

0 B —

Sand Fraction Percentage (%) Silt Fraction Percentage (%) Clay Fraction Percentage (%)

m Topsoil Average m Burial Average

Figure 21 7 This is the Sand-Silt-Clay Proportions percentage data for the Wytch
Farm Experiment Site.
According to the Soil Survey of England & Wales Soil texture Class Triangle (described further
in Appendix Section H i SOILMANS3). The fractions for topsoil and burial layer fall between
Loamy Sand and Sandy Loam with the majority once averaged being closer to Sandy Loam.
The largest fraction is Sand at 75%-79%, second being Silt (16%-20%) and third being Clay
(4%-4.5%).

49



4.1.2 - Soil Residual Moisture Content:

Moisture Content (%) 08 Months
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Figure 227 This is the Moisture Content (%) data for the total eight-month deposition
experiment at Wytch farm from October 2018 7 June 2019.

This figure above show an exponential increase from the original EEO interval up to the EE4
interval with the controls showing the same trend. The trends here closely follow changes in
the weather whereby, rainfaldl di dnot increase
MET office snowfall data suggests there was a sudden spike in snowfall the weeks prior EE4,
t her ef or élethdtthidceuldmavesbedn the cause of this increase. The moisture levels
by the EEG interval have decreased moderately for both the specimen areas and the controls,
this could be attributed to the increase in temperature and little rainfall that had occurred
between the four and six-month period. Following this is another moderate decrease by the
eight-month interval possibly for the same reasons; regardless of specific values, both the
burial and topsoil samples follow the same trend, which could indicate that this is part of a
regular cycle rather than the impact of the skeletal remains. Statistical analysis revealed that
these changes in moisture across the deposition intervals are significant in nature (P<0.01)
for both the topsoil and burial layer (greater detail on what tests were used and more
information can be found in Appendix Section D). A paired t-test revealed that there is no
significant difference between the topsoil moisture of the main group and the control group,
however, there is a significant difference for the burial main and control group according to the
test. Meaning, there is a potential that the skeletal remains may have had an effect on the
moi sture cont ent glyas theveontrels followi the &asne patierniak the main

group, just with minorly lower values.
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Interestingly, after comparing all the main variables, it appears there are significant
correlations between moisture content and microbial activity for the topsoil (+0.713**), and
between moisture and pH for the topsoil (-0.492*) and burial layers (-0.416*). Further
information of these results can be found in Appendix Section D.

The implications of these correlations will be discussed further in Chapter 5, however it should
be noted now that there are certainly anomalies to be outlined as well as the logical
correlations (according to the literature).

The biggest anomaly is the supposed correlation between Moisture and pH, a logical
correlation is a positive one, with an increase in moisture, means an increase in pH as
increased dilution in the soil reduces the acidity of it. The opposite appears here, the graph

below reveals further information on this.
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Figure 231 This graph visualises the relationship between Moisture Content (%) and
pH(Lime) over the eight-month deposition period for the topsoil layer. The
Correlation Coeffcient here is -0.492 with a significance of 0.012 (P<0.05).
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Figure 2471 This graph visualises the relationship between Moisture Content (%) and
pH(Lime) over the eight-month deposition period for the burial layer. The Correlation
Coeffcient here is -0.416 with a significance of 0.038 (P<0.05).
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Figure 251 This graph visualises the relationship between Moisture Content (%) and
pH (Lime) over the eight-month deposition period for the Topsoil layer (without the
4-month data). The Correlation Coeffcient here is -0.043 with a significance of 0.858
(P>0.05).

The data points from the four-month set for Moisture content are relatively high compared to

therestand t he pH data points arenét as varied as
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four-month data points for Moisture content and pH are removed, then the correlation

distribution completely changes which is reflected in the graph below.
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Figure 267 This graph visualises the relationship between Moisture Content (%) and
pH (Lime) over the eight-month deposition period for the Burial layer (without the 4-
month data). The Correlation Coeffcient here is -0.343 with a significance of 0.139
(P>0.05).
Once this is done, and the non-parametric correlation test is was ran again, the correlation
value changes to a non-significant figure. Meaning for both burial and topsoil layers, there is

no correlation between moisture and pH.
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4.1.3 - Soil Organic Content:

Grams of Organic Carbon per 100g of Soil
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Figure 277 This is the Organic Content (g) data for the total eight-month deposition
experiment at Wytch farm from October 2018 1 June 2019.

