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Summary 
A range of pre-screening criteria which could be used on-site, in museums, or the laboratory 
were tested to determine which, if any, could be used to screen those suitable for 
radiocarbon dating prior to the time-consuming and costly collagen extraction pre-treatment 
chemistry. 
 
Nearly 300 bones were analysed from 12 sites across southern England. The most 
successful screening method applied was the measurement of whole bone percent nitrogen. 
This method was consistently the most reliable predictor of suitability for radiocarbon dating. 
No other pre-screening criterion, or combination or criteria, showed a correlation with 
collagen preservation, either within the entire study or datasets from individual archaeological 
sites. 
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Introduction 
 
Radiocarbon dating provides the backbone for most archaeological chronologies in the UK, 
particularly for the prehistoric period. The gravel terraces of our river valleys produce 
significant archaeological remains which often need to be dated. Bones, particularly those 
which articulate, are crucial to these chronologies as they provide substantial samples which 
relate directly to the context from which they were recovered. 
 
However, many bones recovered from gravel sites in the UK have undergone severe 
chemical and physical degradation and subsequent microbial attack, resulting in greatly 
increased porosity and loss of up to 90% of the original collagen content. Such bones, 
therefore, have a relatively small possibility of containing sufficient collagen for reliable 
radiocarbon dating (ie more than 1% of the pristine amount) compared to bones from other 
contexts. 
 
Radiocarbon pre-treatment chemistry is costly and time-consuming and so it is often not 
feasible to attempt to date bones, especially in large numbers, from gravel sites. However, 
sites which predominantly yield bone which contain insufficient surviving collagen to date do 
include a small fraction of bones in which collagen is better retained. The main aim of this 
project was to determine which, if any, analytical criteria could best be applied to gravel-
deposited samples, and those from other sites known to yield poor bone preservation, either 
prior to their submission to the laboratory or during an initial screening process at the 
laboratory, to assess which bones might be successfully dated. Identification of any suitable 
diagnostic tests would make the dating of such sites more successful from a scientific 
standpoint, as well as faster and less costly. 

 
 
Methods and Sampling 
 
Samples of 298 human and animal bones (including Sus scrofa, Bos primigenius, Bos 
taurus, Ovis aries) were selected from 12 sites across southern England (Table 1). These 
were chosen to represent a range of contexts where bone preservation is thought to be poor 
or variable. A wide selection of bones, including femura, humeri, metacarpals, vertebrae, 
mandibula and scapulae, as well as antler, were sampled across a range of ages, from 
Neolithic to early medieval. 
 
All of the bones were subjected to an initial screening process, which was designed to be 
used by archaeologists on-site or in museums. The criteria measured were: 
 

• hardness 
• colour (HSB: hue, saturation, brightness) 
• dry bone bulk powder density 
• microporosity. 

 
Data from these bones was considered for scatter and range in the various measures. A total 
of 140 sub-samples were randomly selected and a further 60 selected judgementally to cover 
specific cases missed in the random selection. These 200 bones were subjected to further 
diagnostic tests which could be carried out in the laboratory prior to pre-treatment for 
radiocarbon dating. These were: 
 

• Fourier Transform Infra Red spectroscopy (FTIR) 
• percent nitrogen and carbon analysis 
• C:N atomic ratio of whole bone 

 
The data produced for these bones was evaluated and half of the randomised samples (70) 
were selected again at random for full radiocarbon pre-treatment (using methods described 
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in Bronk Ramsey et al., 2004). An additional 30 samples were chosen specifically to include 
those with as wide a range of values for the initial analyses as possible, although samples 
with very low nitrogen (<0.5%) were usually avoided as they were assumed to be unlikely to 
yield sufficient collagen for radiocarbon dating. The percentage yield of collagen, insoluble 
residue, and <30kD residue were calculated for each sample, and the stable isotopic values 
(δ13C, δ15N) and C:N atomic ratio of the purified collagen measured.  
 
On the basis of the results observed throughout the study, 20 samples were selected for 
amino acid analysis, and 18 samples for small-angle X-ray scattering (SAXS) to represent 
samples with varying preservation states and from a range of sites. 

 
 
Results 
 
The results were studied to identify if any one, or any combination of, the diagnostic tests 
could be used to identify bones suitable for radiocarbon dating, and if any site specific trends 
could be observed. Details of the methods employed are provided in Appendix I; the data are 
provided in Appendices II and III. 
 
Hardness: Hardness was measured using a modified Shore pencil durometer; the lower the 
value, the harder the bone. The hardness measurements ranged from 5 to 72 (arbitrary 
units) but failed to show any correlation with collagen preservation (Fig 1a). Some bones had 
very soft outer layers, and hence very high hardness values, but were actually much harder 
and well preserved under the surface. Other bones yielding low hardness values were simply 
brittle and poorly preserved. Several bones shattered on testing. 
 
Colour: Neither hue, saturation, brightness, nor any combination of the three characteristics 
provided any indication of suitability for radiocarbon dating (Fig 1b). Bones tended to fall into 
several categories according to their colour following surface cleaning: those that became 
much darker (eg Fig 2a); those that were much lighter in colour beneath the surface (eg Fig 
2b); and those that were unchanged (eg Figs 2c,d). Occasionally bones appeared to have 
several differently coloured layers beneath their surface. None of these observations 
provided any indication of collagen preservation. 
 
Microporosity: Microporosity is defined as the volume of water uptake per gram of dried bone 
up to a relative humidity of 76%, which corresponds to all pores up to the theoretical 
diameter of 4nm being full of water. This has been suggested to be an indicator of bone 
diagenesis, as loss of protein has been observed to be reflected by both a loss in 
microporosity and an increase in crystallinity (Hedges et al 1995). Microporosity values in this 
study ranged from 0.07–0.19 cm3g−1, higher than the values of 0.025–0.105 cm3g−1 reported 
from three archaeological sites by Hedges et al. (1995). This may be due to the small sample 
size used here, and by occasional inconsistencies in bone powder size (caused either by the 
use of different drill bits by different samplers or by fragmenting of the bone on sampling), but 
no correlation was observed between microporosity and the amount of collagen preserved in 
this study (Fig 1c).  

 
Bulk powder density; These results may have been influenced by the same sample size 
issues as the microporosity samples, but again, no correlation between collagen preservation 
and bulk bone powder density was observed (Fig 1d). It should be noted that the bulk 
powder density values listed in this study of 0.24–0.52 gcm−3 are relative to each other, but 
that they may not be directly comparable to those in other published studies which analysed 
density of intact samples of bone. For example, Turner-Walker and Parry (1995) state that 
modern bone has a bulk density of ~ 2.0 gcm−3, and poorly preserved archaeological bone a 
bulk density of ~ 0.8 gcm−3. 
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FTIR: Modern bone normally contains 60–70% by weight of carbonated apatite crystals with 
a structure and composition similar to the mineral dahllite (Stiner et al 1995; Wright and 
Schwarz 1996). Infrared spectra of whole bone powder can provide both information on the 
crystallinity of the carbonate apatite crystals and a semi-quantitative estimate of the relative 
carbonate content of the mineral phase. 
 
The crystallinity index or “splitting factor” (SF) of bone is calculated from the extent of splitting 
of the phosphate absorption peaks at ~603cm−1 and 565cm−1, as defined by Termine and 
Posner (1966) and Weiner and Bar-Yosef (1990). This represents a combination of both the 
relative sizes of the crystals and the extent to which the atoms are ordered within the lattice 
(Weiner and Bar-Yosef 1990).  
 
During diagenesis, large crystals tend to grow at the expense of smaller ones, either rapidly 
over a period of a few months or years via weathering, or over many millennia during normal 
fossilization (Stiner et al 1995). Selective dissolution of more soluble, less ordered crystals 
may also occur in archaeological bones (Wright and Schwarz 1996). As recrystallization 
takes place, the two phosphate peaks become increasingly separated from each other, and 
this is reflected in the splitting factor: the higher the SF, the larger and/or the more ordered 
the crystals (Weiner and Bar-Yosef 1990). 
 
Splitting factors of 2.5–2.9 have been recorded for fresh bones (Weiner and Bar-Yosef 1990; 
Stiner et al 1995; Sillen and Parkington1996), and values of ~ 7 have been observed for 
highly fossilised or calcined bones (Weiner and Bar-Yosef 1990). All samples in this study 
had splitting factors of 3.6 and above, indicating that they were degraded to varying extents. 
There was no correlation in this study between splitting factor and percent collagen yield (Fig 
3a). 
 
The splitting factor is measured at the end of the spectrum, between ~ 500 and 750 cm−1 
and, in some cases, the spectrum was very poor and noisy, especially in the cases of very 
degraded bones. Despite baseline correction, this may have resulted in a slight elevation of 
the SF but not sufficiently to affect any correlation with collagen preservation. It should also 
be noted that SF has been observed to vary greatly throughout individual bones (Stiner et al 
1995). 
 
Carbonate content can be estimated from the ratio of the CO3 and PO4 absorbances at 
1417cm−1 and 1035cm−1 respectively (Wright and Schwarz 1996). Loss of carbonate due to 
post-depositional recrystallization and hydroxyapatite alterations and/or burning results in 
lowering of the C:P ratio (Stiner et al 1995). The lower the C:P ratio, the more crystalline the 
bone. 
 
