15th December 2016

Niamh McCULLAGH

Appendix VIII: Radiocarbon Dating Report

Radiocarbon Dating Report to the Mother and Baby
Homes Commission of Investigation

Author: Professor Gordon T Cook

Date: 3rd November 2016

1

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

Appendix IX: Environmental Sampling Report

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

15th December 2016

Niamh McCULLAGH

Contents
List of Tables ................................................................................................................................... 3

1. Introduction ........................................................................................................................................................ 6
1.2 Aims and Objectives of the Excavation ........................................................................... 6
1.3 Test Excavation........................................................................................................................... 7
1.4 Forensic Archaeology .............................................................................................................. 7
1.5 Methodology for Phase IIA .................................................................................................... 8

2. Results of Excavation ................................................................................................................................... 10
2.1 Structural Evidence ............................................................................................................... 10
2.2 Nineteenth Century Cesspit .......................................................................................... 10
2. 3 Feature 1 ............................................................................................................................... 10
2. 4 Discussion ............................................................................................................................ 13

3. Human Remains Evidence ........................................................................................................................ 14
3.1 Human Remains Evidence and Analysis...................................................................... 14
3. 2 Methodology ....................................................................................................................... 14
3. 3 Human Skeletal Remains .............................................................................................. 15
3. 4 Discussion ............................................................................................................................ 31

4. Artefactual Evidence .................................................................................................................................... 35
5. Environmental Sampling results............................................................................................................ 37
5.1 Examination ......................................................................................................................... 37
5. 2 Summary of Findings ...................................................................................................... 37

6. Conclusion......................................................................................................................................................... 39
6.1. Condition of Site Post Excavation .................................................................................. 39
6.2 Conclusion .................................................................................................................................. 39

7. Qualifications and Experience of Contributors ............................................................................... 41
8. Appendices ....................................................................................................................................................... 43
Appendix I: Warrant issued....................................................................................................... 43
Appendix II: Technical Note ...................................................................................................... 44
Appendix III: Plates ....................................................................................................................... 45

Appendix IV: Figures ................................................................................................................. 115
Appendix V: Context Register ................................................................................................ 119
Appendix VI: Osteological Appendices ............................................................................. 125
Appendix VII: Environmental Sampling Report ........................................................... 129

Appendix VIII: References....................................................................................................... 234
Page 2 of 234

List of Tables
Table 3.1: Identified human skeletal remains within tank C.52/53 ........................... 16
Table 3.2: Identified human skeletal remains within tank C.54/55 ........................... 17
Table 3.3: Identified human skeletal remains within tank C.56/57 ........................... 18
Table 3.4: Identified human skeletal remains within tank C.58/59 ........................... 19
Table 3.5: Identified human skeletal remains within tank C.60/61 ........................... 20
Table 3.6: Identified human skeletal remains within tank C.64/65 ........................... 21
Table 3.7: Identified human skeletal remains within tank C.84/85 ........................... 22
Table 3.8: Identified human skeletal remains within tank C.88/89 ........................... 23
Table 3.9: Identified human skeletal remains within tank C.90/91 ........................... 25
Table 3.10: Identified human skeletal remains within tank C.92/93 ........................ 26
Table 3.11: Identified human skeletal remains within tank C.94/95 ........................ 28
Table 3.12: Identified human skeletal remains within tank C.96/97 ........................ 29
Table 3.13: Identified human skeletal remains within tank C.98/99 ........................ 30
Table 3.14: Identified human skeletal remains within tank C.100/101 ................... 31

Page 3 of 234

EXECUTIVE SUMMARY


This excavation was completed to forensic standards and within the
parameters requested by the Mother and Baby Home Commission of
Investigation.



This investigation (Phase IIA) was an extension of Phase II and was designed
to expose the extent of Feature 1, the chambered tank structure identified in
2016.



A further 16 chambered tanks were exposed bringing the total to 20
individual chambered tanks along the extent of Feature 1.



The base of Feature 1 is approximately 2.70m below the present ground
surface, was not accessible and thus, was not forensically examined as part of
this phase of works.



The structural nature of Feature 1 limited investigations to visual observation
and soil sampling.



Each chamber has an opening at the top. Eight chambers have clearly defined
openings at the base, with more indistinct breaches at the base in others.



It is highly likely that this structure was originally constructed for the
treatment of sewage waste.



Juvenile human remains, in significant quantities, were observed in 18 of the
total 20 chambers.



Juvenile human remains observed were in an excellent state of preservation.



Evidence exists that supports potential articulation of these remains at the
time of interment.
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Osteological observations support the age range representing of individuals
being infant, less than 1 year of age, and young juvenile, from 1-6 years of
age.



Archaeotanathology indicates there have been significant fluctuations of the
water-table within the individual chambers.



Soils analysis indicates the presence of the biomarkers of human sewage and
human decomposition products within the chambered tanks, however the
timing of when these activities occurred cannot be ascertained.



A decision on the future of the site needs to be made as soon as possible to
prevent potential damage to the remains that lie there. There is a risk of
disruption to preservation of context, articulation evidence and the
preservation of DNA. While this threat is not necessarily immediate it does
exist.



It is not appropriate to leave juvenile human remains in this specific context.
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1. Introduction
This report presents the results in full of an extension of site investigation work
carried out at the site of the reported ‘Children’s Burial Ground’ at the Dublin Road
Housing Estate, Tuam, Co. Galway in November 2016. This further excavation was
undertaken on behalf of the Mother and Baby Home Commission of Investigation,
herein MBHCOI, with the cooperation of An Garda Síochána, and represents Phase
IIA of site investigations.
A significant sub surface feature, Feature 1, was identified in Phase II. This required
further investigation on behalf of the MBHCOI in order to establish its full extent and
if further human remains are present. Niamh McCullagh, Forensic Archaeologist,
directed all works on-site for the duration of Phase IIA.
This report presents the methodology, the results in full, including human remains,
artefacts recovered, and soils analysis. Finally the condition of the site post
excavation is described. The scale and significance of findings in Phase IIA further
highlights the requirement that careful and swift consideration is undertaken to
decide upon the future of human remains at the site.

1.2 Aims and Objectives of the Excavation
This excavation took place at the request of the MBHCOI, under the Commissions of
Investigation Act 2004, Sections 8, 26 and 28. This additional excavation was
undertaken under the same warrant that had been issued on the 1st of September
2016 by Judge Yvonne Murphy, in accordance with Section 26 of the Commission of
Investigations Act 2004. This warrant authorised Niamh McCullagh to exercise the
powers given under Section 28 of the Act in relation to premises known as the
Children’s Burial Ground located in the Dublin Road Housing Estate, Tuam, Co.
Galway, see Appendix I.
On the 13th of December 2016 the MBHCOI requested specifically that the structure
identified as Feature 1 in Phase II be exposed completely and investigated further.
This phase was designed to be an non-intrusive investigation, with observations to
be made on the contents of each chamber and a contemporaneous
photogrammetric record be made. No human remains were to be recovered during
this phase. An additional request was made for soil sampling to be undertaken whilst
on site to inform the MBHCOI regarding the potential the chambers had been used
for the storage of sewage. No other areas of the site were disturbed during the
course of this work.
The matters requiring investigation for Phase IIA were:
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i.
ii.
iii.

To establish the extent of the previously identified feature, Feature 1,
found in Phase II.
To establish if there were further human remains at this location.
To conduct a comprehensive soil sampling exercise in order to detect if
Feature 1 had been used to store human sewage.

A controlled forensic excavation, focused on Feature 1, took place from the 30th of
January to the 10th of February 2017. Additional analysis was conducted postexcavation amounting to a further three months in duration to bring the project to
the production of report.

1.3 Test Excavation
As the MBHCOI could not justify a full excavation at this point, the investigative
strategy that was utilised for Phase IIA is what is termed a ‘test excavation’
approach. This method uses focused trenches rather than open area excavation and
is designed to have minimum impact on the site while allowing relevant evidence to
be recovered. The three concerns of the Commission were to be addressed by
conducting this test trench method of excavation over the structure Feature 1. This
ensured that the remainder of the site was undisturbed and available for future
investigations.

1.4 Forensic Archaeology
The site investigation required a full forensic control to be in place and to direct
works on site; this is due to the modern nature of the site and the modern context of
expected results. Niamh McCullagh, as a suitably qualified and experienced Forensic
Archaeologist, was appointed this task.
The timeframe under consideration was from 1925-1961, the duration of the
operation of the Mother and Baby Home associated with this site. The modern
nature of the site gave rise to the potential for it to become regarded as a crime
scene. All evidence collected is required to be of a standard submissible in a criminal
court of law, that is, to the evidential standard that is required by forensic cases.
In traditional archaeology the emphasis is generally on a cultural interpretation of
the past, as opposed to specific, individual events. Standards of evidence and
interpretation are not subjected to the scrupulous standards required by a court of
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law. While methods used are similar the interpretations are not, neither are the
forms of evidence gathered.
In adherence with best practice, manual archaeological excavation conformed to the
Museum of London Archaeological Standards (MoLAS) and the codes of practice of
the Institute of Archaeologists of Ireland (IAI). This meant documentation through
single context archaeological recording, by written descriptions, scaled photographs,
and surveyed drawings. The written descriptions of soils, scaled photography, and
scaled section and plan drawings (at 1:10 and 1:20), were archived by register onsite – a practice referred to as preservation by record. In this case, for management
of space, the void that was created by the construction of each chamber was also
given a context number. The contents of each chamber were further recorded
through the use of rendered photogrammetry. A detailed record of the
archaeological site work undertaken has been retained and the site archive is
available on request.
Forensic archaeological standards were maintained in accordance with the
‘Standards and Guidance for Forensic Archaeologists’ (Powers and Sibun, 2011),
prepared for the Chartered Institute for Archaeologists, UK, and the Handbook of
Forensic Anthropology and Archaeology (World Archaeological Congress Research,
2011), Blau, S. & Ubelaker, D. (eds). Please see technical note in Appendix II for
further details.

1.5 Methodology for Phase IIA
The investigative strategy utilised for this investigation was similar to the ‘Test
Excavation’ approach, which has the minimum impact on the site while allowing
relevant evidence to be recovered. This protects the integrity of the human remains
and the deposition site.
The excavation design consisted of placing a single trench directly over the area of
interest. The location and size of this single trench was informed by the results of the
desktop review, the geophysical survey conducted (Utsi, 2015), the initial test
excavation (McCullagh, 2016), and as requested by the Mother and Baby Home
Commission of Investigation. This excavation had a high potential to reveal further
human skeletal remains, hence all work ensured that any such remains were treated
with the utmost dignity and respect while maintaining forensic protocol.
The excavation methodology for Phase IIA was conducted as per the proposal for
Phase II dated 10th August 2016. Forensic control was maintained throughout the
site investigation. All mechanical works were monitored by archaeological personnel
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and all manual excavation was undertaken by qualified archaeological personnel.
The site investigation was implemented in the following stages:
1. The location of the chambered structure was identified on the surface
of the site.
2. Topsoil and gravel, the overburden, was removed using a track
machine fitted with a grading bucket (3 Tonne) under archaeological
supervision. This was carried out in two stages; initially the Western
extent of Feature 1 was exposed followed by the Eastern extent of the
chambered structure.
3. Once overburden was removed, manual excavation by archaeologists
exposed the fractured lids or coverings over each of the chambers
identified and an appropriate record was made prior to the next
stage.
4. Each of these lids was then removed and the internal structure and
contents were assessed and appropriately recorded.
5. A temporary timber covering was placed over each opening for the
duration of works on site.
6. The extent of the opened trench was covered by commercial
marquee for the duration of works.
Any human remains uncovered on site whilst being of evidential value, were treated
with dignity and respect. As the extent of Feature 1 was uncovered, each chamber
was covered as work progressed (unless that chamber was being recorded at that
the time). Once excavation was underway the trench was protected by a commercial
marquee that acted as a scene tent to shelter sensitive evidence, to prevent
overlooking, and keep the open trenches safe, Appendix III Plate 1.1.
A number of additional measures were put in place to protect the integrity of the
site and in respect of the sensitivity of such a project. The site was surrounded by
plywood hoarding to inhibit line-of-sight and to offer security to the location and to
staff for the duration of works. Security of the site was also maintained throughout
the excavation by the 24/7 presence of An Garda Síochána.
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2. Results of Excavation
2.1 Structural Evidence