The figure above shows little variation for both burial and topsoil specimen areas, the only real
difference between them is that the burial layer has less grams of organic carbon per 100g of
soil. By the eight-month period for both specimenar eas t hey dondét r et
Statistical analysis revealed that these changes in organic content across the deposition
intervals are not significant in nature (P>0.05) for both the topsoil and burial layer (greater

detail on what tests were used and more information can be found in Appendix Section D).

These fluctuations are unlikely to be the result of the skeletal remains. As the controls
compared to the main samples using a paired t-test establishes that there is no significant

difference between the sample groups.

Once most of the variables were collated and compared to determine if they correlated with
each other, it revealed there is a significant correlation between Organic Content and Microbial

Activity for the Topsoil sample group (+0.566%).
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4.1.4 - Porosity (Bulk and Particle Density):

Porosity (%) EEEES8
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Figure 28 (A-B)- (A): This is the Porosity (%) data for the total eight-month deposition
experiment at Wytch farm from October 2018 i June 2019. (B): This is the Relative
Bulk Density (g/mL”-1) data for the total eight-month deposition experiment at
Wytch farm from October 2018 1 June 2019.
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According to the figure above, the relative bu

appeared to have changed drastically as a result of the bone specimens nor overturning upon
first impression. Interestingly, at the two-month interval for both topsoil and burial layers, the
relative bulk density and porosity values are very close to each other, this is most likely the
result of the soil being disturbed and homogenising, therefore, they appear as similar
densities. This is followed by a slow reversal indicating an equilibrium attempting to be reached
over the rest of the periods; most likely as a result of compaction and the soil settling. The
expected pattern is the density of the burial layer will be moderately higher than the topsoil
layer, which is reflected above with the porosity values which are moderately lower for the
burial specimen group than the topsoil group. Statistical analysis revealed that these changes
in Porosity and Relative Bulk Density across the deposition intervals are significant in nature
(P<0.05 For Porosity and P<0.01 for Relative Bulk Density) for both the topsoil and burial layer
(greater detail on what tests were used and more information can be found in Appendix
Section D). The bone specimens most likely did not affect the change in values, these were
influenced by the action of the soil overturning, and the values returning to their originals is
the action of compaction for the burial layer and settling for the topsoil layer (this is discussed
in Chapter 5 further). A paired T-test was conducted and revealed that there is no significant
difference between the control groups for the burial and topsoil layer for porosity and relative
bul k densi tiyk.elSyo,t hiattd st huen I b oae bas soptebutéd towvards the

changes.

Once most of the variables were collated and compared to determine if they correlated with
each other, it revealed there is a significant correlation between Porosity and Relative Bulk
Density for the topsoil (-0.758*) and burial sample group (-0.486*). There is another
anomalous correlation that appears to be between the Relative Bulk Density and Microbial
Activity of the burial layer. There appears to be a strong significant correlation (+0.520**)
between them both, of which is reflected in this graph below.
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Figure 29 7 This graph visualises the relationship between Relative Bulk Density
(g/mL~-1) and Microbial Activity (€ g) o v er -rhonth depashidntperiod for the
Burial layer.

This is not an issue of there being odd spikes within the month data sets, therefore this
correlation appears legitimate. It is an anomaly, as a typical correlation between these factors
(if present) should be a negative correlation, with an increase in microbial activity being the
result of a decrease in bulk density, as there is greater gas diffusion and oxygen content. If
this was the case, then the porosity values would strongly (positively) correlate with the
microbial activity data. The figures below shows that that is the opposite case here, therefore,
in this experiment, these values have got the same distribution, but are not the result of a

direct relationship with each other.
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Figure 30 i This graph visualises the relationship between Porosity (%) and
Mi crobi al A averithe ieighg-mgneh glgposition period for the Burial layer.
The Correlation Coeffcient here is -0.011 with a significance of 0.959 (P>0.05).
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4.1.5 - Soil Acidity (pH):

pH (Lime Potential) EEEES
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Figure 31 i This is the pH (Lime) data for the total eight-month deposition
experiment at Wytch farm from October 201817 June 2019.

As expected, the pH levels have experienced a minor influx, not major nor a permanent
change to the soil matrix. The changes haven 6t exceeded a de063irthese gr e a
pH scale, these changes may be seasonal, or potentially be the result of decomposing

remains; i1ito6ll be explained further in Chapter 5

Despite these appearing to be a minor influx, statistical analysis revealed that these changes
in pH (Lime Potential) across the deposition intervals are significant in nature (P<0.01) for both
the topsoil and burial layer (greater detail on what tests were used and more information can
be found in Appendix Section D). A paired T-test for the topsoil results revealed that there is
no significant difference between the control group and the main group. A Wilcoxon Signed
Rank test for the burial results revealed there is no significant difference between the control
group and the main group.