Natural biogenic carbonate in bone has a C:P ratio of ~ 0.360 (Nielsen-Marsh, 1997 unpubl). 
In this study, C:P values ranged from 0.20 to 0.31, with the exception of 4 samples. These 
samples, 44 (from Eynesbury), 94, 97 (both from the Haddenham causewayed enclosure), 
and 175 (Etton causewayed enclosure) had C:P ratios of 0.61, 0.43, 0.34 and 0.33 
respectively. Calcite peaks were observed at ~ 710cm−1 in the FTIR spectra of all of these 
samples (but not in any other spectra) and may suggest growth of diagenetic calcite within 
the bone, especially for sample 44 (Eynesbury) The presence of calcite was reflected in the 
δ13C of the whole bone, particularly for sample 44 which has the largest calcite peak and the 
most enriched δ13C value of −11.7‰ (the majority of samples have δ13C values which lie in 
the range −15 to −23‰). None of these samples were submitted for full radiocarbon pre-
treatment, but they would all be expected to yield little collagen as none contained more than 
0.2% nitrogen.  All 5 samples with C:P ratios of 0.30 which were subjected to full pre-
treatment yielded >1% collagen, but otherwise there was no correlation between C:P ratio 
and collagen preservation (Fig 3b).  
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Several studies have demonstrated that the relationship between C:P ratios and SF has 
reasonably good correlation with other pre-screening techniques (eg Petchey and Higham 
2000). Sillen and Parkington (1996) also identified a very good correlation between SF and 
percent nitrogen in archaeological bones from one site in South Africa. In this study, there 
appears to be some correlation between samples with high SF (greater than ~ 4.8) and low 
C:P ratios (less than ~ 0.20) and preservation of collagen (Fig. 3c), but the relationship is not 
strong enough to use as a diagnostic test. Otherwise, no correlation within either the entire 
dataset or those of individual archaeological sites was found between C:P ratios and SF, or 
between either C:P or SF and any other pre-screening criteria.  
 
Percent carbon and nitrogen analysis: Modern whole bone contains ~14% carbon (%C) 
(Sillen & Parkington, 1996). In this study, values ranged from 1.3 to 12.0% and all samples 
with 7.2%C and above yielded > 1% weight collagen and were therefore suitable for 
radiocarbon dating (Fig. 4a). However, there was no significant correlation between % weight 
collagen and %C, as the technique cannot distinguish between carbon present in collagen or 
contaminant. 
 
Percent nitrogen (%N) values for whole bone provide an indication of protein survival as 
nitrogen in bone is derived solely from the proteinaceous component. %N can be used to 
indicate whether or not there is sufficient collagen in the bone for radiocarbon dating to be 
successful. The value will not, however, identify whether the nitrogen is present as collagen 
or as contaminants, nor will it specify the amount of non-nitrogenous soil-derived organic 
matter present (Hedges and van Klinken 1992). 
 
Fresh bone contains ~ 4% nitrogen (Stafford et al 1988; Ambrose 1993). In this study, the 
maximum nitrogen detected was 3.7% (sample 210, Cleveland Farm). All samples with more 
than 2% nitrogen which underwent pre-treatment yielded sufficient collagen for AMS 
radiocarbon dating (2.4–6.5% wt collagen) but the majority of samples contained 1% nitrogen 
or less (Fig. 4b). 

 
However, of the pre-screening techniques investigated in this study, %N of whole bone was 
the most reliable tool for identifying samples with sufficient collagen for radiocarbon dating. 
Linear regression analysis demonstrated that if 0.76% N is chosen as the threshold, 84% of 
those bones will be correctly identified as dateable or not dateable (Fig. 4b). Where C = % 
weight collagen and N = % nitrogen of whole bone: 

Cpred = a + bN 
 

(a = -0.02 ± 0.15, b = 1.36 ± 0.12 and R = 0.759). 
 
Inclusion of the %C and/or the C:N atomic ratio of bone in the linear regression increased the 
prediction success to 85%, which is not significantly better. 
 
C:N atomic ratio of whole bone: The C:N atomic ratio of whole bone can provide an 
indication of the general state of preservation of the collagen, the extent to which 
deamination has taken place and/or the extent of contamination by exogenous carbon-
containing compounds such as humic acids (Tisnérat-Laborde et al 2003). A C:N ratio of 
greater than 5 demonstrates extensive diagenesis and/or the presence of a high proportion 
of humics (Tisnérat-Laborde et al 2003).  
 
Samples within this study produced C:N atomic ratios of 3.6–98.1, although only 16% of the 
200 samples analysed had ratios less than 5. In general, this study suggests that bones with 
C:N ratio of greater than ~6.5–7.0 are not suitable for radiocarbon dating, but one sample 
(number 126, Berinsfield) yielded 1.1% wt collagen on pre-treatment with a C:N ratio of 8.7 
(Fig. 4c). 
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Full radiocarbon pre-treatment: Modern fresh bone typically contains ~ 22% wt collagen (van 
Klinken 1999). At the Oxford Radiocarbon Accelerator Unit, samples yielding less than 1% wt 
collagen after full pre-treatment are failed and not submitted for AMS dating. Of the 100 
samples which underwent full radiocarbon pre-treatment, only 45 yielded greater than 1% wt 
collagen and were therefore deemed suitable for dating (Table 2).  
 
The bones from Berinsfield generally demonstrated good preservation, as did those from 
Holloway Lane and Bestwall Quarry. It should be noted that the differing yields of collagen 
between samples from Berinsfield recorded in this study and those published by Privat et al 
(2002) are most likely due to differences in pre-treatment procedures: Privat et al used only 
an acid wash prior to gelatinization, and did not include the base wash and ultrafiltration 
utilized in this study and currently as standard for radiocarbon dating at the Oxford 
Radiocarbon Accelerator Unit (Bronk Ramsey et al 2004).  
 
No samples from either Eynesbury or Haddenham Causewayed Enclosure contained 
sufficient collagen for dating, but this was unsurprising as all of the 40 samples analysed 
contained low levels of nitrogen. 
 
C:N ratios of collagen are typically 2.9–3.6 (DeNiro 1985). Values out of this range are 
indicative of low collagen (Schoeninger et al 1989; Ambrose 1990), contamination (DeNiro 
1985; Ambrose 1990) or diagenesis (Koch et al 1994). At the Oxford Radiocarbon 
Accelerator Unit, our cut-off for dating is 2.9–3.5. 
 
All but four bones in this study had collagen with a C:N atomic ratio of 3.2 or 3.3, regardless 
of the amount of collagen preserved. One sample (number 35, Holloway Lane) had a C:N 
ratio of 2.9 and yielded 1.9% wt collagen, two samples (numbers 178 and 179, both from 
Etton causewayed enclosure) had C:N ratios of 3.4 and yielded 0.9% and 0.5% wt collagen 
respectively, and sample 182 (also from Etton) had a ratio of 86.4 due to very low nitrogen 
and yielded only 0.5% wt collagen. 
 
Stable isotopic values (δ13C and δ15N) of collagen are more likely to be linked to sample-
specific variables (eg trophic-level in herbivores or carnivores in δ15N) and environmental 
influences (eg δ13C canopy effects in forests) than collagen preservation (van Klinken 1999).  
 
The amount of insoluble residue present after radiocarbon pre-treatment ranged from 0 to 
42% (Fig. 4d) and varied greatly within archaeological sites. The percentage of material 
which passed through the ultrafilter during pre-treatment (ie < 30 kDa residue) reached a 
maximum of 1.6%, although the residue was often very sticky and difficult to weigh. Neither 
residue correlated with the percent weight collagen yielded for a given sample. 
 
Amino acid analysis: allows the detailed composition of the proteins present to be 
determined and compared to those of collagen in modern bone (van Klinken 1999). 
However, for the majority of bones, there is little actual variation in the amino acid profiles 
themselves, it is only when the bones become very degraded that reduced levels of certain 
amino acids are present (van Klinken 1999). One of the limitations of amino acid analysis in 
this study was that there was insufficient collagen for the analysis to be carried out on many 
of the samples which failed pre-treatment.  
 
Of the 20 collagen samples analysed, five were from bones which had yielded less than 1% 
wt collagen. It was not easy to distinguish these specific samples from those that were 
successful in pre-treatment using their amino acid profiles, except for sample number 182 
(Etton) for which the pre-treatment product was a brown powder. This sample had reduced 
levels of hydroxyproline, proline, glycine, and alanine in comparison with the other collagen 
samples. Sample 280 (RMC Land), which also failed pre-treatment and which appeared 
brittle and glassy, was only differentiated from the other samples by slightly reduced alanine 
levels.  Of the other samples with low collagen yields, sample 127 (Berinsfield) demonstrated 
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slightly reduced levels of alanine and aspartic acid, but samples 178 and 179 (Etton) were 
indistinguishable by their amino acid profiles from the samples with good collagen 
preservation. 
 
Several studies have attempted to use ratios of various amino acids to categorise collagen 
preservation (eg Stafford et al 1988; DeNiro and Weiner 1988; Weiner and Bar-Yosef 1990). 
It was nearly impossible to assign any of the 20 bones sampled to the classes of 
preservation defined by Stafford et al (1988) on the basis of their amino acid profiles and 
whole bone percent nitrogen content. Sample 182 could clearly be assigned to class V 
(“extremely poorly preserved”), but most other bones could only be attributed to combined 
classes I–III (“modern”, “very well to well preserved”, and “moderately well preserved” 
respectively) using these criteria. 
 
Weiner and Bar-Yosef (1990) used Gly/Asp ratios (glycine/aspartic acid ratios) to determine 
collagen purity: pure collagen has a Gly/Asp ratio of close to 7 (Weiner and Bar-Yosef 1990). 
They stated that collagen is not present in samples with a Gly/Asp ratio of less than ~ 6. 
However, in this study, sample 99 (Berinsfield) has a ratio of 5.6 but yielded 2.5% wt 
collagen with a C:N ratio of 3.2 and δ13C of −20.2‰, suggesting that it was not affected by 
contamination.  Most of the other samples had Gly/Asp ratios of 6.4–7.5, except two with 
poor collagen preservation, samples 127 (Berinsfield) and 182 (Etton) with ratios of 8.2 and 
30.9 respectively. 
 