Aidan HARTE and Niamh McCULLAGH
Feature 1 (C.5 etc.) can be clearly seen depicted in the geophysical results, see
Appendix IV Figure 2.1 FIGURE. The layout drawing illustrates the archaeological
features as uncovered during excavation. Overlain are the interpreted extensions of
those masonry features, as identified from the geophysical survey. The latter has
been re-worked to reflect the actualities of the archaeological remains.
2.2 Nineteenth Century Cesspit
These results alter the extrapolated measurements of the overall cesspit as
calculated in Phase II. Consequently, the cesspit likely measures 11.16m x 8.02m
internally. Note that the northeastern corner is not clear in the geophysical survey.
This may be the result of infill of the cesspit originating from this location but may
also highlight further masonry features in this direction. The internal rectangular
feature within the cesspit at north (i.e. Feature 2) does not form a clear anomaly in
the magnetometry/gradiometry survey results (Utsi, 2015). It is therefore possible
that further divisions of the original cesspit exist but cannot be coherently mapped
from the geophysical survey alone.
2. 3 Feature 1
The focus of this investigation was on Feature 1, see Appendix IV Figure 2.2 for site
matrix. Feature 1 may generally be described as a later addition within the 19th
Century workhouse cesspit that had been located during Phase II. It consists of stone
walls, shuttered with concrete, utilising the southern end of the earlier cesspit. The
stone and mortar constructed southern wall of the cesspit and southernmost 1.6m
of both the East and West walls of the cesspit, form boundaries of Feature 1. This is
clearly visible internally to C. 50/52 and C.104/105 and in places along the length of
the southern wall where the concrete shuttering has not been placed on the preexisting wall e.g. C. 71, C.75, C.73, indicating the time frame and sequence of
construction that occurred here.
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2. 3. 1 Openings
Within the separate tanks that form Feature 1, a number of observations can be
made. Without exception, all tanks have access through an opening at the top of the
tank, C. 5. There are 21 openings that correspond to 20 internal chambers; C.50,
C.52, C.54, C.56, C.58, C.60, C.62, C.64, C.82, C.84, C.86, C.88, C.90, C.92, C.94, C.96,
C.98, C.100, C.102 and C.104, see Appendix III Plates 2.1 & 2.2. The size of the
openings at the top of each tank is essentially identical; each opening averages
0.84m in length (minimum 0.82m and maximum 0.85m), and averages 0.29m in
width uniformly. This further supports the view that timber formwork was used in
the construction of the concrete cap closing the tank; see Appendix IV Figure 2.3 &
2.4 and Appendix III Plates 2.3.
2. 3. 2 Lids/Covers
A lid had covered each of the 21 openings. Lids believed to be the original lids are of
similar construction and material as the concrete capping, Appendix III Plates 2.4.
These were pre-cast concrete, approximately 6cm in thickness. A number of these
had been broken and replaced throughout the history of use of the chambers. In
some instances, although fractured, most of the original lid was found covering the
opening. Most repairs or replacements were found at the northern half of each
opening. While in some cases materials such as corrugated steel was used, it was
more commonly outsized crude concrete slabs that replaced broken portions of lids
Appendix III Plates 2.5 & 2.6. In the case of C.86/87 the covering lid had completely
degraded and soil compaction was all that remained over the opening.
2. 3. 4 Internal openings
All further noted breaks, gaps and openings are at the base of the northern wall
within each tank. These openings are well-defined in the eight easternmost
chambered tanks. The first tank on the eastern end (C.50) has a squared opening to
north, estimated between 0.25m - 0.31m in width. This opening extended through
the wall to north where it had been closed using a metal cover. This may have been
unintentional but does provide a clarity on the construction of the opening. It seems
that the opening was shuttered with concrete, using formwork, during the
construction of the north wall. The position at which it enters the chambered tank is
slightly off-centre to the west.
The next chambered tank to the west, C.52, has a squared opening that has been
blocked with debris which had seemingly originated at north. It has an estimated
width of approximately 0.36m and is off-set significantly to the west of centre. The
internal face of the north wall here has an observable kink, whereby the footing
appears to have been stepped back, by as much as 80mm.
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Tank C.54, the next chamber to the west, again has a squared basal opening.
Although some debris is present within the opening, it is clearly defined, with an
estimated width of 0.37m, centrally positioned in relation to the tank. The basal
opening in the next tank to the west, C.56, is again squared with an approximated
width of 0.34m. Notably, this opening is displaced to the east of the tank, so much so
that the eastern dividing wall appears to have been recessed to accommodate it.
Chambered tank C.58, to the west, again has a squared opening at the base. This is
also heavily displaced to the east and has an estimated width of 0.32m. Further
west, chambered tank C.60, has a squared opening at the base between 0.3m and
0.32m in width. Debris has partially filled the opening which is set slightly off-centre
to east.
The opening at the base of the chambered tank to the west, C.62, is particularly
interesting in that it has been largely blocked from the far side (north) by large
pieces of limestone and mortar. This has preserved some of the timber form-work at
the head of the opening. It is 0.36m in width and very slightly off-set to the west.
Finally, the next chambered tank to the west, C.64, has a basal opening measuring
between 0.38m – 0.4m and is positioned almost flush with the eastern wall of the
chamber. The eastern wall of the chamber appears to lean eastwards as it rises.
These formal openings, all occur in the north wall and at the eastern end of Feature
1. Where most clearly evident (C.58, C.62 and C.64), the height is greater than the
width of the openings. The depth of each opening is that of the thickness of the wall
but in most instances debris has been displaced through the openings from north.
The position of the openings, relative to the tanks is interesting, as it suggests that
the northern wall – and its openings - was constructed before the internal dividing
walls. However, seemingly no further deliberate openings were made along the
remaining section of northern wall to the west. It is worth noting that breaks, gaps
or other breaches in the north wall are evident in most of the other tanks to the
west, with the exception of the westernmost end tank C.104. These breaches in the
western half of the north wall are most substantial in tanks C.84, C.86, C.88, C.94
and C.96.
Chambered tank C.84 is interesting due to the fact that though there is a crude
breach at the base of the wall, the shuttered concrete above suggests that a squared
opening had been constructed but was subsequently filled in and shuttered over.
The regular form of other breaches may also be resultant of a similar construction.
At chambered tank C.88 the breach is very regular except for at the top and at C.94 it
appears stones may have been used to fill the opening and were then crudely
concreted over. Alternatively, the creation of these breaches (i.e. through hydraulic
erosion) has removed sections of the regularly coursed masonry found within an
otherwise homogeneous wall. Nevertheless, it is clear that the base of the northern
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wall of Feature 1 has deliberate openings at the eastern end and is similarly
breached at many points along the remainder.
In every chambered tank, the south wall is limestone and mortar construction. At
the end tanks (C.50 and C.104) the end walls are of the same construction and
extend beyond Feature 1 to the north. This southern wall is therefore the original
cesspit wall. The northern wall appears to have been constructed to separate a
rectangular space which was to be divided into 20 voids/tanks.
2. 4 Discussion
The purpose of this structure remains largely unclear but it does seem plausible that
each chambered tank was expected to act as a cesspool. A ‘cesspit’ is a place/tank in
which waste material collects and is emptied manually at intervals, while ‘cess pool’
by definition is a place in which waste is deposited but allowing the liquid part to
percolate into the surrounding soil.
A septic tank, by contrast, necessitates the filtration of all material so that solid
waste is broken-down before percolating elsewhere. It is possible that the eight
eastern tanks were designed to act at cesspools, liquids percolating into the former
cess pit to the north. However, during the course of construction, this design
template may have been abandoned, opting instead for simple cess pits that were
not to be emptied. It must be understood that this would have been a very short
term out-look for any sanitation project.
The cast concrete cap (C.5) was created in-situ. The basal timbers of the casting
boards are still in place in some instances (most notable at C.62), Appendix III Plate
2.7, and much of the timber debris within the tanks may have originally been part of
this. Also of interest is tank C.102, which has a low dividing wall in the interior, while
C.82 immediately to the west has two openings at the top. It is likely this was done in
error and that the double openings of C.82 were in fact meant to access two
separate tanks at C.102. Following the cast, the internal wall of C.102 was reduced in
height.
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3. Human Remains Evidence
3.1 Human Remains Evidence and Analysis
Dr Linda G. LYNCH
This report details the osteoarchaeological assessment of the photographic record of
the most recent investigations (Phase IIA) by the Mother and Baby Homes
Commission Of Investigation (MBHCOI) of the site at Tuam. Previous test excavations
identified juvenile (<18 years) human skeletal remains within, and to the exterior
(north) of, four underground tanks associated with a larger concrete structure
(McCullagh 2016).
3. 2 Methodology
Unlike the initial test excavations in Phase II, no skeletal remains were recovered
during the most recent archaeological investigation (Phase IIA). The surfaces of
the deposits in the 16 tanks were almost 2m below the upper capped concrete
surface. Photogrammetry was undertaken, which enabled the whole surface of
each deposit to be photographed in detail. Human skeletal remains were
identified in 14 out of the 16 tanks exposed during this investigation.
A composite photograph of each tank was processed by A. Harte for planning
purposes. These composites are used in this report as the base photograph of
each chambered tank, which are examined separately below. Each composite
photograph is annotated (in terms of skeletal remains), and more detailed
descriptions of identified, and unidentified, human remains is provided,
including more specific photographs. In some cases, it was possible to identify
individual bones. While every group of bones, or actual identifiable bones, are
indicated in each tank, not every single fragment of bone is highlighted.
No adult bone (18+ years) was identified, and all identifiable skeletal remains
within the tanks appeared to be from either infants (<1year) or young juveniles
(1-6 years). It was not always possible to correctly identify the age group and
many bones are simply classed as juvenile – in this instance ‘juvenile’ specifically
refers to individuals aged 6 years or less at the time of death.

A number of instances of possible articulated human skeletal remains were
identified on the surfaces of the sediments within the tanks. However, this does
not necessarily indicate in situ remains. It appears likely that there has been
considerable fluctuation in water levels in the tanks since the human remains
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were originally deposited, resulting in a redistribution of skeletal elements. This
will be further examined in the discussion.

As a reference guide to the photographs and text, where some technical language
is used, there are diagrams of the main bones of the human skeleton, the main
elements of the infant cranium, anatomical directions, and a glossary of
osteoarchaeological terms in Appendix VI, A-D.
3. 3 Human Skeletal Remains (as determined from photographic analysis)
In total, 16 additional tanks were opened during the present investigation.
Human skeletal remains were identified in 14 of them. In most of the
photographs, north is always to the top, unless otherwise stated.
C.50/51
This is the easternmost tank of Feature 1. It was identified in Phase II and
reported on in full (see McCullagh 2016)
C.52/53
This tank is immediately to the west of tank C.50/51. It comprises a single
narrow chamber. Appendix III Plate 3.1 is a general annotated photograph of
the base of the tank, while Appendix III Plate 3.2 to 3.7 show the identified
elements in more detail. Human remains were identified on the surface of the
sediment, at the north end of the tank (a), along the eastern side (b) and (c), and
at the southern end (d).
The identified human remains are summarised in Table 3.1.
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Location as
indicated in
primary
photograph
Plate 3.1

Details

Plate reference
(see Appendix III)

a

Multiple cranial remains of infants (<1 year)
and/or young juveniles (1-6 years)

3.2

Infant (<1 year) cranial fragment and long bone

3.4

b
c

d

Collection of possible infant (<1 year) remains
including two separate sets of possible articulated
ribs, and other possible indicators of articulation

Multiple possible infant (<1 year) remains
including two individual sets of possibly articulated
ribs and two mandibles

3.3
3.5, 3.6, 3.7

Table 3.1: Identified human skeletal remains within tank C.52/53
A collection of primarily cranial remains is present at the northern end of the tank
(see Appendix III Plate 3.2), which may be from either infant/s (<1 year) and/or
young juveniles (1-6 years). It is possible that multiple individuals are represented
here. There is some suggestion of articulation in the bones indicated in Appendix III
Plate 3.3, located along the east side of the tank, which appear to comprise infant
remains (<1 year). At least two separate concentrations of ribs appear in an
articulated state, while a possible left humerus and ulna (upper arm and forearm
bones) are in the approximate location for being articulated. It may also be more
that coincidence that there are two tibiae (shin bones) close together. There also
appears to be a concentration of possible infant vertebrae.
A possible infant cranium and long bone was identified along the middle of the
eastern side of the tank (see Appendix III Plate 3.4).
At the southern end of the tank a significant concentration of skeletal remains was
identified (Appendix III Plate 3.5). Two individual sets of possibly articulated possible
infant ribs were identified. In addition to a large concentration of possibly
infant/young juvenile cranial remains, ribs, and long bones, two mandibles were
identified. The first mandible (Appendix III Plate 3.6) is probably from an infant <1
year at the time of death. Another probable infant mandible (<1 year) was also
identified (Appendix III Plate 3.7).
C.54/55
This tank was immediately to the west of tank C.52/53. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.8 is a
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general annotated photograph of the base of the tank, while Appendix III Plates 3.93.13 show the identified elements in more detail, while other information is detailed
in Appendix III Plates 3.14 and 3.15. Human skeletal remains were identified in the
southern half, (a) and (b), of the tank.
The identified human remains are summarised in Table 3.2.
Location as
indicated in
primary
photograph
Plate 3.8

Details

Plate reference
(see Appendix III)

a

Various infant (<1 year) and/or young juvenile
(1-6 years) remains

3.9, 3.10

b

Infant/young juvenile cranial remains (<6
years), adjacent to animal bone, with an infant
(<1 year) femur and associated possible hand
bones suggesting some possible articulation

3.11, 3.12, 3.13

Table 3.2: Identified human skeletal remains within tank C.54/55
Infant (<1 years) and/or young juvenile (1-6 years) skeletal remains were identified
just to the south of the middle of the tank (see Appendix III Plate 3.9). There was no
evidence of articulation.
An infant femur (thigh bone) and hand bones were identified in the northern end of
the tank (Appendix III Plate 3.11), which may suggest some degree of articulation
(Appendix III Plate 3.12). In addition, cranial remains of an infant were identified
underlying what appears to be a large animal bone fragment in the southwest corner
of the tank (Appendix III Plate 3.13).
Two small possible fragments of human bone were tentatively identified attached to
the north-facing wall of the tank (Appendix III Plate 3.14).
A possible piece of wickerwork (Appendix III Plate 3.15) was identified at the
northern end of the tank (see Appendix III Plate 3.8 for location).
C.56/57
This tank was immediately to the west of tank C.54/55. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.16 is a
general annotated photograph of the base of the tank, while Appendix III Plate 3.17
to 3.23 show the identified elements in more detail. Skeletal remains were identified
at the northern end of the tank (a), near the centre (b), and in the southern half (c)
and (d).
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The identified human remains are summarised in Table 3.3.