Interestingly there is a relatively strong correlation between pH and Porosity of the topsoil layer
(+0.501*) that is significant. This essentially means, when the porosity has been increasing,
so has the pH, and vice versa with decreases. It could be the result of the amount of water
flowing within the pore spaces and thus affecting the acidity of the soil through dilution (this is
discussed in further detail in the Extended Analysis in Appendix Section A. It was also found
that pH correlated strongly with moisture (negatively) for both topsoil and burial layers. These

were seen as anomalies in the dataset, which has been explained above.
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4.1.6 - Major and Trace Elements in Soil Sediments:

Topsoil Total Trace Metal Content (Mg/L) HHSB
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Figure 32 (A-B) T (A): Thisis the Topsoil Trace Metal Content (Mg/L) data for the total

eight-month deposition experiment at Wytch farm from October 2018 i June 2019.

(B): This is the Burial Trace Metal Content (Mg/L) data for the total eight-month

deposition experiment at Wytch farm from October 2018 i June 2019.

The above figures show an i ntgpgeaawiifnigc dacnmsmtda la momi

the deposition intervals. This being an increase in calcium, phosphorus and aluminium, and a

60



fluctuating decrease in iron and sulphur. The increase in calcium and phosphorus and

decrease in iron are of interest mostly based on their relationship between skeletal remains

andthe soi | matri x. I t 6s wr i amounts withimthetsoilanatrixlteaan ge i n
indicate whether the bones specifically are leaching out these elements into the soil as a

product of decomposition.

Statistical analysis revealed that these changes in Metal lon Content in the specimen area
across the deposition intervals are significant in nature (P<0.01) for both the topsoil and burial
layer (greater detail on what tests were used and more information can be found in Appendix
Section D).

Unlike other variables, these changes are most likely the result of the direct interaction
between the soil matrix and the bone specimens due to their larger difference in values and
the nature of the investigated ions. The controls appear to follow the same distribution and
have similar values to the main group, this could be based on the proximity of the control area
to the bone specimens. This was rectified for the six- and eight-month data sets as soil
samples were collected from a further distance (1.5m) of where the bones were buried (with
permission from another researchers plot), with soil being taken at similar depths (for topsoil
and burial) on the same collection day for April and June.

It was found that there was no significant difference between the control group and the main
group for the metal ion results, however, the new controls especially for Calcium and
Phosphorus brings it into question. |1tdéds not app
as the zero, two and four-months would be from the same plot, and the six and eight months
are from a nearby plot. However, basic comparison shows that the eight-month results for

Calcium and Phosphorus are undeniably different in amount supporting the above hypothesis.
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Sample Al Al Ca Fe Fe P P S S
237.312 | 396.152 | 315.887 | 238.204 | 239.563 | 213.618 | 214.914 | 180.669 | 181.972
Topsoil 53.93615 | 53.8866 | 15.67882 | 87.18165 | 87.3845 | 8.85867 | 8.87799 | 6.504039 | 5.949196
Average
6
Topsoil
Control
6*2 47.4319 48.07215 | 11.11385 | 81.62945 | 81.0589 8.082385 | 8.07107 6.07806 5.7318
Topsoil 55.84893 | 55.42782 | 35.636 78.15623 | 78.92683 | 12.03853 | 12.19551 | 6.060256 | 5.035648
Average
8
Topsoil
Control
8*2 54.32625 | 55.3809 | 8.429245 | 77.54925 | 77.3752 | 8.825895 | 8.801385 | 4.92367 | 4.58515
Sample Al Al Ca Fe Fe P P S S
237.312 | 396.152 | 315.887 | 238.204 | 239.563 | 213.618 | 214.914 | 180.669 | 181.972
Burial
Average 53.92021 | 53.90456 | 15.09908 | 79.45742 | 80.07596 | 8.532889 | 8.583674 | 5.8829 5.325395
6
Burial
Control
6*2 54.83615 | 55.7212 13.42145 | 74.63455 | 74.0708 8.61991 8.6022 4.488022 | 4.31808
Burial
Average | 59.25947 | 59.30438 | 31.06283 | 78.28939 | 78.9062 11.67504 | 11.83365 | 5.210301 | 4.331315
8
Burial
Control 60.76655 | 62.8541 16.4929 101.6297 | 100.5213 | 7.691585 | 7.75151 4.41342 3.9455
8*2
Table47 Thi s i the Topsoil Trace Met al Con-
eight-month controls.
Table 571 This is the Burial Trace Metal Content (Mg/L) dataf or t he ne