DeNiro and Weiner (1988) used several amino acid ratios - Asp/Pro (aspartic acid/proline), 
Asp/Gly (aspartic acid/glycine), and Asp+Thr+Ser+Glu/Pro+Gly+Hop ((aspartic acid + 
threonine + serine + glutamic acid)/(proline + glycine + hydroxyproline)) - to distinguish 
between modern, well-preserved, and poorly-preserved prehistoric bones.  With the 
exception of sample 182, there is little variation between these ratios among the samples in 
this study, and all have ratios which agree with those of DeNiro and Weiner’s modern and 
well-preserved samples.  

 
Small-angle X-ray scattering (SAXS): This technique allows for the accurate measurement of 
crystal shape, size, and orientation within bone and has been used to determine the degree 
to which the bone matrix has recrystallised (Wess et al 2001; Hiller et al 2004; Hiller and 
Wess 2006). Hiller et al (2004) and Hiller and Wess (2006) used the method to study the 
structural dimensions of crystallites in bones and demonstrated a link between alteration to 
crystal structure (in terms of thickness or shape) and other diagenetic changes such as loss 
of nitrogeneous material. In this study, 18 samples were analysed using SAXS, but no 
correlation between crystal thickness and collagen preservation was observed (Fig 3d). 

 
 
Interpretation and conclusions 
 
Of the pre-screening criteria tested in this study, only %N (and, to a lesser extent, %C and 
C:N atomic ratio) of whole bone showed a good correlation with collagen preservation which 
could be applied to bone specimens to identify those suitable for radiocarbon dating. Linear 
regression analysis demonstrated that using a 0.76% N cut-off level would allow an 84% 
prediction rate for whether a bone was dateable or not. This prediction success was 
increased to 85% when including the %C and/or C:N atomic ratio data in the linear 
regression. 
 
Percent nitrogen analysis of bone powder is a relatively quick and simple technique and 
could easily be implemented as a pre-screening technique prior to radiocarbon dating of 
bone samples from sites known to suffer from poor or variable preservation such as Brandon 
Staunch Meadow, Etton Causewayed Enclosure, and Kingsmead Quarry. This level of 
nitrogen is less than the 1% cut-off currently used at the Oxford Radiocarbon Accelerator 



 7

Unit to determine whether or not to proceed with pre-treatment of potentially poorly 
preserved bones. 
 
No correlation between any of the pre-screening criteria and % weight collagen was 
observed within any of the individual archaeological sites studied. 
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Table 1. Details of the 12 sites from southern England from which bones were sampled for 
this study 
 

Site Name Location Age of Bones 

Brandon Staunch Meadow Suffolk Anglo-Saxon, early medieval 

Holloway Lane, 
Harmondsworth 

London Borough of 
Hillingdon 

Pre-historic multi-period site, 
especially late Neolithic-early 
Bronze Age 

Eynesbury Barford Road, St Neots, 
Cambs. 

Neolithic, from Neolithic to 
Anglo-Saxon site 

Haddenham Causewayed 
Enclosure 

Haddenham, Cambs. Early Neolithic features, from 
multi-period site 

Wally Corner, Berinsfield Dorchester-on-Thames, 
Oxon 

Anglo-Saxon cemetery  

Huntsman’s Quarry Kemerton, 
Worcestershire 

Late Bronze Age features, from 
multi-period site 

Bestwall Quarry Wareham, Dorset Bronze Age, Romano-British, 
Anglo-Saxon 

Etton Causewayed 
Enclosure 

Maxey, nr 
Peterborough, Cambs. 

Early Neolithic 

Imperial College Sports 
Ground, Harlington 

London Borough of 
Hillingdon 

Romano-British 

Cleveland Farm Ashton Keynes, 
Wiltshire 

Iron Age or Romano-British 

Kingsmead Quarry, Horton Windsor & Maidenhead, 
Berks. 

Bronze Age 

RMC Land, Harlington London Borough of 
Hillingdon 

Bronze Age, Romano-British, 
Anglo-Saxon 
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Table 2. Collagen yields for samples which underwent full radiocarbon pre-treatment 
 

Site No. bones 
sampled 

No. bones 
pre-treated 

No. bones 
>1% 

collagen 

% bones 
>1% 

collagen 
Brandon Staunch Meadow 30 8 4 50 
Holloway Lane 12 4 3 75 
Eynesbury 18 4 0 0 
Haddenham Causewayed Encl. 43 10 0 0 
Wally Corner, Berinsfield 31 16 13 81 
Huntsman’s Quarry 25 7 2 29 
Bestwall Quarry 13 9 9 100 
Etton Causewayed Encl. 18 7 3 43 
Imperial College Sports Ground 20 5 1 20 
Cleveland Farm 28 10 4 40 
Kingsmead Quarry 30 7 1 14 
RMC Land, Harlington 30 13 5 38 
Total 298 100 45 45 
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Appendix I: Methods 
 
Hardness: An Intron Shore Pencil Durometer was used to measure hardness of a bone by 
determining the depth of penetration of an indentor into the bone. The durometer was 
modified to require 5kg to fully compress the spring, and the origin blunt indentor was 
sharpened to a 60º angle.  Three closely-spaced measurements were taken from a flat 
portion of the bone (where possible), and the average of the three values calculated. The 
units are arbitrary. 
 
Colour: Each bone was shot-blasted with fine aluminium oxide powder (Swan-Blaster, 
Crystal Mark Inc, Glendale CA, USA; Airbrasive powder No. 1, REG Abrasives Ltd, Dartford, 
UK) to remove surficial contamination before being digitally photographed against a Kodak 
grey card background. The image was adjusted for grey-point and HSB (hue, saturation, 
brightness) were measured over a sample area using Gaussian blur averaging in Adobe 
Photoshop software. 
 
Sampling: The cleaned section of the bone was drilled using a tungsten carbide spherical 
burr drill bit (3mm diameter) at a low speed, and ~1g bone powder collected. For consistency 
the same bit and speed was used where possible within the Oxford Radiocarbon Accelerator 
Unit, although this was not always possible for bones sampled elsewhere. 
 
Microporosity: 20–30mg bone powder was transferred to a 4mL Wheaton vial of known 
weight. Samples were oven-dried at 100°C for a minimum of three days prior to weighing. 
The samples were then transferred to a thermostatically-controlled humidity chamber at 25°C 
with at 75% relative humidity (RH). Humidity was controlled using sulphuric acid and 
measured with a hygrometer (Pike 1993 unpubl). Samples were left for 3 days prior to 
weighing. Each weight measurement was repeated 3 times and an average calculated. 
Microporosity was calculated as follows: 
 

Microporosity = 75% RH weight – oven dry weight 
      oven dry weight 
according to Nielsen-Marsh (1997 unpubl). 
 
Bulk powder density: The samples which had been weighed out for microporosity 
measurements were dried in an oven at 100°C for at least three days and then allowed to 
cool over silica gel in a dessicator. A 1.5mm micro-curette with an approximate volume of 
1.77mm3 was used to weigh out three aliquots of dried bone powder. For each aliquot, the 
micro-curette was loaded up with bone powder which was pressed down against the side of 
the vial. The micro-curette was then tapped three times to remove excess or loose powder, 
before the surface of the bone powder was levelled off using a clean scalpel. The average of 
the three weights was calculated and divided by 1.77 to calculate the bulk powder density. 
Note that such a small volume was required due to the limited amount of bone powder 
available, and that the values for should be taken as relative to each other, but not absolute 
due to uncertainty of the volume of the micro-curette. As for the microporosity 
measurements, bulk powder density could not be calculated for samples which had 
fragmented on drilling due to heterogeneous grain size. 
 
FTIR: Infra-red spectra of bone powder was obtained using Varian Excalibur series FTIR with 
a Specac Golden Gate ATR at BegbrokeNano, part of the Department of Materials, Oxford 
University. Data was manipulated and measured using Digilab Resolutions Pro 4.0 software. 
Each sample was run in triplicate for 20 scans and each spectrum subject to background 
subtraction and baseline correction. The splitting factor (SF), or crystallinity index, was 
calculated for each spectrum according to Weiner and Bar-Yosef (1990) as follows: 
 
 SF =    height of peak at 603cm−1 + height of peak at 565cm−1   
  distance from the baseline to the trough between the 2 peaks 
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when the baseline was drawn between 500 and 750cm−1. 
  
The carbonate : phosphate ratio (C:P) was calculated according to Wright and Schwarcz 
(1996) as: 
 
 C:P =   height of carbonate peak at 1417 cm−1 
  height of phosphate peak at 1022cm−1  
 
 Both SF and C:P were calculated for all three spectra for each sample and averaged. 
 
Elemental analysis: %C, %N, and C:N atomic ratio. 
Whole bone and collagen samples were analysed using an automated carbon and nitrogen 
elemental analyser (Carlo Erba EA1108) coupled with a continuous-flow isotope ratio-
monitoring mass spectrometer (Europa Geo 20/20). 
 
Full radiocarbon pre-treatment: The method is detailed by Bronk Ramsey et al (2004).  
 
Briefly:  

• coarsely ground bone powder (~600mg) was sequentially treated with hydrochloric 
acid (0.5M), sodium hydroxide (0.1M), and hydrochloric acid (0.5M) with thorough 
rinsing with ultrapure (MilliQ™) water between each reagent; 

• crude collagen was then gelatinized in pH3 solution at 75°C for 20 hours; 
• the gelatin solution was filtered using a 9µm polyethylene Eezi-filter™ which had 

been cleaned by ultrasonicating in ultrapure water for 20 minutes; 
• the filtered gelatin was transferred into a pre-cleaned ultrafilter (Vivaspin™ 15 30 kD 

MWCO) and centrifuged at 2500–3000 rpm until 0.5–1.0mL of the > 30 kD gelatin 
fraction remained (typically 20–40 minutes); 

• this fraction was freeze-dried and the resulting purified collagen weighed. 
 