Location as
indicated in
primary
photograph
Plate 3.16

Details

Plate
reference (see
Appendix III)

a

Multiple infant (<1 year) and/or young juvenile (1-6
years) cranial bones

3.17

c

Multiple possible infant (<1 year) long bones

3.19

b
d

Infant (<1 year) and/or young juvenile (1-6 years)
cranial bone

Cranial remains of at least two young juveniles (1-6
years), as well as other skeletal remains

3.18
3.20, 3.21,
3.22, 3.23

Table 3.3: Identified human skeletal remains within tank C.56/57

Multiple infant/young juvenile bones (that is, <6 years) were evident in the areas
marked (a), (b), and (c) in Appendix III Plates 3.17-3.19. In Appendix III Plate 3.17, a
thoracic vertebral arch of a young juvenile (1-6 years) is also visible.
Multiple juvenile cranial fragments were present at the southern end of the tank and
some of these are indicated in Appendix III Plate 3.20. At least two young juveniles
(1-6 years) appear to be present. On the right side of the photograph is the occipital
squama (back of skull) and right temporal (side of skull) of a possible young juvenile
(1-6 years). The other left and right temporals, occipital squama and pars lateralis,
and pars basilaris, in the main area of the photograph, are probably all from another
juvenile individual. These bones form the sides, back, and base of the skull. The pars
lateralis appear at least partially fused to the squama, which typically occurs
between 1-3 years of age (after Schaefer et al. 2009, 15). The pars basilaris is
completely separate: this typically fuses to the pars lateralis between the ages of 5-7
years (ibid.).
Some additional skeletal remains were identified in the southern end of the tank and
these are specifically highlighted in Appendix III Plate 3.21-3.23. A set of
infant/juvenile ribs were visible along the west-facing wall, which may suggest some
degree of articulation (Appendix III Plate 3.21). The mandibular remains of a young
juvenile were also evident in this area (Appendix III Plate 3.22). It is tentatively
suggested that the first and second deciduous molars may have been erupted at the
time of death which would indicate an individual aged between approximately 2-4
years at the time of death. A probable young juvenile (1-6 years) thoracic arch is
visible adjacent to the mandible. Finally, there was a concentration of possible
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juvenile ribs and vertebrae (Appendix III Plate 3.23) near the southeast, which may
suggest some articulation.
C.58/59
This tank was immediately to the west of tank C.56/57. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.24 is a
general annotated photograph of the base of the tank, while Appendix III Plate 3.253.32 show the identified elements in more detail. Human skeletal remains were
identified in the northern half (a) and in the southern half, (b) and (c).
The identified human remains are summarised in Table 3.4.
Location as
indicated in
primary
photograph
Plate 3.24

Details

Plate
reference
(see
Appendix III)

a

Numerous possible infant remains, with some possible
articulation

3.25, 3.26, 3.27

c

Infant bones

3.31

b

Possible infant hand bones, possible infant/young
juvenile articulated vertebrae and ribs

3.28, 3.29, 3.30

Table 3.4: Identified human skeletal remains within tank C.58/59

A large amount of human skeletal material was evident at the northern end of the
tank (Appendix III Plate 3.25), with multiple cranial possible infant bones evident, as
well as various bones of the limbs and a pelvic bone (Appendix III Plate 3.26). A
possible infant ulna and radius were tentatively identified which may be in an
articulated state (Appendix III Plate 3.27).
Other possible infant bones were also identified on the east side of the tank (see
Appendix III Plate 3.24-3.28). Possible infant hand bones were identified (Appendix
III Plate 3.29): the fact that they are adjacent is suggestive of some degree of
articulation. More convincing evidence of articulation was evident in a set of
possible infant/young juvenile thoracic vertebrae and left ribs (Appendix III Plate
3.30). In the latter, the medial ends of the ribs appear to be in the general position
for articulation with the left transverse process of at least two thoracic vertebrae.
This could also be a young juvenile individual. Finally cranial and rib remains from a
possible infant were also identified (see Appendix III Plates 3.31).
In addition to the skeletal remains evident in the sediment, an infant/young juvenile
hand phalanx was identified attached to the concrete cladding of the tank in the
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northwest corner (Appendix III Plate 3.32). This was located above the extant
sediments.
Finally, the remains of a black, probably plastic, hair comb (Appendix III Plate 3.33)
were identified near the northern end of the tank (see Appendix III Plate 3.25 for
location).
C.60/61
This tank was immediately to the west of tank C.58/59. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.34 is a
general annotated photograph of the base of the tank, while Appendix III Plate 3.353.37 show the identified elements in more detail, while another detail is shown in
Appendix III Plate 3.38.
The identified human remains are summarised in Table 3.5.
Location as
indicated in
primary
photograph
Plate 3.34

Details

Plate
reference
(see
Appendix
III)

a

Multiple infant (<1 year) and possible young juvenile
(1-6 years) bones

3.35, 3.36

b

Infant bones (<1 year)

Table 3.5: Identified human skeletal remains within tank C.60/61

3.37

Infant and possible juvenile cranial fragments, and other bones, were evident at the
northern end of the tank (Appendix III Plate 3.35-3.36), while infant bones were
present at the southern end (Appendix III Plate 3.37).
A piece of timber on the western side of the tank, near the southern end (Appendix
III Plate 3.38) appeared quite angled. It is possible that this may have been
deliberately shaped and is suggestive of a coffin.
C.62/63
This tank was immediately to the west of tank C.60/61. It comprised a single narrow
chamber. No human skeletal remains were identified in the deposits. Appendix III
Plate 3.39 provides a composite image of the surface of the sediments.
C.64/65
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This tank was immediately to the west of tank C.62/63. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.40 is a
general annotated photograph of the base of the tank, while Appendix III Plates
3.41 and 3.42 show the identified elements in more detail. The human remains, (a)
and (b), appear to be confined to the northern half of the tank.
The identified human remains are summarised in Table 3.6.
Location as
indicated in
primary
photograph
Plate 3.40

Details

Plate
reference
(see
Appendix III)

a

Possible infant (0-12 months) cranial bone

3.41

b

Possible infant possible petrous portion (part of
temporal bone of cranium) and another possible
bone fragment

3.42

Table 3.6: Identified human skeletal remains within tank C.64/65
A fragment of a possible infant cranium is clearly visible at the northern end of the
tank (area marked (a) in Appendix III Plate 3.40, see Appendix III Plate 3.41). In the
area marked (b) in Appendix III Plate 3.40, the identification of the possible petrous
portion (Appendix III Plate 3.42), is also tenuous: in some photographs it more
closely resembles a piece of timber while it others it appears to resemble a petrous
portion. The ‘possible bone’ in Appendix III Plate 3.42 is also tentatively identified: it
may be timber or metal.
C.102/10/12
This is the easternmost tank identified in Trench 1 in Feature 1 during Phase II. It was
previously reported on in full (see McCullagh, 2016).
C.82/11
This is the westernmost tank identified in Trench 1 in Feature 1 during Phase II. It
was previously reported on in full (see McCullagh, 2016).
C.84/85
This tank was immediately to the west of tank C.82/11. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.43 is a
general annotated photograph of the base of the tank, while Appendix III Plate 3.44Page 21 of 234

3.50 show the identified elements in more detail. Human skeletal remains were
identified in the north (a), middle (b) and (d), and south (c) of the tank.
The identified human remains are summarised in Table 3.7.
Location as
indicated in
primary
photograph
Plate 3.43

Details

Plate
reference
(see
Appendix
III)

a

Multiple bones of at least one infant (<1 year), with
evidence of articulation

3.44, 3.45,
3.46

Single possible fragment of human bone

3.50

b
c

d

Possible infant (<1 year) bones

Probable infant (<1 year) remains, with evidence of
articulation

3.47

3.48, 3.49

Table 3.7: Identified human skeletal remains within tank C.84/85

Multiple, apparently primarily infant, skeletal remains were evident at the northern
end of the tank, marked (a) in Appendix III Plate 3.43. These are highlighted in
Appendix III Plates 3.44-3.46. The infant left temporal, indicated in Appendix III
Plate 3.44, and highlighted in Appendix III Plate 3.45, is probably from an individual
aged between 0-5 months at the time of death (after Humphrey and Scheuer 2006;
referenced in Schaefer et al. 2009). A concentration of overlapping cranial bones,
again probably from an infant, as well as long bones, was also visible in this northern
area. At least two of the bones, Appendix III Plate 3.46, are suggestive of articulated
forearm bones (radius and ulna).
A number of bones, possible from an infant/s, were also present along the western
wall (see Appendix III Plate 3.47).
Numerous skeletal remains were present in the southern end of the tank and are
detailed in Appendix III Plates 3.48 and 3.49. Certainly infant remains (<1 year) were
present, although it is entirely possible that bones of young juvenile/s (1-6 years) are
also present.
The ribs indicated in Appendix III Plate 3.48, may be articulated. In particular the ribs
that overlie the cranial fragment and are also visible in Appendix III Plate 3.49, are
aligned as if they were still at least partially articulated. A possible radius and ulna
(bones of the forearm), which are visible in Appendix III Plate 3.49, also may be in an
articulated state. In addition, the two parietals (left and right sides of the skull),
indicated in Appendix III Plate 3.49, appear to represent a relatively intact cranium,
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particularly with the presence of a left petrous portion of the temporal (side of the
skull).
A single fragment of bone was identified in the east (see Appendix III Plate 3.50).
C.86/87
This tank was immediately to the west of tank C.84/85. It comprised a single narrow
chamber. No human skeletal remains were visibly within the extant deposits.
Appendix III Plate 3.51 is a general photograph of the surface of the tank sediments.
C.88/89
This tank was immediately to the west of tank C.86/87. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.52 is a
general annotated photograph of the base of the tank, while Appendix III Plates
3.53-3.60 show the identified elements in more detail. Human skeletal remains were
identified throughout the length of the tank in at least five concentrations, running
from (a) in the north end to (e) in the southern end.
The identified human remains are summarised in Table 3.8.

Location as
indicated in
primary
photograph
Plate 3.52

Details

Plate
reference
(see
Appendix III)

a

Multiple bones of infants/young juvenile (<6 years)

3.53

d

Multiple bones of infants/young juvenile (< 6 years)

3.56

b
c

e

Multiple bones of infants/young juvenile (<6 years)
Multiple bones of infants/young juvenile (<6 years)

Multiple remains including loose cranium of a 1.5-2.5
year old and two possible infants (3 humeri)

3.54
3.55

3.57, 3.58,
3.59, 3.60

Table 3.8: Identified human skeletal remains within tank C.88/89

Juvenile human skeletal remains were visible throughout the length of this trench, as
indicated in Appendix III Plate 3.52. Numerous fragments of infant and/or juvenile
bones were present in the areas marked (a), (b), and (c), and also in (d), see
Appendix III Plates 3.53-3.56. In the area (d), a possible humerus was identified from
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either an infant (<1 year) or a young juvenile (1-6 years), (see Appendix III Plate
3.56).
The southern end of the tank, indicated as (e) in Appendix III Plate 3.52, contain the
most diagnostic fragments in tank C.88/89. Most notable, is the complete cranium
(Appendix III Plate 3.57). The dental remains of this individual suggest that the
mandibular second deciduous molars were just beginning to erupt at the time of
death. This suggests an age of perhaps 1.5-2.5 years, although it would not be
unexpected if the actual age-at-death was slightly older. The cranium is clearly
disarticulated and is the only complete skull in all of Feature 1 which lies completely
above the sediment of the tank. Other fragments were identifiable in this area.
Three possibly infant (<1 year) possible humeri (upper bone of the arm) were
identified in this area (Appendix III Plates 3.59 and 3.60), although only one could be
identified as a possible right humerus (Appendix III Plate 3.60). This suggests the
remains of two possible infants. The right thoracic/lumbar arch, visible in Appendix
III Plates 3.58 and 3.60, had not fused to the left at the time of death, which
suggests certainly an individual less than 2 years, and probably an individual less
than 1 year (an infant). The arch appears small in comparison to the possible humeri,
but this is not conclusive evidence of a third younger infant. A juvenile vertebral
body was also identified in Appendix III Plate 3.59. The shape suggests an individual
aged between 1-6 years at the time of death, that is, a young juvenile.
The right humerus in Appendix III Plate 3.60, is one of the few long bones which
appears to show some, presumably post-mortem, erosion of the distal end (near the
elbow).
C.90/91
This tank was immediately to the west of tank C.88/89. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.61 is a
general annotated photograph of the base of the tank, while Appendix III Plates
3.62-3.69 show the identified elements in more detail, with an additional feature
indicated in Appendix III Plate 3.70. Human skeletal remains were identified near
the middle of the tank (a), and in the southern half, (b) and (c).
The identified human remains are summarised in Table 3.9.