eight-month controls.
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The data in the table above establishes that the new controls for eight months differ especially
for the key variables that are investigated for leaching from skeletal remains. The six-month
results are an anomaly among the rest of the data, as they suddenly revert back to close to
the original values from October (EEOQ); which is odd as its unlikely that there is a sudden
change in ions against the trend, which then reverts again by eight-months. However, what is
key is by the end of the experiment, when comparing the new controls to the main results, it
shows that the changes to the ion content is happening in the area where the bone specimens
have been deposited. The key difference here is the comparison of Calcium and Phosphorus
specifically, these are the elements likely to be leached from the skeletal remains into the soil;
the new controls may contribute to the hypothesis that these ion changes in the ground at due
to the presence of the bone specimens, and that the original controls are too close to the
specimen area. The hypotheses of why these changes in accordance with the controls is

explained further in Chapter 5.

During the experimental investigation, there was a plethora of micro-mollusks and
macroarthropods that were found (Arachnids, Isopods, Coleopterans etc) within the porous

areas of the bone specimens, withi n t he roots and on the surface
hypothesised that their purpose on the specimens may not have been an obligate
dependency, rather itds a dependency on darhe stri
inside of a branch) as well as a good source of nutrients. Further information regarding their

identification is below can be found in Appendix Section A.

Al t hough, a majority of the organisms hatuend on t
it was hypothesised that they were consuming the decomposing vegetation and fungi that was
growing on the bone specimens (photographic evidence can be seen in Section 4.2 below).
To argue against the null hypothesis that the organisms were only just being active there and
were picked up by chance. It was considered that the roots growing on the bone specimens
(plant root and mycorrhizal fungal hyphae roots growing) were more nutritious than the

surrounding vegetation due to their direct attachment to the bone.
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Samples Al 237.312 Al 396.152 Ca 315.887 Fe 238.204 Fe 239.563 P 213.618 P 214.914 S 180.669 S 181.972
Burial Root | 8.21487 8.27227 31.5384 13.9615 13.7693 13.5985 13.6248 5.82862 490253
Sample 1.1

Burial Root | 8.48661 8.50384 34.0468 12.0882 11.9882 13.6395 13.6289 6.34263 5.3155
Sample 1.2

Average 8.35074 8.388055 32.7926 13.02485 12.87875 13.619 13.62685 6.085625 5.109015
Burial Root | 8.81902 8.81651 25.8603 9.91689 9.83624 5.2564 5.29643 3.73183 3.02295
Control 1.1

Burial Root | 9.62326 9.61913 23.6292 10.4547 10.4345 7.84379 7.97331 3.77691 3.09339
Control 1.2

Average 9.22114 9.21782 24.74475 10.1858 10.13537 6.550095 6.63487 3.75437 3.05817
Surface Root | 8.22341 8.20933 51.4253 6.87731 6.84611 12.4617 12.5465 6.42987 5.05856
Sample 1.1

Surface Root | 3.31701 3.29658 49.9264 4.55864 4.5433 14.2351 14.5206 5.84789 4.54699
Sample 1.2

Average 5.77021 5.752955 50.67585 5.717975 5.694705 13.3484 13.53355 6.13888 4.802775
Surface Root | 6.54512 6.53578 28.8434 8.13896 8.18073 5.08963 5.16779 3.96269 3.19622

Control 1.1
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Samples Al 237.312 Al 396.152 Ca 315.887 Fe 238.204 Fe 239.563 P 213.618 P 214.914 S 180.669 S 181.972
Surface Root | 7.43861 7.43436 26.0121 9.26169 9.28426 9.17175 9.2752 3.81535 3.10236
Control 1.2

Average 6.991865 6.98507 27.42775 8.700325 8.732495 7.13069 7.221495 3.88902 3.14929

Table 6 1 This is the Trace Metal Content (Mg/L) data for the digested roots found on the surface and buried bones from the six-month

deposition group.