During this procedure, both the insoluble residue left after Eezi-filtering and the gelatin which 
passed through the ultrafilter were freeze-dried and weighed, and the percentage insoluble 
residue and < 30 kD component calculated respectively. The percent collagen yield was also 
calculated in relation to the starting weight of the bone powder.  
 
The stable isotopic values (δ13C, δ15N) and C:N ratio of the collagen was measured as for the 
whole bone powder. 
 
Amino acid analysis: Analysis was carried out by Tony Willis at the MRC Immunochemistry 
Unit in the Department of Biochemistry, University of Oxford. 2.5 nanomoles of an internal 
standard mixture of nor-valine and sarcosine was added to each sample of purified collagen 
(~1 mg) and samples were dried in pyrolysed Pyrex tubes (Corning 9820 culture tubes) 
before being hydrolysed in vapour-phase for 22 hours at 110oC.  The hydrolysing medium 
was 5.7N hydrochloric acid (constant boiling) with a trace of phenol added. Amino acid 
analysis was performed using an Agilent 1100 series HPLC with a G1327A autosampler and 
G1321A fluorescence detector.  Samples were derivitised with ortho-phthalaldehyde (OPA) 
for the primary amino acids and 9-fluorenylmethyl chloroformate (FMOC) for the secondary 
amino acids. 1µl of redissolved hydrolysate was injected onto a Hypersil  AA-ODS HPLC 
column (Agilent) to resolve the derivitised amino acids.  Results were integrated using 
Agilent ChemStation software with three point calibration in each batch of samples using 
standard runs of 10, 25, and 100 picomoles, and are given as mole %. 
 
SAXS: Analysis was carried out by Clerk Maxwell in the School of Optometry and Vision 
Sciences, Cardiff University. Bone powder (~ 15mg) was loaded into a specially designed 
sample carriage between two mica sheets. This was attached to a sample stage which was 
mounted into the vacuum chamber of the NanoSTAR (Bruker AXS, Karlsruhe) X-ray facility. 
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The SAXS configuration uses a sample-to-detector distance of 1.25m. Bone scattering 
profiles typically require 3-hour exposures. Data is collected according to Wess et al (2001), 
corrected for camera distortions, subjected to ultralene background subtraction, and images 
analysed using in-house software. The two-dimensional detector output is converted into 
spherically averaged one-dimensional profiles, and values for crystal thickness determined. 
 



  
19

 

A
pp

en
di

x 
II:

 D
at

a 
 

C
ol

ou
r 

W
ho

le
 b

on
e 

po
w

de
r 

R
ad

io
ca

rb
on

 p
re

-tr
ea

tm
en

t 
C

ol
la

ge
n 

SA
XS

 
ID

 
Si

te
 

Si
te

 ID
 

H
ar

dn
es

s
H

ue
 

Sa
tu

- 
ra

tio
n 

B
rig

ht
- 

ne
ss

 

M
ic

ro
- 

po
ro

si
ty

B
ul

k 
po

w
de

r
de

ns
ity

δ13
C

 
%

N
 

%
C

 
C

/N
Sp

lit
tin

g
fa

ct
or

 
C

ar
bo

na
te

:
ph

os
ph

at
e

%
 

In
so

l 
%

 
<3

0k
D

%
 w

t 
co

ll 
O

K
/fa

il 
N

o 
re

ps
 

δ13
C

 
δ15

N
 

C
/N

 
A

ve
 

th
ic

kn
es

s 
 

 
 

ar
b.

 u
ni

t
 

 
 

cm
3 /g

 
g/

cm
3  

‰
 

 
 

 
 

 
 

 
 

 
 

‰
 

‰
 

 
nm

 
1 

B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
70

8 
55

 
36

 
48

 
68

 
0.

08
3 

0.
31

 
-2

4.
32

0.
2 

3.
2 

17
.6

5.
06

 
0.

16
 

 
 

 
 

 
 

 
 

 
2 

B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
77

9 
53

 
36

 
52

 
67

 
0.

08
8 

0.
19

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

3 
B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 1

80
3 

59
 

36
 

58
 

57
 

0.
09

3 
0.

19
 

-1
9.

95
3.

1 
10

.1
3.

9 
4.

06
 

0.
21

 
0.

4 
0.

1 
3.

9 
O

K
 

3 
-1

9.
63

 
10

.8
5

3.
2 

 
4 

B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
81

6 
59

 
33

 
52

 
67

 
0.

08
6 

0.
22

 
-2

3.
46

1.
2 

5.
7 

5.
7 

4.
31

 
0.

18
 

 
 

 
 

 
 

 
 

 
5 

B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
83

0 
47

 
33

 
42

 
67

 
0.

08
0 

0.
18

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

6 
B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
  

27
 

39
 

52
 

78
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
7 

B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
83

8 
58

 
35

 
54

 
66

 
0.

07
1 

0.
23

 
-2

0.
10

1.
0 

4.
8 

5.
7 

4.
32

 
0.

18
 

 
 

 
 

 
 

 
 

 
8 

B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
85

0 
29

 
38

 
56

 
66

 
0.

07
1 

0.
28

 
-2

7.
48

0.
3 

4.
2 

17
.6

4.
51

 
0.

19
 

 
 

 
 

 
 

 
 

 
9 

B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
86

1 
62

 
35

 
52

 
65

 
0.

07
2 

0.
18

 
-2

1.
98

1.
0 

5.
7 

7.
0 

4.
18

 
0.

21
 

5.
7 

0.
1 

0.
8 

fa
il 

2 
-1

9.
76

 
10

.3
2

3.
3 

 
10

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
86

3 
68

 
34

 
40

 
53

 
0.

07
4 

0.
10

 
-1

8.
91

3.
5 

12
.0

3.
7 

4.
61

 
0.

26
 

4.
6 

0.
0 

6.
5 

O
K

 
3 

-1
9.

50
 

10
.1

0
3.

2 
 

11
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 1

88
2 

61
 

35
 

53
 

66
 

0.
11

4 
0.

24
 

-1
9.

44
2.

1 
7.

7 
4.

2 
4.

58
 

0.
22

 
 

 
 

 
 

 
 

 
 

12
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 1

89
8 

55
 

39
 

47
 

78
 

0.
11

3 
0.

29
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
13

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
90

0 
55

 
35

 
54

 
64

 
0.

10
7 

0.
37

 
-2

2.
36

0.
6 

4.
3 

8.
4 

4.
81

 
0.

17
 

5.
6 

0.
1 

0.
5 

fa
il 

1 
-1

9.
63

 
9.

94
 

3.
3 

 
14

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 1
91

7 
51

 
34

 
53

 
58

 
0.

09
7 

0.
43

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

15
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 1

91
9 

33
 

42
 

44
 

82
 

0.
10

8 
0.

27
 

-2
1.

61
0.

7 
4.

4 
7.

5 
4.

79
 

0.
17

 
 

 
 

 
 

 
 

 
 

16
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 1

92
3 

52
 

37
 

50
 

72
 

0.
08

1 
0.

35
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
17

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 3
06

7 
48

 
39

 
57

 
69

 
0.

09
7 

0.
34

 
-2

0.
77

0.
9 

4.
7 

5.
8 

4.
26

 
0.

19
 

3.
9 

0.
0 

0.
8 

fa
il 

3 
-1

9.
32

 
10

.5
5

3.
3 

 
18

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 3
08

1 
28

 
35

 
54

 
61

 
0.

09
2 

0.
22

 
-1

9.
69

3.
5 

11
.5

3.
9 

5.
06

 
0.

26
 

 
 

 
 

 
 

 
 

 
19

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 3
08

2 
55

 
35

 
54

 
65

 
0.

09
6 

0.
30

 
-2

0.
90

1.
3 

5.
7 

5.
2 

4.
23

 
0.

18
 

 
 

 
 

 
 

 
 

 
20

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 3
09

0 
57

 
32

 
45

 
47

 
0.

09
0 

0.
32

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

21
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 3

10
3 

55
 

32
 

51
 

65
 

0.
11

5 
0.

24
 

-1
9.

32
2.

9 
9.

9 
4.

0 
4.

26
 

0.
30

 
0.

9 
0.

1 
3.

0 
O

K
 

3 
-1

9.
26

 
9.

33
 

3.
2 

 
22

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 3
11

2 
60

 
33

 
51

 
67

 
0.

11
0 

0.
14

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

23
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 3

11
3 

58
 

37
 

56
 

66
 

0.
10

9 
0.

20
 

-1
9.

08
3.

7 
11

.3
3.

6 
4.

29
 

0.
24

 
 

 
 

 
 

 
 

 
 

24
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 3

12
7 

62
 

38
 

51
 

65
 

0.
10

0 
0.

20
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
25

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 3
13

6 
68

 
36

 
45

 
61

 
0.

10
4 

0.
21

 
-2

0.
67

2.
0 

8.
2 

4.
8 

4.
05

 
0.

24
 

2.
9 

0.
1 

1.
4 

O
K

 
3 

-2
0.

19
 

9.
69

 
3.

3 
 

26
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 4

00
9 

58
 

36
 

56
 

64
 

0.
10

1 
0.

24
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
27

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 4
03

5 
58

 
31

 
45

 
48

 
 

 
-1

9.
41

3.
2 

10
.4

3.
8 

4.
48

 
0.

26
 

 
 

 
 

 
 

 
 

 
28

 B
ra

nd
on

 S
ta

un
ch

 M
ea

do
w

 4
04

2 
50

 
38

 
51

 
78

 
0.

09
3 

0.
18

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

29
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 4

05
4 

49
 

36
 

47
 

65
 

0.
09

6 
0.

26
 

-2
3.

22
0.

3 
3.

9 
14

.2
4.

89
 

0.
18

 
1.

6 
0.

0 
0.

1 
fa

il 
 

 
 

 
 

30
 B

ra
nd

on
 S

ta
un

ch
 M

ea
do

w
 8

00
7 

60
 

34
 

55
 

57
 

0.
08

4 
0.