Page 24 of 234

Location as
indicated in
primary
photograph
Plate 3.61

Details

Plate
reference
(see
Appendix III)

a

Single young juvenile (1-6 years) cranial fragment

3.62

b
c

Probable infant (<1 year), with possible articulation

Infant/young juvenile (<6 years) remains of possibly
two individuals, with possible articulation

Table 3.9: Identified human skeletal remains within tank C.90/91

3.63, 3.64,
3.65

3.66, 3.67,
3.68, 3.69

A fragment of a juvenile cranium was present on the western side of the tank (a), see
Appendix III Plates 3.61 and 3.62. Two major concentrations of human bone were
present in the southern half of the tank. The first (b), see Appendix III Plates 3.63
and 3.64, contained a probable/possible infant cranial bones, a set of infant right
ribs, a right ilium (part of the right hip bone), infant arm bones, and a possible infant
scapula.
When examined more closely (Appendix III Plate 3.64), a possible ischium (another
part of the hip) was identified under the right ilium, and possible articulated
vertebrae were also identified. These were adjacent to the set of right ribs and
another set of possibly articulated bones that could not be identified. In addition,
the aforementioned arm bones can also be seen in more detail in Appendix III Plate
3.65. In this case a right humerus, probably from an infant (<1 year) was identifiable,
with an unsided radius and another long bone which may be an ulna. These are the
bones that form the arm. The occurrence of these three bones together is unlikely to
be coincidental and these arm bone may be approximately articulated. In fact, it is
possible that the arm bones along with the set of right ribs, the possible scapula, the
possible articulated vertebrae, and the pelvis bones are all approximately in situ as
they would be in the approximate correct position for an infant lying on the left side.
Near the southwest corner of the tank, another dense concentration of skeletal
remains was present (see Appendix III Plates 3.66-3.69). Identified bones included
those of the cranium, ribs, a right scapula, and a possible ulna.
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Three concentrations of apparently articulated ribs (Appendix III Plate 3.67) were
apparent which suggests possibly two individuals. A right scapula was recovered
adjacent to one set of right ribs (Appendix III Plate 3.68), which may suggest some
degree of articulation.
Cranial remains were identified (Appendix III Plate 3.69), which may represent a
relatively intact, but collapsed cranium of an infant or young juvenile (<6 years). The
left frontal and temporal in particular are in the correct position for an articulated
infant/juvenile cranium (see Appendix VI B), while a larger cranial fragment
underlies the two: that larger fragment may be a parietal or the squama from the
occipital.
Finally, the remains of a blue shoe from a young juvenile was present near the
northern end of the tank (see Appendix III Plates 3.61 and 3.70).
C.92/93
This tank was immediately to the west of tank C.90/91. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.71 is a
general annotated photograph of the base of the tank, while Appendix III Plates
3.72-3.76 show the identified elements in more detail. Human skeletal remains were
identified in the northern end (a), and in the southern half, (b), (c), (d), and (e), of
the tank.
The identified human remains are summarised in Table 3.10.
Location as
indicated in
primary
photograph
Plate 3.71

Details

Plate
reference
(see
Appendix III)

a

Young juvenile juvenile (2-6 years) cranium

3.72

Ribs and possible scapulae of young juvenile (1-6
years), possible articulation

3.75

b

Possible young juvenile (1-6 years) mandible

c

Multiple fragments including long bones of juveniles
possibly aged c. 2 years (or slightly older)

e

Possible cranial vault, probable juvenile (<6 years)

d

Table 3.10: Identified human skeletal remains within tank C.92/93

3.73
3.74
3.76

Cranial remains are present in the northeast corner of the tank (Appendix III Plate
3.72). These may comprise a quite complete cranium, as at least the left parietal and
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left temporal (sides of skull) and the frontal bone (forehead) are present. The
metopic suture appears fully closed. This typically fuses between the ages of 2-4
years (after Schaefer et al. 2009, 38).
Along the eastern wall of the tank there is a fragment of a cranium, and a mandible
(Appendix III Plate 3.73). The mandibular symphysis is fused indicating an individual
>1 year at the time of death (after Schaefer et al. 2009, 64). Indeed, the mandible
actually appears quite robust and certainly indicates a juvenile at least aged between
1-6 years, but could be older. Unfortunately the teeth are unobservable. A possible
hand phalanx was also identified but it was not possible to determine if there was
any fusion of the proximal epiphysis (which would be expected in an adolescent
individual).
Multiple bones were present just to the south of the central area of the tank
(Appendix III Plate 3.74). A possible right tibia was present. The length of this was
estimated based using the approximate estimated width (0.40m) of the tank near
the base: the tibia was determined to be approximately 140mm in length, which
suggests an age-at-death of approximately 2 years (after Maresh 1970). This was
slightly unexpected as the tibia appears quite robust. However, the perspective at a
depth of circa 2m is quite deceptive. The proximal end of a right femur (hip end of
thigh bone) of a juvenile (1-6 years, age cannot be specifically determined although
it may be similar in age to the aforementioned tibia) was identified overlying a
cranial fragment. A vertebral body was also identified although unfortunately, it was
not possible to assess the degree of fusion, if any, with the neural arch, which would
help in determining the age-at-death.
A small collection of bones is visible in the southwest corner of the tank (Appendix
III Plate 3.75). It was difficult to determine what bones are present. However, it is
suggested that they are young juvenile (1-6 years) in origin and may comprise some
left ribs and possibly the acromion of the scapula (shoulder blade), which may be
suggestive of some degree of articulation. In the southeast corner, a possible cranial
vault fragment was identified (Appendix III Plate 3.76).
C.94/95
This tank was immediately to the west of tank C.92/93. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.77 is a
general annotated photograph of the base of the tank, while Appendix III Plates
3.78-3.83 show the identified elements in more detail. Human skeletal remains were
identified in the northern end, (a) and (b), and in the southern half, (c), (d), and (e),
of the tank.
The identified human remains are summarised in Table 3.11.
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Location as
indicated in
primary
photograph
Plate 3.77

Details

Plate
reference
(see
Appendix
III)

a

Probable infant (0-12 months) left femur

3.78

b
c

d
e

Cranium of young juvenile (1-6 years)

Concentration of bone, at least one juvenile, possibly
aged 4-6 years

Cranial remains of probable young juvenile (1-6 years)
Maxilla of young juvenile (1-6 years)

3.79

3.80, 3.81

Table 3.11: Identified human skeletal remains within tank C.94/95

3.82
3.83

An infant left femur was identified in the northwest corner (Appendix III Plate 3.78),
while a cranium, lying with the base facing upwards, was identified in the northeast
corner (Appendix III Plate 3.79). The cranium is probably from a young juvenile (1-6
years).
A concentration of bones was apparent near the middle of the tank, (c) and (d),
which mostly comprised disarticulated cranial fragments of at least one young
juvenile (1-6 years), as well as a number of ribs, vertebrae, and at least one long
bone. The ulna, identified in Appendix III Plate 3.80 and 3.81, is estimated to be
approximately 140mm in length, which would suggest an age-at-death of
approximately 4.5 years (after Maresh 1970). A body of a vertebral (actual vertebrae
unidentified) appeared to be at least partially fused to the neural arch (which
completes the bony channel for the spinal cord). These elements fuse at different
times in different vertebrae: in the cervical (neck) vertebrae the body and neural
arch are fused by 4 years, in the thoracic (which articulate with the ribs) vertebrae
those elements fuse by 6 years, and in the lumbar (lower back) vertebrae the body
and arch fuse by 5 years (after Schaefer et al. 2009, 120-121). There is certainly some
fusion in the vertebrae observed in tank c.62, although it is not possible to confirm
which vertebra it actually is. It does however, at least suggest the presence of an
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individual aged perhaps between 4-6 years at the time of death. A concentration of
cranial bones lay nearby (see Appendix III Plate 3.82). Finally, the left maxilla of a
probable young juvenile (1-6 years) was identified in the southeast corner of the
tank (see Appendix III Plate 3.83). The rate of eruption and/or development of the
teeth was not observable although it is probable that at least the first left upper
deciduous molar had erupted.
C.96/97
This tank was immediately to the west of tank C.94/95. It comprised a single narrow
chamber. Human remains were identified in the deposits. Plate 3.84 is a general
annotated photograph of the base of the tank, while Appendix III Plates 3.85-3.87
show the identified elements in more detail. Human skeletal remains were identified
at the northern (a) and southern ends (b) of the tank.
The identified human remains are summarised in Table 3.12.
Location as
indicated in
primary
photograph
Plate 3.84

Details

Plate
reference
(see
Appendix
III)

a

Cranial bones, ribs, possible scapula of at least one
infant/young juvenile, some possible articulation

3.85

b

Infant (0-12 months) remains including possible an
articulated cranium and cervical vertebrae

3.86, 3.87

Table 3.12: Identified human skeletal remains within tank C.96/97

At least two separate cranial bone fragments were visible at the northern end of the
tank (see Appendix III Plate 3.85). In addition, there appeared to be a set of ribs
(medial ends) overlying a possible scapula (lateral border), which may suggest some
degree of articulation. It is difficult to determine the age at death but the remains
would certainly appears to be either infant (<1 year) and/or young juvenile (1-6
years).
A number of infant bones were identified in the southern end of the tank (Appendix
III Plate 3.86). Cranial remains are clearly visible in two locations, as well as
numerous rib and vertebral bones, and a left tibia. The main concentration of cranial
bones (see Appendix III Plate 3.87), comprised a left and a right parietal (sides of the
skull) and an occipital (back of the skull), as well as some possible cervical (neck)
vertebra. This suggests that these elements may be largely intact and may retain
some degree of articulation (see Appendix VI B).
Page 29 of 234

C.98/99
This tank was immediately to the west of tank C.96/97. It comprised a single narrow
chamber. Human remains were identified in the deposits. Appendix III Plate 3.88 is a
general annotated photograph of the base of the tank, while Appendix III Plate 3.893.91 show the identified elements in more detail. Human skeletal remains were
identified at the northern end of the tank (a), near the centre underneath a fallen
slab (b), and in the southern half (c).
The identified human remains are summarised in Table 3.15.

Location as
indicated in
primary
photograph
Plate 3.88

Details

Plate
reference
(see
Appendix III)

a

Possible infant (<1 year) cranial fragments.

3.89

Possible young juvenile (1-6 years) cranial
fragment

3.91

b
c

Possible young juvenile (1-6 years) possible
vertebral body

3.90

Table 3.13: Identified human skeletal remains within tank C.98/99

Possible infant cranial bones are present at the northern end of the tank (Appendix
III Plate 3.89). A possible young juvenile (1-6 years) possible vertebral body was
identified under a fallen slab near the east wall (Appendix III Plate 3.90), while a
possible juvenile (<6 years) cranial fragment is present in the southern half (Plate
91).
C.100/101
This tank was immediately to the west of tank C.98/99 and to the east of tank
C.104/105: the latter was identified in Trench 4 of the first phase of archaeological
investigations. Tank C.100/101 comprised a single narrow chamber. Human remains
were identified in the deposits. Appendix III Plate 3.92 is a general annotated
photograph of the base of the tank, while Appendix III Plates 3.93-3.94 show the
identified elements in more detail.
The identified human remains are summarised in Table 3.14.
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Location as
indicated in
primary
photograph
Plate 3.92

Details

Plate
reference
(see
Appendix III)

a

Young juvenile (1-6 years) cranial fragments

3.93, 3.94

Table 3.14: Identified human skeletal remains within tank C.100/101

A probable young juvenile (1-6 years) cranial, comprising at least two individual
bones, was identified underlying the large fallen slab in tank C.100/101 (see Plates
3.93-3.94).