The data in the table above are the trace metal ion results from the digested roots collected from the six-month surface burial bone specimens, as
well as the surface and burial layers for controls. A further investigation is needed into this phenomenon with a greater sample size, different bone
types, different deposition intervals etc. However, this appears to support the initial hypothesis, as in both the burial and surface root samples they
have higher amounts of Calcium and Phosphorus specifically, compared to their controls. This is logical as the roots would be absorbing these
nutrients specifically from the bone specimens, and therefore, theoretically will make them a better source to consume for the macroarthropods. The

importance of this is discussed further in Chapter 5.
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4.1.7 - Total Microbial Activity of Soil:
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Figure 33 7 This is the Tot a | Mi crobi al tAforthevtatdl gight-nsogth

deposition experiment at Wytch farm from October 2018 i June 2019.
The microbial fluorescein diacetate assays reflect the total microbial (bacterial and fungal)
activity in the soil matrix efficiently and is useful as an indicator of the changes to their
population in the environment. The data in the figure above for the topsoil sample group
reflects a more logical distribution for changes across the year, however, the burial sample
group is sporadic i n endaherelis raost likely @ the ipfloeace of the
buried bone specimens as well as the increased release of nutrients and increased amount of
bacteriophagic and fungivore microorganisms (Nematodes) (shown below). Statistical
analysis revealed that these changes in Microbial Activity across the deposition intervals are
significant in nature (P<0.05 for Topsoil and P<0.01 for Burial) for both the topsoil and burial
layer (greater detail on what tests were used and more information can be found in Appendix
Section D). A paired T-test revealed that there is no significant difference between the control
groups and the main group for burial and topsoil layers. However, the new controls for the six-
month and eight-month deposition interval brings this into question and is further discussed in

the discussion.
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It was found that there are significant correlations between microbial activity and organic
content and moisture for the topsoil. As well as a significant but anomalous correlation
between microbial activity and relative bulk density. The correlations found for the topsoll
explain the significant changes across the depc
increasing amount of organic content and moisture can influence microbial activity (this is

discussed further in Chapter 5).
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4.1.8 - Microorganism and Macroarthropod Presence in Soil:

Observed Results: Avg No. of Nematodes found per Slide
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Expected Results: Avg No. of Nematodes found per 100g of
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Figure 34 (A-B) i (A): This is the Observed Average Number of Nematodes (Per
0.2mL) data for the total eight-month deposition experiment at Wytch farm from
October 20187 June 2019. (B): This is the Expected Average Number of Nematodes
(Per 100g) data for the total eight-month deposition experiment at Wytch farm from
October 20181 June 2019.

Despite the associated complications with the quantification method of the Nematodes, the
table above shows a clear trend regarding the specimen areas and the control values. This
being an increase in their abundance in the proximity of the specimen and a change in the
feeding guild proportions. A possible relationship between the increase in nutrients in the soil
from the bone specimens, variable microbial populations and these Nematodes is present and

is discussed in Chapter 5.

68



Statistical Analysis was not conducted on these results, due to the fact that the method of
guantification is considered questionable and there were problems that were encountered
when running such a small sample size through the SPSS software. Despite this, there is a
clear trend that can be seen here which there is a large increase in abundance in the specimen
areas with little variation in the control groups for both the observed and expected results.

4.1.9 - Climate Zone and Weather Conditions:

According to the MET-Office the United Kingdom is known to have a Temperate Climate,
specifically a O6Maritime Climated where t
possibilities of hot summer days and cold winter nights (MetOffice 2012). Temperate climates
are classified with an average monthly temperature above 10 degrees in their warmest months
and above -3 degrees in their colder months (Spaargaren and Deckers 2005; Pratolongo et
al. 2019). The METOffice temperature data for the Hurn station representing the Experiment

Site weat her conditions reflects this classifi

considered to be a temperate climate. Although, the weather station is based at Hurn and not
in Wareham where the experiment site is, the average temperatures for the bi-monthly periods
are very close (Climate-Data 2019). Skeletal remains deposited in a temperate climate with
four seasons of varying weather poses an interesting debate on whether it is a particularly
destructive environment or not compared to an arid desert or a snowy terrestrial forest. It is
difficult to suggest which is the more destructive environment towards skeletal remains, as
there are certain microenvironmental factors that may be more influential (stated in Chapter
3). (Further information on the weather conditions of the experiment site are in Appendix

Section A7 Extended Analysis).
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4.2 - Macroscopic Changes:

4.2.1 - Qualitative Changes Two Months:

Figure 35 (A-B): shows the experiment site at the two-month interval.
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Figure 36 (A-D): Shows femora from the two-month specimen at the lab and in situ,
and what the soil looked like underneath a buried bone and a surface one.