21
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
31

 H
ol

lo
w

ay
 L

an
e 

H
L 

87
 B

1 
47

 
36

 
16

 
89

 
0.

10
0 

0.
18

 
-1

9.
87

0.
4 

2.
7 

8.
3 

4.
68

 
0.

14
 

 
 

 
 

 
 

 
 

 
32

 H
ol

lo
w

ay
 L

an
e 

H
L 

87
 B

14
 

17
 

37
 

18
 

82
 

0.
11

1 
0.

21
 

-2
2.

38
1.

2 
4.

8 
4.

5 
5.

29
 

0.
14

 
4.

8 
0.

4 
1.

8 
O

K
 

3 
-2

4.
00

 
7.

91
 

3.
2 

 
33

a 
H

ol
lo

w
ay

 L
an

e 
H

L 
87

 B
62

 
 

36
 

28
 

78
 

0.
11

1 
0.

18
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
33

b 
H

ol
lo

w
ay

 L
an

e 
H

L 
87

 B
62

b 
 

34
 

26
 

78
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
34

 H
ol

lo
w

ay
 L

an
e 

H
L 

87
 B

65
 

47
 

34
 

32
 

75
 

0.
10

7 
0.

30
 

-2
5.

08
1.

5 
5.

1 
4.

0 
5.

64
 

0.
16

 
 

 
 

 
 

 
 

 
 

35
 H

ol
lo

w
ay

 L
an

e 
H

L 
87

 B
66

 
22

 
41

 
13

 
91

 
0.

09
7 

0.
27

 
-2

2.
09

1.
0 

4.
3 

5.
3 

5.
67

 
0.

16
 

2.
9 

0.
4 

1.
9 

O
K

 
3 

-2
4.

31
 

7.
99

 
2.

9 
5.

84
 

36
 H

ol
lo

w
ay

 L
an

e 
H

L 
87

 B
17

 
67

 
39

 
34

 
76

 
0.

10
0 

0.
26

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

37
 H

ol
lo

w
ay

 L
an

e 
H

L 
87

 B
24

 
5 

39
 

37
 

63
 

0.
07

5 
0.

34
 

-2
2.

81
0.

2 
1.

4 
7.

9 
 

0.
05

 
41

.6
 

0.
1 

0.
1 

fa
il 

 
 

 
 

 
38

 H
ol

lo
w

ay
 L

an
e 

H
L 

87
 B

45
 

7 
36

 
29

 
78

 
0.

08
8 

0.
21

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

39
 H

ol
lo

w
ay

 L
an

e 
H

L 
87

 B
67

 
25

 
53

 
4 

94
 

0.
08

5 
0.

23
 

-2
1.

32
1.

0 
4.

3 
4.

9 
4.

95
 

0.
18

 
 

 
 

 
 

 
 

 
 

40
 H

ol
lo

w
ay

 L
an

e 
H

L 
82

 II
I 4

2 
10

 
30

 
8 

76
 

0.
08

4 
0.

21
 

-2
1.

66
1.

1 
5.

0 
5.

2 
4.

30
 

0.
19

 
 

 
 

 
 

 
 

 
 

41
 H

ol
lo

w
ay

 L
an

e 
H

L 
82

 II
I 6

1 
40

 
38

 
22

 
77

 
0.

10
7 

0.
31

 
-2

0.
30

1.
0 

4.
5 

5.
2 

5.
78

 
0.

17
 

1.
8 

0.
1 

2.
3 

O
K

 
3 

-2
1.

72
 

7.
50

 
3.

2 
 

42
 H

ol
lo

w
ay

 L
an

e 
W

G
F 

79
 4

1 
32

 
38

 
11

 
91

 
0.

09
0 

0.
29

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

43
 E

yn
es

bu
ry

 
32

49
 2

36
5 

34
 

47
 

26
 

87
 

0.
10

5 
0.

21
 

-1
6.

85
0.

1 
2.

2 
35

.8
4.

44
 

0.
21

 
 

 
 

 
 

 
 

 
 

44
 E

yn
es

bu
ry

 
32

49
 2

36
6 

6 
43

 
43

 
58

 
0.

06
7 

0.
30

 
-1

1.
69

0.
0 

7.
3 

0.
0 

3.
97

 
0.

61
 

 
 

 
 

 
 

 
 

 
45

 E
yn

es
bu

ry
 

60
87

 2
32

9 
59

 
30

 
42

 
43

 
0.

15
1 

0.
34

 
-1

9.
84

0.
1 

2.
4 

21
.7

3.
88

 
0.

29
 

7.
6 

0.
0 

0.
2 

fa
il 

 
 

 
 

 



  
20

 

46
 E

yn
es

bu
ry

 
60

87
 2

38
9 

60
 

27
 

45
 

33
 

0.
13

3 
0.

39
 

-2
2.

45
0.

2 
2.

1 
15

.7
4.

15
 

0.
24

 
 

 
 

 
 

 
 

 
 

47
 E

yn
es

bu
ry

 
63

01
 2

34
6 

33
 

39
 

45
 

30
 

0.
09

9 
0.

40
 

-1
9.

35
0.

1 
1.

3 
26

.9
4.

29
 

0.
24

 
 

 
 

 
 

 
 

 
 

48
 E

yn
es

bu
ry

 
63

54
 2

34
8 

29
 

35
 

51
 

33
 

0.
11

0 
0.

36
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
49

 E
yn

es
bu

ry
 

63
55

 
60

 
43

 
37

 
76

 
0.

11
1 

0.
34

 
-1

9.
51

0.
1 

2.
7 

31
.6

4.
38

 
0.

22
 

9.
6 

0.
0 

0.
0 

fa
il 

 
 

 
 

 
50

 E
yn

es
bu

ry
 

63
55

 2
38

5 
48

 
42

 
26

 
39

 
0.

11
0 

0.
29

 
-1

9.
11

0.
2 

3.
2 

26
.2

4.
23

 
0.

26
 

 
 

 
 

 
 

 
 

 
51

 E
yn

es
bu

ry
 

63
55

 2
38

5 
40

 
40

 
35

 
52

 
 

0.
00

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

52
 E

yn
es

bu
ry

 
63

60
 

50
 

44
 

61
 

38
 

0.
11

3 
0.

28
 

-1
6.

68
0.

1 
2.

2 
21

.3
4.

32
 

0.
28

 
 

 
 

 
 

 
 

 
 

53
 E

yn
es

bu
ry

 
63

60
 2

36
8 

46
 

34
 

42
 

50
 

0.
09

9 
0.

46
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
54

 E
yn

es
bu

ry
 

63
60

 2
36

9 
 

40
 

50
 

35
 

0.
10

9 
0.

40
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
55

 E
yn

es
bu

ry
 

63
61

 
55

 
36

 
31

 
75

 
0.

10
9 

0.
21

 
-1

8.
37

0.
1 

2.
2 

37
.0

3.
88

 
0.

26
 

12
.9

 
0.

1 
0.

2 
fa

il 
 

 
 

 
 

56
 E

yn
es

bu
ry

 
63

61
 2

37
5 

 
32

 
28

 
47

 
0.

09
9 

0.
32

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

57
 E

yn
es

bu
ry

 
63

63
 2

35
5 

56
 

40
 

17
 

21
 

0.
14

3 
0.

28
 

-1
9.

94
0.

1 
2.

0 
19

.6
4.

52
 

0.
24

 
 

 
 

 
 

 
 

 
 

58
 E

yn
es

bu
ry

 
63

63
 2

35
7 

49
 

47
 

32
 

28
 

0.
12

4 
0.

24
 

-1
7.

41
0.

0 
2.

3 
67

.5
5.

04
 

0.
19

 
 

 
 

 
 

 
 

 
 

59
 E

yn
es

bu
ry

 
63

79
 

46
 

30
 

31
 

38
 

0.
10

3 
0.

34
 

-1
9.

63
0.

1 
1.

4 
19

.1
3.

58
 

0.
29

 
37

.5
 

0.
2 

0.
1 

fa
il 

 
 

 
 

 
60

 E
yn

es
bu

ry
 

63
94

 2
38

4 
50

 
31

 
37

 
41

 
0.

10
4 

0.
26

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

61
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
2 

38
0 

22
34

 
47

 
43

 
24

 
57

 
0.

12
5 

0.
28

 
-2

1.
30

0.
1 

2.
3 

24
.6

4.
19

 
0.

21
 

 
 

 
 

 
 

 
 

 
62

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

2 
40

3 
24

13
 

49
 

44
 

28
 

58
 

0.
10

7 
0.

31
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
63

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

2 
40

3 
24

22
 

46
 

39
 

53
 

42
 

0.
11

6 
0.

33
 

-1
8.

69
0.

1 
2.

2 
24

.7
4.

33
 

0.
22

 
17

.0
 

0.
0 

0.
0 

fa
il 

 
 

 
 

 
64

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

2 
40

3 
24

23
 

50
 

42
 

39
 

64
 

0.
13

2 
0.

22
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
65

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

2 
47

1 
25

66
 

51
 

39
 

36
 

63
 

0.
09

3 
0.

22
 

-2
1.

23
0.

2 
5.

4 
27

.8
4.

25
 

0.
21

 
 

 
 

 
 

 
 

 
 

66
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
2 

47
1 

25
67

 
55

 
38

 
38

 
38

 
0.

09
0 

0.
27

 
-2

1.
02

0.
1 

1.
3 

24
.1

5.
98

 
0.

14
 

 
 

 
 

 
 

 
 

 
67

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

2 
47

6 
28

32
 

13
 

42
 

43
 

69
 

0.
11

2 
0.

24
 

-1
8.

70
0.

1 
2.

6 
23

.5
4.

65
 

0.
21

 
6.

1 
0.

0 
0.