3. 4 Discussion
In total, 16 tanks were identified, opened, and recorded during the most recent
phase (Phase IIA) of archaeological investigations at the former Bons Secour Mother
and Baby Home in Tuam, Co. Galway. These 16 tanks, along with four identified and
examined in 2016 (Phase II), were contained within a long concrete structure, built
into the southern wall of the large cess pit associated with the Poor Law Union
Workhouse which originally occupied the grounds. Human skeletal remains had
been identified in all four tanks examined in 2016 , and human bone was also
recovered, in a disarticulated state in deposits to the north of the north wall of the
concrete structure. Samples of human bone taken from inside the tanks returned
radiocarbon dates ascribed to the twentieth century. All identified human skeletal
remains from 2016 were juvenile (<18 years) in origin, and specifically were from
infants (<1 year) or young juveniles (1-6 years) (see McCullagh 2016).
No skeletal remains were physically removed during the Phase IIA investigation, and
all osteoarchaeological analysis in this phase is based exclusively on the assessment
of photographs taken of the 16 tanks. Human skeletal remains were identified in 14
out of the 16 tanks: the exceptions were tank C.62/63 and tank C.86/87. It should
not be assumed however, that there are no human skeletal remains in those two
tanks: the presence of human remains was only confirmed in tank C.100/101 when
the camera was able to photograph underneath a fallen slab of concrete. It is
probable, given that it is now known that there are human remains in at least 18 of
the total of 20 tanks in Feature 1, that there are in fact human remains in tanks
C.62/63 and tank C.86/87, but that they are simply not immediately visible on the
surface.
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It is impossible, given the limitations of the present archaeological investigation, to
estimate the numbers of individuals represented in the tanks. It is clear however,
that many tanks contain a mixture of infant (<1 years) and young juvenile (1-6 years)
bones. For example, tank C.84/85 contained a large concentration of bones in the
southern end of the tank where both infant (<1 year) and young juvenile (1-6 years)
remains were identified. Only actual physical investigation could reveal the numbers
of individuals deposited in Feature 1.
A cranium was present in tank C.88/89, possibly from an individual aged between
1.5 and 2.5 years, although it is possible that the individual was slightly older. This
skull was unique in terms of complete crania in that it was sitting on the surface of
the sediments. Also all other cranial fragments were at least partially embedded in
the sediments, while tank C.50/51 (examined in 2016) contained a partially
embedded cranium which may represent a relatively intact skeleton (McCullagh
2016). In contrast, the cranium in tank C.88/89 clearly lay on the surface of the
sediments. This may suggest that the latter cranium was perhaps thrown into the
tank in more recent decades and may even have originated from another location. It
was interesting that, adjacent to the cranium, is an infant humerus which shows
post-mortem erosion: this was quite unique in terms of the observed general
preservation of other skeletal remains in the tanks as the bones were invariably in an
excellent state of preservation. Again, it is possible that this long bone originated
elsewhere (where it may have suffered the post-mortem erosion) and was
subsequently redeposited within tank C.88/89.
In contrast to the aforementioned cranium and humerus in tank C.88/89, there were
numerous examples of bones which appeared to be in at least some form of
articulation, though not necessarily in situ. Possible articulated skeletal remains were
identified in tanks C.52/53, C.54/55, C.56/57, C.58/59, C.84/85, C.90, C.92/93, and
C.96/97. Most of these comprised sets of ribs, which appeared to have collapsed on
top of each other, as would be normal in a decomposing body: up to four sets of ribs
(‘set’ referring to a set of left ribs or a set of right ribs) were identified in tank
C.90/91. In a number of cases, the bones of the forearm (radius and ulna) were
tentatively identified lying together, suggesting some degree of articulation, such as
in in tank C.58/59 and tank C.84/85. In tank C.90/91, numerous bones were
suggestive of an infant lying on its left side.
The ‘articulation’ is not as clear as it would be in remains that had actually been
buried. The nature of the tanks has dictated the current state of the skeletal
remains. As was surmised in the original osteoarchaeological assessment (McCullagh
2016), it is probable that complete bodies were deposited in the tanks: this would at
least explain the excellent state of preservation of the observable bone. If the bones
had been dug up elsewhere and then redeposited in the tanks, it would be expected
to see much more fragmentation and it would be unlikely that there would be
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relatively intact juvenile crania, such as in tank C.92/93 (see Appendix III Plate 3.72)
and tank C.96/97 (see Appendix III Plate 3.87). In addition, it would be expected that
the redeposited earth would be visible in the tanks. Instead however, all visible
sediments in the tanks may in fact be formed as part of normal fluctuations within
and into the tanks.
It is probable that there was some fluctuation in terms of water levels within the
tanks. It was evident in most tanks, that the sediments (now quite dry), had shrunk
back from the edges of the tanks. This would suggest that, at one stage, the interiors
of the tanks may have been substantially wetter. Assuming that complete bodies
were deposited in the tanks (with no actual burial in the sense of covering the
remains with earth), then fluctuations in the water table would have allowed bodies,
and later body parts and bones, to float and disperse across each tank. In forensic
contexts it is known that ‘dangling appendages’ will separate from the main carcass,
and the water action will allow for additional dispersal (Haglund and Sorg 2002).
Interestingly, a lot of the bone concentrations were on the south sides of the tanks:
this would represent the normal drainage of the site where the higher ground was to
the north. The assumed fluctuations in water levels would certainly account for the
somewhat unusual manifestations of ‘articulation’, for example where sets of ribs in
particular were commonly identified. Interestingly, in some tanks skeletal remains
were identified which were not within the sediments. In tank C.54/55 two possible
fragments of bone were noted on the north facing wall of the tank (Appendix III
Plate 3.14), although the identification was quite tenuous. However, more
conclusively, in tank C.58/59 a single infant/young juvenile probable hand phalanx
was recorded attached to the south-facing wall of the tank (Appendix III Plate 3.32).
The hand phalanx in particular was located well above the current sediment level,
suggesting that there was indeed fluctuation in the water table within the tanks.
The age-at-death span of the skeletal remains examined in 2016 was from 35 foetal
weeks to 2-3 years (McCullagh 2016). No skeletal remains were recovered during the
most recent investigation. However, the osteoarchaeological assessment of the
photographs suggests a similar age range for the individuals identified in the newly
examined tanks: all of the skeletal remains were probably from individuals aged less
than 6 years at the time of death (that is, infants <1 years and young juveniles aged
1-6 years). In reality, most were probably in the younger end of that scale. However,
there was an exception. In tank C.94/95 a vertebra and an ulna were identified that
are probably from an individual aged between 4-6 years at the time of death.
Finally, again referring to the deposition of the remains, one piece of timber had an
unusual angle in tank C.60/61 (see Appendix III Plates 3.37 and 3.38). This was
reminiscent of the angles which may be seen in a coffin and the timber does not
appear as crude as most of the shuttering from the construction of the tanks which
had collapsed in. However, the identification of this ‘coffin’ is tenuous and should
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not be taken as conclusive. The possible wickerwork identified in tank C.54/55 (see
Appendix III Plate 3.15) may be related to the deposition of a body or bodies but
again the identification is not definite. It is unknown if the black plastic comb in tank
C.58/59 (see Appendix III Plate 3.33) and the blue shoe in tank C.90/91 (see
Appendix III Plate 3.70) are contemporary with the deposition of human remains.
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4. Artefactual Evidence
This excavation was intended to be non-intrusive exercise and solely for the
purposes of establishing the extent of Feature 1 and provide an indication of the
extent of the deposition of human remains contained therein. Excavation was not
possible due to limited accessibility and resulting safety issues, thus artefact
recovery did not take place. There was a single exception to this.
It was observed that a piece of evidence in the form of a plastic bottle lay directly on
the surface of C. 95 within chambered tank C. 94. There was ongoing consultation
and agreement with the MBHCOI throughout the work, and it was acknowledged at
the time that it was pertinent to recover this as an exhibit, as it could be done so
without causing disturbance to the deposit (C.95) and human remains therein. The
context could be considered secure and thus the bottle of significant evidential
value.
This bottle may be described as a moulded green plastic bottle with the label ‘Castrol
GTX’ printed directly onto the plastic, it was empty of contents. The text on the
label reads in full "Castrol GTX HIGH PERFORMANCE MOTOR OIL", "CONTENTS
500ml" and "CASTROL (IRELAND) LIMITED”. There is no evidence remaining of
a serial number or other individual identifying features. The bottle was in an
excellent state of preservation despite being slightly crushed on one side. The green
plastic had degraded slightly with a gold foil cover remaining over the bottle
opening. There was no evidence of the original bottle cap, see Appendix III Plates
4.1 and 4.2.
Subsequent enquiries with the manufacturer revealed that this product was released
into the UK market on the 18th April 1968. This particular product did not exist prior
to this date. It would have been available in the Irish market on or after this date but
not before, see Appendix III Plate 4.3. ‘This product used the same technology of
‘liquid tungsten’ as the new formula Castrol, it was an instant success and has
become one of the longest lasting of the Castrol brands’ (Information supplied by
Joanne Burman of the BP Archive, BP International, Coventry, United Kingdom).
These findings indicate that these chambered tanks were accessible, either
temporarily or for an extended period of time, post 1968. When combined with the
radiocarbon dating of Phase II (1925-1957) and based on the history of the site-use,
this evidence makes it highly likely that the chambered tanks were accessed at, or
during, the time of the construction of the Tuam Road Housing Estate. Other debris
within the chambered tanks support the suggestion that there is, what can be
considered non-domestic, waste disposed in these tanks subsequent to the
deposition of the human remains, e.g. contents of C.11/82 see Appendix IV Figure
4.1.
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5. Environmental Sampling results
Soil samples were submitted to Dr Lorna DAWSON at the James Hutton Institute,
Scotland. Samples were subjected to Volatile Organic Compound (VOC) analysis,
organic analysis and isotope analysis. VOC analysis was conducted on an initial 32
soil samples submitted to Lorna DAWSON. This was followed by and independent
alkane/sterol/alcohol analysis on 11 of what were considered the most ‘interesting’
of the samples. These samples were selected based on the initial screening, the
results of which are described in full in Appendix VII.
5.1 Examination
Soil is a mixture of both inorganic and organic material (Dawson and Hiller, 2010;
Dawson and Mayes, 2014). The Organic material reflects the plant and animal
material having been deposited or decomposed within that soil and also human
organic inputs to the soil (Dawson and Mayes, 2014). A combination of gas
chromatography and gas-chromatography spectrometry (GCMS) can be used to
characterise and identify many organic compounds in oils, both volatile and physical
which helps ascertain what those inputs likely were.
Comparison of the distribution of the volatile compounds found in the samples with
published data describing the range of volatile compounds found in the samples with
published data describing the range of volatile compounds produced during
decomposition of mammalian tissues, including humans (Vass et al., 2004, 2008;
Vaas, 2012) allows the interpretation of contact with human decomposition
products to be made. This use of the odour of decomposition is relatively recent and
is considered an experimental technique for intelligence and is still under
development (Dawson, Sheperd and Mayes, Appendix VII).
5. 2 Summary of Findings
The examination confirms that there is evidence that this site had previously been
used as a sewage treatment facility. The result of these tests cannot categorically
establish if the sewage treatment facility was in use contemporaneous with the
deposition of human remains.
These tests also cannot contribute to the hypothesis of whether the human remains
had decomposed prior to being deposited in the tanks or if they were deposited and
decomposed in situ. A number of compounds indicative of bone decomposition,
ketones, aliphatic alcohols and n-aldehydes, were found in locations with high bone
density.
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Some of the results from soil sample analysis indicate the presence of faecal material
but it is also likely that the human remains have contributed to these indications.
There were markers of human sewage in the chambered tanks as well as human
decomposition products. Dr DAWSON found that it was difficult to say categorically
if the chambered tanks were in use at the time the bodies were deposited there.
The samples were found to have very low concentrations of biomarkers that would
typically indicate sewage. Dr DAWSON found that the reasons for low biomarker
concentrations found in samples are not easy to assess. If the chambers represented
a closed cesspit or sewage treatment facility it is possible that the collected sewage
had been removed before the deposition of the human remains. Soil may have been
added at the time of deposition or soil may have seeped in from the roofs or
openings at the base. If there were one or more pipe outflows (i.e. the facility was a
septic tank, or was connected to a sewer outflow), it is expected that little sewage
would be left behind. These low values could be as a result of several actions; old
sewage, partial removal of sewage or the mixing of other inert material such as soil
from elsewhere.
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6. Conclusion
6.1. Condition of Site Post Excavation
Following the completion of the investigations of Feature 1, a series of stages of
covering layers, both permeable and impermeable, were placed over the concrete
tank to protect the chambered tanks from intrusion and to ensure that the site was
secure in terms of safety and preservation. These measures are not intended for
permanency.
The entire length of the top of the concrete tank (C.5) was first covered with heavy
gauge plastic, this was followed by custom designed steel sheets. This was followed
by further heavy gauge plastic, to delay oxidation/corrosion, followed by a layer of
topsoil, over which a permeable breathable membrane was laid. Finally, a layer of
gravel was spread over all of the aforementioned covering layers. The site was
levelled and left in a tidy condition prior to departure (see Appendix III Plates 6.1
and 6.4).
All reasonable measures were put in place to secure the site temporarily, with a
consideration of a <6-month time frame. The hoarding surrounding the site is also a
temporary measure that has been in place since September 2016 and may
significantly deteriorate within a short timeframe. The gate through the hoarding
was fixed with a lock and a copy of the key to the lock was passed to An Garda
Síochána, Tuam. The MBHCOI is also in possession of a key. This lock can be ‘cut’ at
any time and should not be considered prohibitive nor a long-term solution.