The above figures show that there had been slight grass growth for the surface specimen area
and the turf for the burial specimen area had settled without the grass perishing. The surface
specimens were still visible and had shown interesting interactions as a result of being in
contact with the ryegrass. There is minor green staining most likely from algal growth or could
be chlorophyll staining. The surface specimens have perished the grass it lies upon showing
signs of arthropod activity in the contacting soil in the form of eggs. During the removal of the
buried specimens, it was noted in the areas the soil was in contact with the bone specimen,
there was some form of fungal growth left in the soil.
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Figure 37 (A-B): Bone specimens from the two-month surface deposition area
showing evidence of arthropod activity.
Among the earlier specimens there were several macroarthropods collected from the surface
specimens and few from the burial specimens. Those found on the bones and in the bags,
were contained in during transfer were collected and stored in sterilin tubes with 70% IMS.
There is the potential that there is some surface modification from the arthropod activity that
has been seen in Huchet (2014).

Figure 38 (A-B): Bone specimens from the two-month burial deposition area
showing small amounts of cartilage and soft tissue present in small areas.

The majority of the cartilage and soft tissue has decomposed fully by this two-month interval
there are a few specimens however where it was still present (figure 38 (A-B). This was
promptly removed after photographing them to ensure there would not be further potential
microbial activity.
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Based on the above f i gur e setextireoh soméafthe speoimemdt e t ha

Figure 39 (A-E): Bone specimens from the two-month burial deposition area. Some
are showing they have retained grease still as well as attached epiphyses.

can be mistaken for modification via weathering, however, as established in Chapter 5, these
cavities are present as part of juvenile remains as a sign of active growth. They do not appear
to have been affected much or show signs of soil erosion or consumption by arthropod activity.
However, those cavities that are exposed will facilitate damage further by allowing the
introduction of acidic soil water, abrasive grains, macroarthropods, roots and more; thus, it
has certain implications for the four-month deposits. However, the implications of what has
occurred at this stage as well as the difference between this one and the next intervals, is
discussed in Chapter 5). Overall, for the two-month specimens, aside from minor organic
staining, majority removal of soft tissue & cartilage, arthropod activity, and minor surface
stripping. There are little macroscopic changes that have occurred and that are deemed
notable for this stage.
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4.2.2 - Qualitative Changes Four Months:

Figure 40 (A-E): Bone specimens from the four-month surface deposition area; (E):

Pig 3 Specimen 5.
The above figures show that upon arrival at the site, the surface specimens have shown signs
of root activity between the grass and the soil side of the specimens. Where the surface flora
has perished underneath the specimens, roots from the surface have taken hold of the
specimens facing down. It was later noted during the cleaning process that several of the
specimens had shown this root growth. Fungal hyphae root growth was seen on several of
the specimens, especially between the areas of the epiphyseal joints.
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Figure 41 (A-F): Pig 3 Specimen 4 from the four-month surface deposition area.

It appears the surrounding grass grew around the specimens covering them to an extent,
organic algal staining appeared on several of the specimens; interestingly arthropod activity

was prolific still on the surface specimens; they were especially found in the available cavities.
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Figure 42 (A-B) 1 (A): Pig 3 Specimen 7 from the four-month surface deposition area.
(B): Pig 2 Specimen 6 from the four-month surface deposition area.
Figure 42 (A-B) shows how on a number of the surface specimens it was noted before
drying the specimens, surface flaking/stripping was appearing on a number of them. This
and the surface differences between the soil side and grass of the specimens are visualised
better on a majority of specimens after the roots, arthropods, and dirt was removed, and

after a careful drying process.

Figure 43 (A-D): Bone Specimens from the four-month burial deposition area; (D) i
Pig 1 Specimen 2.

As depicted by the above figures, the soil was much wetter and viscous than the previous
burial visit, upon a first glance of the burial specimens, not much had been different compared
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to the two-month interval. However, once the specimens were being removed, there was a
notable increase of fungal growth closer to the ends of the epiphyses. This was only seen on
approximately half the specimens.

Figure 44 (A-B): Pig 1 Specimen 4 from the four-month burial deposition area

As shown above, plant root activity as well as fungal hyphae root activity was found on a few
of the soil specimens, however, it was difficult to record carefully during the exhumation

process. As well as fungal hyphae route growth was found on.

Figure 45 (A-B): Pig 1 Specimen 2 from the four-month burial deposition area

There were collections of small black mite-like arthropods were found on two of the specimens,

much like a couple of specimens from the two-month specimens (Figure 45 (A-B).
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