0 
fa

il 
 

 
 

 
 

68
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
4 

17
47

 1
25

27
 

44
 

41
 

35
 

59
 

0.
11

7 
0.

25
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
69

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

4 
17

47
 1

25
56

 
56

 
53

 
45

 
38

 
0.

08
3 

0.
32

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

70
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
4 

17
47

 1
25

69
 

48
 

43
 

41
 

60
 

0.
08

0 
0.

39
 

-2
3.

36
0.

6 
3.

1 
6.

3 
3.

87
 

0.
23

 
 

 
 

 
 

 
 

 
 

71
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
4 

17
49

 1
25

99
 

32
 

45
 

32
 

76
 

0.
13

9 
0.

23
 

-1
9.

40
0.

2 
3.

7 
26

.7
4.

15
 

0.
31

 
 

 
 

 
 

 
 

 
 

72
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
4 

18
01

/1
80

9 
11

58
0 

7 
41

 
37

 
82

 
0.

08
5 

0.
34

 
-1

9.
81

0.
6 

3.
1 

6.
0 

4.
93

 
0.

20
 

31
.0

 
0.

2 
0.

2 
fa

il 
1 

-2
1.

51
 

5.
24

 
3.

2 
 

73
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
4 

18
18

 1
25

48
 

67
 

54
 

26
 

89
 

0.
10

8 
0.

26
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
74

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

4 
18

37
 1

46
10

 
58

 
48

 
32

 
73

 
0.

10
6 

0.
22

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

75
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

38
01

 2
76

41
 

47
 

26
 

41
 

48
 

0.
11

1 
0.

18
 

-1
8.

44
0.

1 
2.

7 
26

.4
4.

84
 

0.
20

 
 

 
 

 
 

 
 

 
 

76
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

38
12

 2
76

28
 

58
 

37
 

47
 

57
 

0.
12

4 
0.

21
 

-2
5.

27
0.

1 
2.

7 
35

.2
4.

99
 

0.
17

 
 

 
 

 
 

 
 

 
 

77
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

38
13

 2
79

68
 

60
 

49
 

30
 

87
 

0.
10

8 
0.

20
 

-1
9.

91
0.

7 
4.

5 
7.

9 
3.

94
 

0.
23

 
0.

1 
0.

0 
0.

5 
fa

il 
1 

-2
1.

66
 

6.
61

 
3.

3 
 

78
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

38
13

 2
80

48
 

45
 

49
 

47
 

79
 

0.
12

9 
0.

18
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
79

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

7 
38

13
 2

80
50

 
 

50
 

39
 

76
 

0.
11

8 
0.

27
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
80

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

7 
38

13
 2

80
51

 
10

 
47

 
39

 
73

 
0.

12
2 

0.
24

 
-2

2.
10

0.
3 

4.
1 

17
.9

5.
88

 
0.

20
 

0.
4 

0.
0 

0.
0 

fa
il 

 
 

 
 

 
81

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

7 
38

22
 2

77
35

 
40

 
48

 
50

 
55

 
 

0.
30

 
-1

9.
49

0.
3 

3.
9 

13
.3

4.
77

 
0.

23
 

 
 

 
 

 
 

 
 

 
82

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

7 
38

40
 2

76
75

 
20

 
53

 
27

 
88

 
0.

09
6 

0.
32

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

83
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

38
57

 2
79

92
 

33
 

40
 

48
 

62
 

0.
11

3 
0.

22
 

-2
2.

33
0.

1 
1.

9 
16

.1
4.

90
 

0.
20

 
0.

4 
0.

0 
0.

0 
fa

il 
 

 
 

 
 

84
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

38
90

 2
81

04
 

28
 

40
 

50
 

56
 

0.
10

3 
0.

30
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
85

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

7 
38

98
 2

81
61

 
5 

53
 

35
 

75
 

0.
12

9 
0.

30
 

-2
2.

15
0.

4 
3.

6 
11

.4
5.

54
 

0.
21

 
 

 
 

 
 

 
 

 
 

86
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

38
98

 2
81

99
 

58
 

36
 

41
 

64
 

0.
12

3 
0.

25
 

-2
1.

76
0.

8 
4.

7 
7.

2 
4.

30
 

0.
23

 
 

 
 

 
 

 
 

 
 

87
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

39
31

 2
82

44
 

33
 

53
 

34
 

75
 

0.
10

1 
0.

00
 

-2
1.

87
0.

8 
3.

8 
5.

8 
5.

45
 

0.
18

 
1.

3 
0.

3 
0.

7 
fa

il 
2 

-2
3.

07
 

7.
14

 
3.

2 
 

88
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

39
31

 2
79

62
 

40
 

42
 

43
 

58
 

0.
13

8 
0.

24
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
89

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

7 
39

38
 2

79
71

 
5 

40
 

41
 

76
 

0.
15

1 
0.

29
 

-2
3.

58
0.

2 
3.

6 
18

.2
4.

40
 

0.
22

 
 

 
 

 
 

 
 

 
 

90
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

39
39

 2
79

61
 

34
 

38
 

38
 

62
 

0.
12

2 
0.

29
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
91

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

7 
39

47
 2

79
59

 
55

 
48

 
35

 
86

 
0.

12
0 

0.
20

 
-2

0.
33

0.
2 

4.
3 

28
.9

3.
91

 
0.

27
 

1.
4 

0.
0 

0.
0 

fa
il 

 
 

 
 

 
92

 H
ad

de
nh

am
 C

E
 

H
A

D
 8

7 
39

52
 2

80
56

 
32

 
39

 
42

 
75

 
0.

10
4 

0.
29

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

93
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

39
52

 2
82

68
 

16
 

41
 

37
 

68
 

0.
09

9 
0.

32
 

-2
0.

26
0.

1 
3.

0 
24

.8
5.

18
 

0.
21

 
 

 
 

 
 

 
 

 
 

94
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

39
53

 2
79

63
 

38
 

40
 

45
 

58
 

0.
09

0 
0.

22
 

-1
5.

64
0.

1 
5.

6 
98

.1
4.

58
 

0.
43

 
 

 
 

 
 

 
 

 
 

95
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

39
53

 2
79

76
 

30
 

36
 

41
 

68
 

0.
09

8 
0.

23
 

-2
0.

23
0.

6 
4.

9 
9.

7 
4.

15
 

0.
23

 
0.

1 
0.

1 
0.

2 
fa

il 
1 

-2
0.

87
 

9.
38

 
3.

2 
 

96
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

39
65

 2
79

86
 

52
 

40
 

51
 

54
 

0.
09

8 
0.

35
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



  
21

 

97
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

39
69

 2
79

60
 

32
 

49
 

46
 

83
 

0.
08

6 
0.

34
 

-1
6.

31
0.

2 
4.

5 
24

.0
4.

72
 

0.
34

 
 

 
 

 
 

 
 

 
 

98
 H

ad
de

nh
am

 C
E

 
H

A
D

 8
7 

39
73

 2
79

85
 

37
 

53
 

32
 

78
 

0.
08

2 
0.

24
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
99

 B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 1
 

58
 

44
 

19
 

87
 

0.
08

0 
0.

24
 

-1
7.

20
1.

0 
4.

9 
5.

5 
3.

64
 

0.
30

 
0.

5 
0.

0 
2.

5 
O

K
 

3 
-2

0.
21

 
9.

26
 

3.
2 

5.
14

 
10

0 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 5

 
57

 
47

 
29

 
73

 
0.

08
3 

0.
31

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

10
1 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 6
 

46
 

28
 

37
 

95
 

0.
11

4 
0.

24
 

-1
8.

53
1.

2 
5.

3 
5.

2 
3.

87
 

0.
24

 
 

 
 

 
 

 
 

 
 

10
2 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 8
 

58
 

38
 

32
 

95
 

0.
10

1 
0.

28
 

-2
0.

44
0.

9 
4.

4 
5.

9 
4.

76
 

0.
26

 
0.

8 
0.

1 
1.

31
 

O
K

 
3 

-2
0.

15
 

10
.4

4
3.

2 
 

10
3 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 1
4 

63
 

44
 

26
 

94
 

0.
09

9 
0.

28
 

-1
7.

73
1.

1 
4.

9 
5.

2 
3.

98
 

0.
23

 
5.

4 
0.

2 
1.

8 
O

K
 

3 
-1

9.
78

 
10

.0
0

3.
2 

 
10

4 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 1

8 
68

 
39

 
31

 
93

 
0.

10
5 

0.
23

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

10
5 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 2
0 

60
 

45
 

20
 

85
 

0.
10

3 
0.

25
 

-1
7.

83
1.

4 
5.

6 
4.

5 
3.

70
 

0.
27

 
 

 
 

 
 

 
 

 
 

10
6 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 2
2 

58
 

48
 

40
 

78
 

0.
10

1 
0.

23
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
10

7 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 2

8 
52

 
47

 
34

 
89

 
0.

10
3 

0.
24

 
-1

7.
59

0.
8 

3.
9 

5.
8 

3.
83

 
0.

28
 

0.
7 

 
1.

9 
O

K
 

3 
-2

0.
29

 
9.

75
 

3.
2 

 
10

8 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 3

5 
55

 
43

 
33

 
80

 
0.

10
1 

0.
32

 
-2

1.
58

1.
0 

4.
5 

5.
1 

4.
04

 
0.

24
 

 
 

 
 

 
 

 
 

 
10

9 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 4

9 
28

 
49

 
38

 
80

 
0.

10
0 

0.
32

 
-1

7.
18

0.
3 

2.
8 

11
.6

4.
45

 
0.

24
 

24
.5

 
0.

0 
0.

1 
fa

il 
 

 
 

 
 

11
0 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 6
1 

47
 

45
 

40
 

87
 

0.
09

4 
0.

31
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
11

1 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 6

3 
55

 
50

 
20

 
82

 
0.

10
2 

0.
29

 
-1

8.
08

1.
2 

4.
7 

4.
6 

3.
83

 
0.