6.2 Conclusion
The full extent of the chambered structure was investigated from the near-surface
during this phase. The complex nature of the site limited the extent of investigative
work to observation and full recording, in conjunction with a soil sampling
programme conducted in the latter half of site work.
The structure itself, Feature 1, is a later addition to the 19th century workhouse
‘sewage tank’ that appears on the 1892 edition of the Ordnance Survey mapping
(McCullagh, 2016). It has been constructed on the internal face of the south wall of
the stone and mortar ‘sewage tank’, and it may be considered a possible upgrade to
the pre-existing sewage treatment facility. The walls are constructed of stone and
shuttered concrete. Each of the twenty chambers has been constructed with
shuttered concrete with the easternmost chambers having openings at their base,
2.75m below current ground surface. Structural evidence suggests it is possibly an
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unfinished or abandoned structure as discussed in Section 2. The exact date of
construction of Feature 1 is unclear. However, radiocarbon dating and archaeological
evidence from Phase II indicates construction would have taken place pre 1940.
As described in section 3, 18 of the 20 chambers in Feature 1 contained observable
juvenile human remains; the two remaining chambered tanks would require further
investigation. Osteological analysis considers the observable human remains here to
be excellently preserved. Articulation at the time of deposition is considered
probable. It was not possible to determine through soil analysis if the facility was in
use for sewage treatment during the time of the deposition of human remains.
The results of this investigation highlight further the extent of juvenile human
remains that are deposited at this location. This is not a recognised formal burial
situation. The structural evidence here implies that a sewage treatment facility was
reused for the interment of juvenile human remains.
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8. Appendices
Appendix I: Warrant issued
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Appendix II: Technical Note
The archaeological theories and techniques used during this search and excavation were in
accordance with those outlined in publications such as:
1) ‘Standards and Guidance for Forensic Archaeologists’ (Powers and Sibun, 2011)
prepared for the Chartered Institute for Archaeologists, UK.
2) Component Standards for Archaeology and Anthropology issued by the Chartered
Society for Forensic Sciences, UK (www.forensic-science-society.org.uk).
3) Handbook of Forensic Anthropology and Archaeology (World Archaeological
Congress Research, 2011), Blau, S. & Ubelaker, D. (eds).
4) ‘Management of Archaeological Projects’ (MAP2), produced by English Heritage
(Andrews 1991).
5) Technical papers issued by the Institute for Archaeologists of Ireland (www.iai.ie).
6) Museum of London Archaeological Service Archaeological Site Manual (MoLAS,
1994).
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Appendix III: Plates

Plate 1.1: Protection offered by commercial marquee.

2.1: Openings within C.5 looking west

Plate
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Plate 2.2: Openings within C.5 looking east

Plate 2.3: Timber formwork in situ at C.46/47/62/63
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Plate 2.4: Concrete lid consistent with original concrete structure

Plate 2.5: Repairs an replacements to lids
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Plate 2.6: Evidence of damage to original lids.

Plate 2.7: Timber in situ for cast concrete cap (C.5) at C.73/74/92/93

Page 48 of 234

Page 49 of 234

Plate 3.1: C.52/53, annotated photograph of sections of identified human remains,
see Plates 3.2-3.7
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Plate 3.2: C.52/53(a), detail of infant cranial bones, see Plate 3.1
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Plate 3.3: C.52/53(b), multiple infant bones at east end of tank, see Plate 3.1
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Plate 3.4: C.52/53(c), infant cranium and long bone, see Plate 3.1
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Plate 3.5: C.52/53(d), concentration of skeletal remains from multiple individuals,
see Plate 3.1

Plate 3.6: C.52/53(d), detail, infant mandible, located at bottom edge of Plate 3.5
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Plate 3.7: C.52/53(d), detail, infant mandible, north to bottom, located at right side
of Plate 3.5
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Plate 3.8: C.54/55, areas with identified human remains, see Plates 3.93.15
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Plate 3.9: C.54/55(a), detail of infant/young juvenile bones (the petrous
portion is part of the temporal bone of the cranium which houses the
components of the ear), see Plate 3.8
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Plate 3.10: C.54/55(a), detail of possible infant petrous portion (the
petrous portion is part of the temporal bone of the cranium which houses
the components of the ear) in area (a), see Plate 3.8

Plate 3.11: C.54/55(b), infant bones near south end of tank, see Plate 3.8

Plate 3.12: C.54/55(b), detail of infant femur and hand bones, possible
indication of articulation, identified at western edge of tank, see Plates 3.8
& 3.11
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Plate 3.13: C.54/55(b), detail of infant/juvenile cranial fragments with
animal bone, identified at south end of tank, see Plates 3.8 & 3.11, north to
bottom

Plate 3.14: C.54/55, north-facing wall of tank showing location of two
fragments of possible human bone
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Plate 3.15. Possible wickerwork located at northern end of tank C.54/55, see Plate
3.8
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Plate 3.16: C.56/57, locations of identified human remains, see Plates 3.17-3.23
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Plate 3.17: C.56/57(a), multiple infant/juvenile cranial bones at north end of tank,
see Plate 3.16

Plate 3.18: C.56/57(b), infant/juvenile cranial bone, identified on east side of tank,
see Plate 3.16
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Plate 3.19: C.56/57(c), multiple infant remains, identified near middle of tank, see
Plate 3.16

Plate 3.20: C.56/57(d), concentration of primarily young juvenile skeletal remains
at southern end of c.56/57, see Plate 3.16
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Plate 3.21: C.56/57(d), detail, possible articulated ribs, location indicated in Plate
3.16

Plate 3.22: C.56/57(d), detail, juvenile mandible (2-4 years) and young juvenile
vertebral arch, location indicated in Plate 3.16
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Plate 3.23: C.56/57(d), detail, collection of infant/young juvenile vertebral
fragments and ribs, suggesting possible articulation, location indicated in Plate
3.16
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Plate 3.24: C.58/59, annotated photograph of sections of identified human
remains, see Plates 3.25-3.32, with additional feature in Plate 3.33
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Plate 3.25: C.58/59 (a), multiple infant remains identified at northern end of tank,
see Plate 3.24

Plate 3.26: C.58/59 (a) detail, detail of possible infant left ilium, indicated near top
right of Plate 3.25
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Plate 3.27. C.58/59(a) detail, detail of possible infant ulna and radius, indicated
near centre of Plate 3.25

Plate 3.28: C.58/59(b), possible infant/young juvenile remains, see Plate 3.24,
detailed in Plates 3.29-3.30
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Plate 3.29: C.58/59(b) detail, possible infant hand bones, indicated in top half of
Plate 3.28

Plate 3.30: C.58/59(b), detail, possible articulated infant/young juvenile left ribs
and vertebrae, indicated in bottom half of Plate 3.28
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Plate 3.31. C.58/59(c), possible infant remains, see Plate 3.24

Plate 3.32: C.58/59, possible infant/young juvenile hand phalanx attached to wall
in northwest corner
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Plate 3.33: C.58/59, black plastic comb, see Plate 3.25 for location
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Plate 3.34: C.60/61, annotated photograph of sections of identified human
remains, see Plates 3.35-3.38
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Plate 3.35: C.60/61(a), detail of infant and juvenile bones, see Plate 3.34

Plate 3.36: C.60/61(a), detail, possible infant bones, location indicated by arrow in
Plate 3.34
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Plate 3.37: C.60/61(b), detail of infant bones, see Plate 3.34

Plate 3.38: C.60/61, unusual edge evident in timber near southern end of
tank (north to bottom, detail of inversion of Plate 3.37), which may be the
possible edge of a coffin
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Plate 3.39: C.62/63, no human skeletal remains identified

Page 75 of 234

Plate 3.40: C.64/65, annotated photograph of sections with identified
human remains, see Plates 3.41-3.42
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Plate 3.41: C.64/65(a), detail of infant cranial fragments, see Plate 3.40

Plate 3.42: C.64/65(b), detail of possible bone and infant/juvenile cranium,
see Plate 3.40
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Plate 3.43: C.84/85, annotated photograph of sections of identified human
remains, see Plates 3.44-3.50
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Plate 3.44: C.84/85(a), spread of infant bones, see Plate 3.43 (n.b. ‘?infant
petrous portion’ refers to the ‘infant left temporal’ highlighted in Plate
3.45)

Plate 3.45: C.84/85(a), detail, left temporal of infant 0-5 months, see Plate
3.44
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Plate 3.46: C.84/85(a), detail, multiple infant bones, including a possibly
articulated radius and ulna, see Plate 3.44

Plate 3.47: C.84/85(b), possible infant bones along western edge, see Plate
3.43
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Plate 3.48: C.84/85(c), detail of probable infant human bones near south
end of tank, see Plate 3.43

Plate 3.49: C.84/85(c), detail, infant remains with evidence of articulation,
see Plate 3.48
Page 81 of 234

Plate 3.50: C.84/85(d), single possible bone fragment adjacent to east wall,
see Plate 3.43
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Plate 3.51: C.86/87, no human skeletal remains were visible in this tank
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Plate 3.52: C.88/89, annotated photograph of sections of identified human
remains, see Plates 3.53-3.60
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Plate 3.53: C.88/89(a), multiple bones of infants/young juvenile (<6 years),
see Plate 3.52

Plate 3.54: C.88/89(b), multiple bones of infants/young juvenile (<6 years),
see Plate 3.52
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Plate 3.55: C.88/89(c), multiple bones of infants/young juvenile (<6 years),
see Plate 3.52
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Plate 3.56: C.88/89(d), multiple bones of infants/young juvenile (<6 years),
see Plate 3.52

Plate 3.57: C.88/89(e), multiple bones of infants (<1 year) and young
juvenile (1.5-2.5 years), see Plate 3.52
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Plate 3.58: C.88/89(e), detail, maxillary teeth of disarticulated cranium,
with estimated age-at-death of c. 1.5-2.5 years, also an infant vertebral arch
fragment, north to bottom, see Plate 3.57

Plate 3.59: C.88/89(e), detail, infant (<1 year) as indicated by humeri, and
young juvenile (1-6 years), as indicated by vertebra and cranium, along
west side of tank, see Plate 3.57
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Plate 3.60: C.88/89(e), detail, infant (<1 year) as indicated by ribs,
humerus, and vertebral fragment, and young juvenile (1.5-2.5 years), as
indicated by cranium, southwest corner, see Plate 3.57
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Plate 3.61: C.90/91, annotated photograph of sections of identified human
remains, see Plates 3.62-3.69, and Plate 3.70
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Plate 3.62: C.90/91(a), human skeletal remains, see Plate 3.61

Plate 3.63: C.90/91(b), probable infant bones, see Plate 3.61
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Plate 3.64: C.90/91(b), detail, showing possible articulation, see Plate 3.61
& 3.63

Plate 3.65: C.90/91(b), detail, showing possible articulation, north to
bottom, see Plate 3.61 & 3.63
Page 92 of 234

Plate 3.66: C.90/91(c), infant/juvenile remains near southwest corner, see
Plate 3.61

Page 93 of 234

Plate 3.67: C.90/91(c), detail, multiple sets of ribs of infant/young juveniles
(<6 years), see Plate 3.66

Plate 3.68: C.90/91(c), detail, right ribs and right scapula of infant/young
juvenile (<6 years), detail of Plate 3.67
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Plate 3.69. C.90/91(c), detail, possibly largely intact cranium of
infant/young juvenile (<6 years), detail of Plate 3.67

Plate 3.70: Blue shoe of young juvenile (<6 years), detail from Plate 3.61
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Plate 3.71: C.92/93, annotated photograph of sections of identified human
remains, see Plates 3.72-3.76
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Plate 3.72: C.92/93(a), possibly relatively intact cranium of detail of young
juvenile (1-6 years), see Plate 3.71
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Plate 3.73: C.92/93(b), possible young juvenile (1-6 years) mandible, with
cranial fragments and possible hand phalanx, see Plate 3.71

Plate 3.74: C.92/93(c), multiple bones including long bones of juvenile c. 2
years, see Plate 3.71