26
 

1.
7 

0.
3 

3.
4 

O
K

 
3 

-2
0.

29
 

9.
32

 
3.

2 
 

11
2 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 7
2 

48
 

45
 

42
 

85
 

0.
11

6 
0.

21
 

-1
8.

49
0.

7 
4.

4 
7.

8 
4.

37
 

0.
23

 
 

 
 

 
 

 
 

 
 

11
3 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 7
3 

58
 

43
 

45
 

69
 

0.
09

9 
0.

26
 

-1
7.

85
0.

7 
3.

5 
5.

6 
3.

93
 

0.
24

 
0.

0 
0.

0 
1.

3 
O

K
 

3 
-2

0.
03

 
9.

83
 

3.
2 

4.
49

 
11

4 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 8

2 
48

 
44

 
40

 
86

 
0.

10
4 

0.
28

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

11
5 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 8
3 

55
 

52
 

17
 

87
 

0.
10

9 
0.

26
 

-1
8.

13
1.

1 
4.

8 
5.

2 
4.

80
 

0.
30

 
2.

6 
0.

4 
2.

4 
O

K
 

3 
-2

0.
41

 
9.

62
 

3.
2 

 
11

6 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 8

6 
49

 
40

 
41

 
80

 
0.

12
9 

0.
21

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

11
7 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 9
2 

37
 

44
 

26
 

76
 

0.
10

4 
0.

26
 

-1
9.

04
1.

2 
5.

0 
4.

9 
3.

65
 

0.
30

 
15

.7
 

 
3.

0 
O

K
 

3 
-1

9.
97

 
8.

41
 

3.
2 

 
11

8 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 1

02
 

54
 

45
 

22
 

85
 

0.
10

2 
0.

24
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
11

9 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 1

07
 

43
 

53
 

32
 

81
 

0.
10

0 
0.

27
 

-1
8.

69
1.

0 
4.

6 
5.

4 
4.

01
 

0.
30

 
17

.4
 

0.
3 

2.
0 

O
K

 
3 

-2
0.

23
 

9.
22

 
3.

2 
 

12
0 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 1
10

 
52

 
49

 
43

 
69

 
0.

07
8 

0.
30

 
-2

0.
91

1.
0 

4.
7 

5.
6 

4.
13

 
0.

25
 

2.
4 

1.
6 

1.
4 

O
K

 
3 

-1
9.

83
 

9.
70

 
3.

2 
 

12
1 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 1
21

 
52

 
52

 
23

 
91

 
0.

11
3 

0.
26

 
-1

7.
59

0.
9 

4.
2 

5.
7 

4.
35

 
0.

28
 

2.
5 

 
1.

8 
O

K
 

3 
-1

9.
86

 
9.

99
 

3.
2 

 
12

2 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 1

28
 

65
 

48
 

15
 

90
 

0.
09

6 
0.

29
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
12

3 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 1

33
 

62
 

58
 

11
 

91
 

0.
09

6 
0.

29
 

-1
8.

11
0.

8 
3.

9 
5.

5 
4.

83
 

0.
24

 
 

 
 

 
 

 
 

 
 

12
4 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 1
34

 
48

 
43

 
20

 
89

 
0.

11
1 

0.
22

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

12
5 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

r 1
41

/2
 

62
 

40
 

46
 

78
 

0.
10

9 
0.

26
 

-1
8.

20
0.

8 
4.

0 
5.

5 
4.

41
 

0.
28

 
0.

4 
0.

0 
1.

6 
O

K
 

3 
-1

9.
70

 
10

.0
6

3.
2 

 
12

6 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
r 1

48
 

60
 

37
 

32
 

74
 

0.
08

4 
0.

24
 

-1
8.

11
0.

5 
3.

6 
8.

7 
5.

05
 

0.
21

 
2.

1 
0.

0 
1.

1 
O

K
 

3 
-2

0.
13

 
10

.8
4

3.
2 

4.
75

 
12

7 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
r 1

49
 

55
 

27
 

60
 

78
 

0.
10

0 
0.

29
 

-1
8.

35
1.

0 
4.

5 
5.

2 
4.

39
 

0.
29

 
17

.6
 

0.
8 

0.
5 

fa
il 

1 
-1

9.
72

 
9.

01
 

3.
2 

4.
25

 
12

8 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
r 1

50
/1

 
42

 
37

 
59

 
58

 
0.

11
2 

0.
23

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

12
9 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

r 1
50

/2
 

42
 

36
 

60
 

61
 

0.
13

6 
0.

24
 

-1
8.

44
0.

2 
2.

8 
16

.3
4.

69
 

0.
28

 
3.

4 
0.

0 
0.

0 
fa

il 
 

 
 

 
 

13
0 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

10
3 

B
ag

 1
 

36
 

43
 

45
 

72
 

0.
13

4 
0.

29
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

13
1 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

10
3 

B
ag

 2
 

48
 

46
 

23
 

86
 

0.
13

6 
0.

24
 

-1
9.

39
0.

8 
4.

3 
6.

6 
3.

89
 

0.
25

 
0.

7 
0.

1 
1.

4 
O

K
 

3 
-2

1.
71

 
7.

16
 

3.
2 

3.
94

 

13
2 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

10
4A

 
42

 
48

 
25

 
93

 
0.

16
0 

0.
29

 
-2

2.
21

0.
6 

4.
2 

8.
4 

4.
18

 
0.

26
 

 
 

 
 

 
 

 
 

 
13

3 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 1
10

4B
 

58
 

52
 

22
 

92
 

0.
12

2 
0.

24
 

-1
6.

84
0.

4 
2.

8 
7.

8 
3.

83
 

0.
29

 
0.

0 
0.

0 
0.

1 
fa

il 
0 

 
 

 
 

13
4 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

11
1A

 
58

 
34

 
54

 
50

 
0.

16
0 

0.
23

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

13
5 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

11
1B

 
55

 
46

 
18

 
93

 
0.

11
8 

0.
27

 
-1

8.
45

0.
7 

3.
7 

5.
8 

3.
94

 
0.

26
 

 
 

 
 

 
 

 
 

 
13

6 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 1
11

1C
 

52
 

47
 

20
 

79
 

0.
11

6 
0.

28
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
13

7 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 1
11

1D
 

53
 

44
 

50
 

69
 

0.
15

4 
0.

28
 

-1
6.

43
0.

1 
2.

5 
37

.5
3.

91
 

0.
28

 
0.

3 
0.

0 
0.

0 
fa

il 
0 

 
 

 
 

13
8 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

24
2 

53
 

64
 

6 
96

 
0.

12
4 

0.
25

 
-1

8.
64

0.
5 

4.
2 

9.
8 

4.
28

 
0.

27
 

 
 

 
 

 
 

 
 

 
13

9 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 1
51

7 
52

 
44

 
48

 
63

 
0.

14
8 

0.
22

 
-1

5.
07

0.
1 

2.
8 

40
.0

4.
02

 
0.

23
 

 
 

 
 

 
 

 
 

 
14

0 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 1
51

7 
46

 
55

 
5 

95
 

0.
12

2 
0.

23
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
14

1 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 1
83

0A
 

48
 

43
 

20
 

82
 

0.
12

4 
0.

32
 

-1
9.

48
0.

9 
4.

5 
6.

1 
4.

34
 

0.
26

 
2.

2 
0.

2 
1.

5 
O

K
 

3 
-2

1.
52

 
5.

90
 

3.
2 

 
14

2 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 1
83

0B
 

57
 

40
 

35
 

86
 

0.
14

6 
0.

25
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
14

3 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 1
83

0C
 

57
 

40
 

38
 

85
 

0.
12

2 
0.

28
 

-1
9.

13
1.

2 
5.

2 
5.

3 
3.

87
 

0.
26

 
 

 
 

 
 

 
 

 
 

14
4 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

83
0D

 
53

 
41

 
36

 
76

 
0.

16
2 

0.
29

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

14
5 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

83
4 

43
 

48
 

22
 

93
 

0.
14

1 
0.

27
 

-1
7.

98
0.

6 
4.

1 
8.

1 
4.

07
 

0.
29

 
0.

3 
0.

0 
0.

8 
fa

il 
2 

-2
2.

15
 

7.
15

 
3.

2 
 

14
6 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

83
6 

60
 

49
 

19
 

92
 

0.
13

1 
0.

26
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



  
22

 

14
7 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

83
8 

50
 

48
 

30
 

85
 

0.
18

3 
0.

24
 

-1
5.

65
0.

1 
2.

6 
37

.2
3.

80
 

0.
24

 
 

 
 

 
 

 
 

 
 

14
8 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

83
9 

45
 

47
 

22
 

91
 

0.
16

2 
0.

22
 

-1
8.

01
0.

1 
3.

4 
47

.5
4.

30
 

0.
25

 
 

 
 

 
 

 
 

 
 

14
9 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 1

85
5 

60
 

43
 

31
 

86
 

0.
15

2 
0.

26
 

-1
8.

52
0.

1 
2.

9 
33

.9
3.

89
 

0.
27

 
9.

1 
0.

1 
0.

0 
fa

il 
0 

 
 

 
 

15
0 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 2

01
0 

52
 

46
 

28
 

89
 

0.
11

7 
0.

28
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
15

1 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 2
03

2A
 

58
 

44
 

40
 

85
 

0.
14

1 
0.

34
 

-1
7.

88
0.

1 
2.

4 
35

.9
4.

25
 

0.
25

 
 

 
 

 
 

 
 

 
 

15
2 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 2

03
2B

 
50

 
53

 
12

 
89

 
0.

11
1 

0.
33

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

15
3 

H
un

ts
m

an
's

 Q
ua

rr
y 

H
W

C
M

 2
16

98
 2

03
2C

 
59

 
38

 
45

 
77

 
0.