Plate 3.75. C.92/93(d), left ribs and possible scapula of possible young
juvenile (1-6 years), see Plate 3.71
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Plate 3.76: C.92/93(e), possible cranial fragment, see Plate 3.71
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Plate 3.77: C.94/95, annotated photograph of sections of identified human
remains, see Plates 3.78-3.83
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Plate 3.78: C.94/95(a), probable infant left femur, see Plate 3.77

Plate 3.79: C.94/95(b), probable young juvenile (1-6 years) cranium, see
Plate 3.77
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Plate 3.80: C.94/95(c), concentration of probable young juvenile (1-6
years) bones, see Plate 3.77

Plate 3.81: C.94/95(c), detail of unidentified vertebra with at least partial
fusion to neural arch, possibly aged 4-6 years, see Plate 3.80
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Plate 3.82: C.94/95(d), concentration of young juvenile (1-6 years) cranial
bones, see Plate 3.77

Plate 3.83: C.94/95(e), left maxilla of a probable young juvenile (1-6 years),
see Plate 3.77
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Plate 3.84: C.96/97, annotated photograph of sections of identified human
remains, see Plates 3.85-3.87

Plate 3.85: C.96/97(a), identified human skeletal remains, see Plate 3.84

Plate 3.86: C.96/97(b), multiple infant bones at south end of tank, see Plate
3.84
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Plate 3.87: C.96/97(b), detail, relatively intact infant cranium with possibly
associated vertebrae, see Plate 3.86
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Plate 3.88: C.98/99, annotated photograph of sections of identified human
remains, see Plates 3.89-3.91
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Plate 3.89: C.98/99(a), possible infant cranial remains at northern end, see
Plate 3.88

Plate 3.90: C.98/99(b), possible young juvenile vertebral body, see Plate
3.88
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Plate 3.91: C.98/99(c), possible juvenile cranial fragment, see Plate 3.88
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Plate 3.92: C.100/101, human remains (a) identified underneath fallen
concrete slab, location approximate, see Plates 3.93-3.94
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Plate 3.93: C.100/101(a), young juvenile cranial remains underneath
collapsed concrete slab, view from north, see Plates 3.92 and 3.94

Plate 3.94: C.100/101(a), detail, close up of cranial bones shown in Plate
3.93
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Plate 4.1 and 4.2: Castrol Bottle

Plate 4.3: Castrol Logo Chronology, courtesy of BP International
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Plate 6.1: Plastic and steel coverings

Plates 6.2: Permeable layer
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Plates 6.3: Overburden reinstated

Plates 6.4: Gravel reinstated
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Appendix IV: Figures

Figure 2.1 Geophysical Survey of the site with the archaeological features
identified overlain.
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Figure 2.2 Annotated site matrix for Phase IIA
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Figure 2.3 and 2.4: Plan and section drawings
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Figure 4.1: C.11/82 illustrating example of debris inserted post deposition of
juvenile human remains.
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Appendix V: Context Register
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Appendix VI: Osteological Appendices

A. Annotated diagram showing main skeletal elements (after Mays 1998, 2, fig.
1.1)

B. Annotated diagram showing main elements of infant cranium (adapted from
Schaefer et al. 2009, 360)
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C. Anatomical directions(from White and Folkens 1991, 29, fig. 3.1)
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D. Osteological Terms Used (after White and Folkens 1991, 28-35; Bass 1995,
319-321)
Directions - General
Superior
Inferior

Anterior
Posterior
Medial
Lateral
Proximal
Distal
Palmar
Plantar
Dorsal
External
Internal
Endocranial
Ectocranial

toward the head of the body.

opposite of superior, body parts away from the head.
toward the front of the body.

opposite of anterior, toward the back of the individual.
toward the midline of the body.

opposite of medial, away from the midline of the body.
nearest the axial skeleton, usually used for long bones.
opposite of proximal, furthest from the axial skeleton.
relating to the hand, the palm side

relating to the foot, towards the sole of the foot

relating to the hand/foot, back of the hand, top side of the foot
outer.

opposite of external, inside.

inner surface of the cranial vault.

outer surface of the cranial vault.

Directions - Teeth
Mesial
Distal

toward the point on the midline where the central incisors meet.

Lingual -

toward the tongue.

Labial

Buccal
Incisal
Occlusal

opposite of mesial.

opposite of lingual, toward the lips.

opposite of lingual, toward the cheeks.
the biting surface of the tooth.

the chewing surface of the tooth.

General bone features/terms
Process

Eminence
Spine

Tuberosity
Tubercle
Trochanters
Malleolus
Articulation
Condyle
Epicondyle
Head
Shaft/diaphysis
Epiphysis

a bony eminence.

a bony projection, usually not as prominent as a process.

generally a long, thinner, sharper process than an eminence.

a large, usually roughened eminence of variable shape, often the site of a ligament
attachment.
a small, usually roughened eminence, often a site of a ligament attachment.
two large, prominent, blunt, rugose processes found on the distal femur.
a rounded protuberance adjacent to the ankle joint.

an area in which adjacent bones are in contact at a joint.
a rounded articular process.

a non-articular projection adjacent to a condyle.

a large, rounded, usually articular end of a bone.

the long, straight section between the ends of a long bone.

usually the end portion or extremity of a long bone which is expanded for articulation.

Page 127 of 234

Neck
Torus Ridge
Crest
Line
Facet
Metaphysis
Osteoblastic
Osteoclastic

the section of a bone between the head and the shaft.
a bony thickening.

a linear bony elevation, often roughened.

a prominent, usually sharp and thin ridge of bone.

a raised linear surface, not as thick as a torus or as sharp as a crest.
a small articular surface, or tooth contact.

a line of junction between epiphysis and diaphysis.
process of bone formation

process of bone resorption

Other osteological terms/abbreviations
C1-C7
CEJ

DJD
T1-T12
TMJ
L1-L5
S1-S5
MCMT
IAM
EAM
MN
CPR
TPR
SN/s

cervical vertebrae (neck) numbered from 1-7.

cemento-enamel junction, junction of crown of tooth and root.
degenerative joint disease.

thoracic vertebrae (torso) numbered 1-12.

tempromandibular joint, joint of lower jaw.

lumbar vertebrae (lower back) numbered 1-5.

sacral vertebrae (in between left and right pelvis) numbered 1-5.

metacarpal (bones of the palm of the hand), may be numbered 1-5.
metatarsal (bones of the arch of the foot), may be numbered 1-5.
Internal Auditory Meatus in temporal bone of cranium.

External Auditory Meatus in temporal bone of cranium.
Minimum Number of Individuals.
Crude Prevalence Rate.
True Prevalence Rate.

Schmorl’s nodes, depression defects in the vertebral bodies, associated with herniation of intervertebral
disk.
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Appendix VII: Environmental Sampling Report

Joint Report
The Characterisation of Samples
For Niamh McCullagh and
The Mother and Baby Homes Commission of Investigation
(Criminal Procedure Rules [2015] Parts 16 and 19; Criminal Justice Act 1967, s. 9)

Report of

Professor Lorna DAWSON, Dr Tom SHEPHERD and Dr Bob MAYES

Qualifications
BSc, PhD, C.Sci, F.I.Soil Sci, FRSA (LD);
BSc, PhD (TS);
BSc, MSc, PhD (BM),
Age

Over 18

Occupations

Soil Scientist, Volatile Organic Chemist and Organic Chemist

Address

James Hutton Institute
Craigiebuckler
Aberdeen
AB15 8QH

I (Lorna DAWSON, Tom SHEPHERD and Bob MAYES) DECLARE THAT:
1.

I understand that my duty is to help the court to achieve the overriding objective by giving independent
assistance by way of objective, unbiased opinion on matters within my expertise, both in preparing reports and
giving oral evidence. I understand that this duty overrides any obligation to the party by whom I am engaged or
the person who has paid or is liable to pay me. I confirm that I have complied with and will continue to comply
with that duty.

2.

I confirm that I have not entered into any arrangement where the amount or payment of my fees is in any way
dependent on the outcome of the case.

3.

I know of no conflict of interest of any kind, other than any which I have disclosed in my report.

4.

I do not consider that any interest which I have disclosed affects my suitability as an expert witness on any
issues on which I have given evidence.

5.

I will advise the party by whom I am instructed if, between the date of my report and the trial, there is any
change in circumstances which affect my answers to points 3 and 4 above.

6.

I have shown the sources of all information I have used.

7.

I have exercised reasonable care and skill in order to be accurate and complete in preparing this report.
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Addendum to Report
The Characterisation of Samples
For Niamh McCullagh and
The Mother and Baby Homes Commission of Investigation
(Criminal Procedure Rules [2015] Parts 16 and 19; Criminal Justice Act 1967, s. 9)

Report of

Professor Lorna DAWSON, Dr Tom SHEPHERD and Dr Bob MAYES

Qualifications
BSc, PhD, C.Sci, F.I.Soil Sci, FRSA (LD);
BSc, PhD (TS);
BSc, MSc, PhD (BM),
Age

Over 18

Occupations

Soil Scientist, Volatile Organic Chemist and Organic Chemist

Address

James Hutton Institute
Craigiebuckler
Aberdeen
AB15 8QH

I (Lorna DAWSON, Tom SHEPHERD and Bob MAYES) DECLARE THAT:
1.

I understand that my duty is to help the court to achieve the overriding objective by giving independent assistance
by way of objective, unbiased opinion on matters within my expertise, both in preparing reports and giving oral
evidence. I understand that this duty overrides any obligation to the party by whom I am engaged or the person
who has paid or is liable to pay me. I confirm that I have complied with and will continue to comply with that
duty.

2.

I confirm that I have not entered into any arrangement where the amount or payment of my fees is in any way
dependent on the outcome of the case.

3.

I know of no conflict of interest of any kind, other than any which I have disclosed in my report.

4.

I do not consider that any interest which I have disclosed affects my suitability as an expert witness on any issues
on which I have given evidence.

5.

I will advise the party by whom I am instructed if, between the date of my report and the trial, there is any change
in circumstances which affect my answers to points 3 and 4 above.

6.

I have shown the sources of all information I have used.

7.

I have exercised reasonable care and skill in order to be accurate and complete in preparing this report.
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8.

I have endeavoured to include in my report those matters, of which I have knowledge or of which I have been
made aware, that might adversely affect the validity of my opinion. I have clearly stated any qualifications to my
opinion.

9.

I have not, without forming an independent view, included or excluded anything which has been suggested to me
by others including my instructing lawyers.

10. I will notify those instructing me immediately and confirm in writing if for any reason my existing report requires
any correction or qualification.
11. I understand that:
(a) my report will form the evidence to be given under oath or affirmation;
(b) the court may at any stage direct a discussion to take place between experts;
(c) the court may direct that, following a discussion between the experts, a statement should be prepared showing
those issues which are agreed and those issues which are not agreed, together with the reasons;
(d) I may be required to attend court to be cross-examined on my report by a cross-examiner assisted by an
expert.
(e) I am likely to be the subject of public adverse criticism by the judge if the Court concludes that I have not
taken reasonable care in trying to meet the standards set out above.
12. I have read Part 19 of the Criminal Procedure Rules and I have complied with its requirements.
13. I confirm that my discipline does not have a material code to adhere to.
14. I confirm that I have read guidance contained in a booklet known as Disclosure: Experts’ Evidence and Unused
Material which details my role and documents my responsibilities, in relation to revelation as an expert witness.
I have followed the guidance and recognise the continuing nature of my responsibilities of disclosure. In
accordance with my duties of disclosure, as documented in the guidance booklet, I confirm that:
(a) I have complied with my duties to record, retain and reveal material in accordance with the Criminal
Procedure and Investigations Act 1996, as amended;
(b) I have compiled an Index of all material. I will ensure that the Index is updated in the event I am provided
with or generate additional material;
(c) in the event my opinion changes on any material issue, I will inform the investigating officer, as soon as
reasonably practicable and give reasons.
I confirm that the contents of this report are true to the best of my knowledge and belief and that I make this report
knowing that, if it is tendered in evidence, I would be liable to prosecution if I have wilfully stated anything which I
know to be false or that I do not believe to be true.

Signed

Dated the 26th June 2017

Signed

Dated the 26th June 2017

Signed

Dated the 26th June 2017
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1. Qualifications and Experience
Prof. Lorna DAWSON
I am employed as a principal research scientist at the James Hutton Institute, Aberdeen, Scotland,
where I am Head of the Soil Forensics Section and hold the qualifications of BSc (Honours)
Geography (Edinburgh University, 1979), and a PhD in Soil Science (Aberdeen University, 1984). I
am a visiting Professor in Forensic Science at the Robert Gordon University. I am a Fellow of the
British Society of Soil Science, a Fellow of the Royal Society of the Arts, a Chartered Scientist and
hold an Expert Witness certificate in both Criminal and Civil Law (Cardiff University, 2011, 2012). I
have published widely on the subject of forensic soil science; published over 80 refereed publications,
books and book chapters. I am an Expert Advisor with the National Crime Agency, have worked with
numerous police forces in Scotland, England, Wales, Ireland & Australia over the last 12 years and
have advised on over 100 cases, written over 70 Expert Witness reports, and presented evidence in
10, in the UK and overseas. During the past 12 years I have encountered the evidence type involved
in this case on several occasions.

Dr Tom SHEPHERD
I am a senior research chemist employed at the James Hutton Institute, Dundee, Scotland holding the
qualifications of BSc (Honours) Chemistry (University of St Andrews, 1980) and a PhD in Synthetic
Organic Chemistry (University of St Andrews, 1983). I am an expert in the use of techniques such as
automated thermal desorption (ATD) and solid-phase micro-extraction (SPME), coupled with GC-MS,
for entrainment and analysis of volatiles. A main element of my research is the analysis of volatile
chemicals, compiling an extensive database of chromatographic characteristics from a wide range of
different matrices. During the past two years I have encountered the evidence type involved in this
case on several occasions.

Dr Bob MAYES
I am a Research Associate at the James Hutton Institute where I was previously head of the Ecological
Sciences GC and GC-MS laboratories, and hold the qualifications PhD from Queen’s University of
Belfast, MSc in Animal Nutrition from the University of Aberdeen and BSc in Physiology and
Biochemistry of Farm Animals from Reading University. I am an expert in the analysis of wax markers
and my research interests revolve around the application of this biomarker technology to measuring
dietary intake, digestibility and plant species composition in grazing herbivores and to the chemical
characterisation of soil organic matter as applied in criminal investigations. I have worked with a
number of police forces in Scotland, England, Wales & Ireland over the last 6 years, have written over
16 Expert Witness reports, and presented evidence in court with two of them. During the past 6 years
I have encountered the evidence type involved in this case on several occasions.
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2. Addendum to summary of findings
Summary from first report on sample received 4th November 2016
1.1 The sample examined was not a typical soil. It was shown from GC-MS analysis that
there are markers of faeces (cholesterol, faecal stanols and faecal bile acids) in the
sample.
1.2 The observed patterns of these individual markers were typical of human faeces, and not
of faeces from any herbivore (e.g. sheep, cattle, horses or rabbits), pigs or dogs.
1.3 However, despite the high organic matter content of the sample, the concentrations of
faecal markers were extremely low, compared with levels expected from decomposed
faecal material (such as sewage sludge, septic tank sludge or manure). Thus either the
faecal material had been considerably diluted by the presence of non-faecal organic
matter, or the faecal markers had come from another source.
1.4 The possibility that the faecal markers found in the sample had originated from
decomposing cadavers is a possibility.
1.5 The fatty acid, 10-hydroxy stearic acid, which is a recognised body decomposition
marker, was found in the sample at low levels, but its origin in this case was not clear,
because it is also found in human faeces. Any association of cadaver decomposition with
the presence of faecal bile acids has yet to be established.
1.6 An unusual feature about the n-alkane/alcohol/sterol results of the sample examined was
the exceptionally high levels of the plant sterols, β-sitosterol and campesterol, together
with low (but detectable) concentrations of plant-wax n-alkanes and fatty alcohols. The
observed n-alkane and long-chain fatty alcohol patterns were typical of those found in
grasses and other higher plants, but their low concentrations relative to the plant sterol
levels in the sample suggest that decomposed plant material was unlikely to be the
source of these compounds in this sample.
1.7 There is the possibility that it was infant matter that was in the sample (including infant

faecal matter) and that the high levels of plant sterols we detected in the sample could be
as a result of infants being fed with formula milk containing vegetable oils. (Nearly all
formula milks contain vegetable oils). The relative levels of plant sterols, n-alkanes and
fatty alcohols in vegetable oils are similar to those found in the current analysed sample.
Furthermore, although the patterns of n-alkanes and fatty alcohols can vary according to
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the type of vegetable oil, the patterns found in the sample examined were compatible
with certain individual oils, or mixtures of oils.
1.8 The concentration patterns of stanols and sterols and hydrocarbons found in the sample
are not compatible with that of sewage from human adults or from individuals eating solid
food.
1.9 The alcohol/sterol fraction and hydrocarbon fraction profiles suggest that the sample
examined is not material originating from a sewage treatment plant, septic tank or
cesspit. It is unlikely that the specific location of the questioned case sample was a
receptacle for sewage.
1.10

The sample does contain indicators which suggest that human faeces are present.

However, the markers present are not compatible with that of sewage from human adults or
children eating solid food. It has not originated wholly from a sewage treatment plant or
wholly from adult faeces.

Summary of findings from second report on samples received on 15th February 2017
➢ 2.1 It can be confirmed from our examination that there is evidence that the site had
previously been used as a sewage facility. Cholesterol, faecal stanols (coprostanol,
epicoprostanol, 24-ethyl coprostanol and 24-ethyl epicoprostanol) and faecal bile acids
(biomarkers found in human sewage) were detected in all samples analysed for solid organic
compounds. However, during decomposition of animal (including human) bodies large
quantities of cholesterol are released; coprostanol and epicoprostanol have also been found
in association with body decomposition. Whilst these biomarkers are found both in sewage
and in decomposing bodies, the relative concentration patterns would be expected to differ
greatly between faecal (sewage) and body decomposition origins – in faeces and sewage,
cholesterol concentrations are much lower than those of coprostanol + epicoprostanol,
whereas cholesterol concentrations in body decomposition material would be expected to be
considerably higher than these stanol concentrations. The high stanol: cholesterol ratio
(Figure 2) found in sample 11 suggests that for this sample, the solid biomarkers had
originated from predominantly sewage; the lower ratios observed in the other samples from
the chambers suggest mixed origins from sewage and from decomposed bodies. Whilst the
presence of faecal bile acids suggests that sewage had at some time in the past been
present in all of the chambers providing the analysed samples, the possibility that faecal bile
acids can be released during body decomposition cannot be categorically ruled out;
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currently, there does not appear to be any published evidence that faecal bile acids are
produced during the process of human or animal body decomposition.
Other points:
o

Coprostanol and epicoprostanol are produced in the guts of most mammals by
microbial hydrogenation of cholesterol (endogenous and from dietary animal
products). 24-Ethyl coprostanol and 24-ethyl epicoprostanol are produced in the gut
from β-sitosterol (from dietary plant products).

o

In human sewage coprostanol+epicoprostanol concentrations are normally one to
three times the concentrations of 24-ethyl coprostanol+24-ethyl epicoprostanol. If
much of the coprostanol and epicoprostanol found from body decomposition
originates from released cholesterol rather than from the gut contents (not yet
confirmed to be the case), it would be expected that human body decomposition
coprostanol+epicoprostanol concentrations would be very much higher (>3 times)
than 24-ethyl coprostanol+24-ethyl epicoprostanol concentrations. However, βsitosterol concentrations were relatively high in some of the analysed samples
(notably in sample 2). Because this compound is the source of 24-ethyl coprostanol
and 24-ethyl epicoprostanol, bodies with high levels of β-sitosterol in the gut contents
(suggested as coming from baby formula milk) could result in lower than expected
coprostanol+epicoprostanol:24-ethyl coprostanol+24-ethyl epicoprostanol
concentration ratios.

➢ The results of this series of tests cannot establish categorically whether the sewage facility
was being used at the time when the human remains were deposited. It is a matter of historic
record to establish when and how long the facility was used.
➢ The results of this series of tests cannot establish categorically whether the nondecomposed human remains had been deposited in the chambers, or whether the bodies
have previously been stored (and decomposed) elsewhere, with mainly bones being placed
in the chambers.

2.2 It is not possible to determine the extent to which the deposited human infant remains
which are known to be present may have contributed to this, or to what extent human
faecal material may also have done so.
2.3 The presence of VOC hotspots within the northern and western boundary samples but
not the southern and eastern boundary samples is of note. A number of the hotspots for
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compounds characteristic of bone decomposition, particularly ketones, but also aliphatic
alcohols and n-aldehydes, are found at locations with high bone densities.
2.4 However, the concentrations of the solid organic biomarkers in the analysed samples
were very low, much lower than would be expected if the analysed material had entirely
originated from human sewage waste.
2.5 The samples collected from the site boundaries (negative control samples; samples 55
and 57) had generally lower biomarker concentrations than the samples collected from
within the chambers where remains were located.
2.6 10-Hydroxy stearic acid, cholesterol and the faecal stanols, coprostanol and
epicoprostanol have been recognised as being products of the decomposition of
mammalian remains (including human), and their concentration patterns generally differ
from those of human sewage material. The presence of these compounds in the samples
collected from the chambers could, at least in part, have come from decomposed human
bodies.
2.7 The reasons for the low biomarker concentrations found in the samples are not easy to
assess. If the chambers represented a closed cesspit or a number of cesspits, it is
possible that the collected sewage had been removed before depositing the human
cadaver material; soil may have been added at the same time, or soil may have seeped
in from the roof area of the chambers. If there were one or more piped out flows (i.e. the
facility was a septic tank, or was connected to a sewer outflow), it would be expected that
little sewage would be left behind.
2.8 Samples 55 and 57 (west boundary and east boundary locations respectively) and
sample 14 (no visible human remains) have different isotopic profiles to the other
samples examined, reflecting possibly a lesser influence from human remains (or human
sewage).
2.9 It is likely that some signature due to faecal material is present, but it is also likely that the

human remains have also contributed to the signatures observed, and the presence of
compounds associated with decomposition of bone at locations of high bone density in
the samples is suggestive of this.

3. Further considerations on faecal markers and decomposition
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3.1 Relative proportions of sterols and stanols (cholesterol, β-sitosterol, coprostanol, 24ethylcoprostanol) indicate the faecal source (e.g. herbivores, omnivores, birds).
Coprostanol, epicoprostanol, 24-ethylcoprostanol and 24-ethyl-epicoprostanol originate from faeces
or cadaver decomposition.
3.2 High levels of cholesterol, coprostanol and epicoprostanol are found in soils adjacent to, or
underlying decomposing cadavers.
Figure 1 Concentration (mg/kg) of epicoprostanol in samples analysed for solid organic markers
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3.3 Fresh faecal material typically has low levels of epicoprostanol and 24-ethylepicoprostanol
compared with their respective isomers, coprostanol and 24-ethylcoprostanol, while old faecal
sources have relatively high levels of the former compounds (epicoprostanol and 24ethylepicoprostanol). It is not known whether cadaver decomposition over time has similarly
changing levels of these compounds
3.4 24-Ethylcoprostanol originates from sitosterol, whereas the 'epis' are associated with faecal age.
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Figure 2. Ratio of faecal stanols (coprostanol and epicoprostanol) to cholesterol in samples
analysed for solid organic markers.
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3.5 Most of the analysed samples had relatively high concentrations of beta-sitosterol- higher than
expected from cadaver decomposition, and higher than expected from human adults or children
eating solid food. The reason for the relatively high betasitosterol concentrations are not clear, but it
is possible that the source was faeces, or cadaver gut contents from infants receiving formula milk
containing vegetable oils. However, the two external control samples also had relatively high values
for beta-sitosterol, although this may have come from vegetation associated with these samples.

Figure 3. Beta-sitosterol concentration (mg/kg) in samples analysed for solid organic markers.
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3.6 Possible strategy for initial further work would be:
1. to complete the analysis of all the samples for organics and isotopes to accompany the
VOCs.
2. Select some appropriate sewage samples of different ages for VOC and isotope analysis.

Comments:
4.1 There are currently several issues which hamper detailed interpretation.
4.2 One is the considerable passage of the time since the potential use of the facility for
storage of sewage, potential leaks into surrounding areas, and that so little is known of the
history of use of that site.
4.3 A sampling issue is that the solid organics are very spatially distributed, and grab
sampling may have introduced a high level of heterogeneity to the results. On direct contact
sampling, samples can be collected at points directly under the torso of the skeleton to
increase chances of obtaining compounds which are indicative of human decomposition.
Previous research has shown that cholesterol can be recovered from soil directly underneath
the torso, while none can be detected at the feet for example.
4.4 The other issue is that both the sewage storage and the decomposition has taken place
more than 60 years ago and there is no direct experimental data (neither pig surrogate nor
human decomposition studies) to predict what happens to compounds over that period of
time.
4.5 Another issue is that not much knowledge is known about the actual history of these
sites to give time lines of potential usage.
4.6 In addition, the negative control samples do not appear to represent no contact with
sewage (e.g. Site 55 may have been in contact with sewage which had leaked at one point in
time (per comm Niamh McC)).
4.7 In addition, some of the sites (e.g. Site 14) which had been reported not to have any
visible remains may contain human sewage or remains.
4.8 The recovery of the human remains, quantification of numbers and age, along with
careful spatial sampling with subsequent analysis of VOC, Organics and stable isotopic data
of all collected samples, along with carefully selected and collected reference samples,
would allow much improved interpretation.
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