13
4 

0.
28

 
-1

8.
13

0.
4 

3.
6 

9.
4 

3.
62

 
0.

28
 

0.
8 

0.
0 

0.
1 

fa
il 

0 
 

 
 

 
15

4 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 2
05

0 
45

 
37

 
42

 
75

 
0.

12
6 

0.
24

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

15
5 

B
es

tw
al

l Q
ua

rr
y 

B
Q

01
J 

(9
51

) 
5 

48
 

79
 

37
 

0.
07

8 
0.

37
 

-2
2.

17
1.

7 
7.

2 
5.

3 
8.

23
 

0.
20

 
36

.6
 

0.
0 

4.
5 

O
K

 
3 

-2
1.

45
 

6.
45

 
3.

2 
 

15
6 

B
es

tw
al

l Q
ua

rr
y 

B
Q

92
A

 (1
7)

 
52

 
33

 
65

 
56

 
0.

09
4 

0.
27

 
-2

1.
20

0.
9 

3.
9 

5.
3 

5.
43

 
0.

12
 

1.
7 

0.
0 

2.
4 

O
K

 
3 

-2
1.

86
 

6.
09

 
3.

2 
 

15
7 

B
es

tw
al

l Q
ua

rr
y 

B
Q

92
A

 (2
6)

 
30

 
29

 
52

 
65

 
0.

07
4 

0.
37

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

15
8 

B
es

tw
al

l Q
ua

rr
y 

B
Q

95
C

 (8
03

) 
5 

36
 

71
 

47
 

0.
09

7 
0.

33
 

-2
2.

73
1.

3 
5.

5 
5.

1 
5.

83
 

0.
09

 
2.

9 
0.

2 
2.

3 
O

K
 

3 
-2

2.
16

 
6.

72
 

3.
3 

 
15

9 
B

es
tw

al
l Q

ua
rr

y 
B

Q
98

G
 (5

5)
 

47
 

39
 

82
 

55
 

0.
10

2 
0.

36
 

-2
4.

51
2.

5 
8.

2 
3.

9 
5.

98
 

0.
14

 
8.

8 
0.

1 
6.

3 
O

K
 

3 
-2

2.
14

 
6.

89
 

3.
2 

5.
23

 
16

0 
B

es
tw

al
l Q

ua
rr

y 
B

Q
99

G
 (4

56
) 

31
 

38
 

59
 

55
 

0.
08

7 
0.

27
 

-2
1.

15
1.

1 
5.

0 
5.

5 
4.

40
 

0.
16

 
4.

3 
0.

2 
2.

7 
O

K
 

3 
-2

1.
43

 
7.

41
 

3.
2 

 
16

1 
B

es
tw

al
l Q

ua
rr

y 
B

Q
99

G
 (4

94
) 

33
 

41
 

89
 

48
 

0.
11

7 
0.

35
 

-2
1.

53
1.

7 
7.

2 
4.

8 
4.

61
 

0.
18

 
9.

6 
0.

2 
5.

4 
O

K
 

3 
-2

1.
99

 
5.

31
 

3.
2 

 
16

2 
B

es
tw

al
l Q

ua
rr

y 
B

Q
99

G
 (5

25
) 

5 
30

 
57

 
73

 
0.

08
0 

0.
33

 
-2

2.
33

0.
8 

3.
7 

5.
1 

4.
89

 
0.

12
 

27
.9

 
0.

1 
2.

0 
O

K
 

3 
-2

2.
48

 
5.

96
 

3.
3 

6.
01

 
16

3 
B

es
tw

al
l Q

ua
rr

y 
B

Q
99

G
 (5

26
) 

50
 

32
 

56
 

61
 

0.
10

1 
0.

24
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
16

4 
B

es
tw

al
l Q

ua
rr

y 
B

Q
99

H
 (7

1)
 

47
 

31
 

49
 

61
 

0.
09

5 
0.

32
 

-2
0.

41
0.

8 
4.

1 
5.

6 
4.

06
 

0.
16

 
 

 
 

 
 

 
 

 
 

16
5 

B
es

tw
al

l Q
ua

rr
y 

B
Q

99
H

 (8
8)

 
27

 
38

 
73

 
52

 
0.

10
2 

0.
33

 
-2

2.
73

1.
7 

6.
8 

4.
6 

6.
61

 
0.

16
 

27
.7

 
0.

5 
6.

4 
O

K
 

3 
-2

2.
58

 
7.

32
 

3.
3 

5.
06

 
16

6 
B

es
tw

al
l Q

ua
rr

y 
B

Q
99

H
 (4

27
) 

21
 

33
 

57
 

60
 

0.
10

3 
0.

28
 

-2
2.

10
0.

9 
4.

2 
5.

2 
5.

31
 

0.
08

 
1.

3 
0.

2 
1.

6 
O

K
 

3 
-2

2.
58

 
7.

19
 

3.
2 

 
16

7 
B

es
tw

al
l Q

ua
rr

y 
B

Q
2K

S
 (2

78
) 

22
 

34
 

68
 

55
 

0.
09

8 
0.

29
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
16

8 
E

tto
n 

C
E

 
B

99
43

 
68

 
35

 
35

 
94

 
0.

12
6 

0.
21

 
-2

0.
55

3.
3 

10
.8

3.
9 

3.
80

 
0.

29
 

0.
6 

0.
7 

3.
8 

O
K

 
3 

-2
2.

08
 

6.
72

 
3.

2 
 

16
9 

E
tto

n 
C

E
 

B
15

66
3 

 
41

 
33

 
85

 
0.

15
8 

0.
24

 
-1

8.
58

0.
2 

3.
3 

24
.5

4.
33

 
0.

25
 

 
 

 
 

 
 

 
 

 
17

0 
E

tto
n 

C
E

 
B

14
80

7 
72

 
37

 
42

 
39

 
0.

11
5 

0.
27

 
-1

5.
46

0.
1 

2.
3 

31
.1

3.
82

 
0.

25
 

7.
5 

0.
0 

0.
1 

fa
il 

 
 

 
 

4.
17

 
17

1 
E

tto
n 

C
E

 
B

15
72

4 
50

 
32

 
51

 
53

 
0.

15
4 

0.
33

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

17
2 

E
tto

n 
C

E
 

B
15

72
6 

65
 

33
 

36
 

72
 

0.
12

6 
0.

24
 

-2
0.

91
2.

8 
9.

5 
3.

9 
4.

00
 

0.
25

 
1.

9 
0.

9 
4.

0 
O

K
 

3 
-2

2.
37

 
6.

17
 

3.
2 

 
17

3 
E

tto
n 

C
E

 
B

15
73

3 
52

 
34

 
27

 
91

 
0.

13
6 

0.
24

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

17
4 

E
tto

n 
C

E
 

B
15

73
5 

54
 

37
 

42
 

68
 

0.
13

3 
0.

21
 

-2
0.

40
3.

5 
11

.4
3.

8 
3.

77
 

0.
29

 
0.

2 
0.

8 
3.

2 
O

K
 

3 
-2

1.
95

 
4.

75
 

3.
2 

 
17

5 
E

tto
n 

C
E

 
B

16
11

7 
52

 
25

 
34

 
45

 
0.

13
5 

0.
48

 
-1

5.
00

0.
1 

3.
7 

45
.0

4.
08

 
0.

33
 

 
 

 
 

 
 

 
 

 
17

6 
E

tto
n 

C
E

 
B

16
12

1 
55

 
34

 
34

 
64

 
0.

12
8 

0.
35

 
-1

9.
31

0.
1 

3.
2 

28
.6

3.
82

 
0.

28
 

 
 

 
 

 
 

 
 

 
17

7 
E

tto
n 

C
E

 
B

16
29

0 
65

 
51

 
27

 
40

 
0.

13
2 

0.
31

 
-1

3.
13

0.
1 

1.
9 

34
.5

4.
14

 
0.

25
 

 
 

 
 

 
 

 
 

 
17

8 
E

tto
n 

C
E

 
B

16
29

9 
52

 
30

 
39

 
55

 
0.

14
5 

0.
31

 
-2

0.
36

1.
0 

5.
9 

6.
7 

3.
58

 
0.

25
 

0.
2 

0.
0 

0.
9 

fa
il 

3 
-2

0.
85

 
6.

03
 

3.
4 

 
17

9 
E

tto
n 

C
E

 
B

16
30

0 
52

 
27

 
40

 
48

 
0.

13
9 

0.
30

 
-2

0.
22

1.
0 

5.
4 

6.
5 

4.
07

 
0.

24
 

0.
3 

0.
0 

0.
5 

fa
il 

1 
-2

1.
50

 
4.

84
 

3.
4 

3.
58

 
18

0 
E

tto
n 

C
E

 
B

14
81

8 
53

 
31

 
37

 
45

 
0.

09
4 

0.
40

 
-1

5.
20

0.
1 

1.
6 

25
.2

3.
81

 
0.

27
 

 
 

 
 

 
 

 
 

 
18

1 
E

tto
n 

C
E

 
B

14
82

2 
52

 
38

 
37

 
80

 
0.

09
9 

0.
41

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

18
2 

E
tto

n 
C

E
 

B
14

82
6 

72
 

34
 

40
 

45
 

0.
10

4 
0.

52
 

-1
8.

02
0.

1 
2.

4 
30

.2
3.

61
 

0.
31

 
19

.1
 

0.
0 

0.
5 

fa
il 

1 
-2

9.
37

 
 

86
.4

 
 

18
3 

E
tto

n 
C

E
 

B
14

54
7 

48
 

34
 

43
 

47
 

0.
09

8 
0.

32
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
18

4 
E

tto
n 

C
E

 
B

15
47

7 
58

 
37

 
54

 
49

 
0.

11
9 

0.
28

 
-1

7.
94

0.
1 

2.
8 

30
.6

3.
86

 
0.

25
 

 
 

 
 

 
 

 
 

 
18

5 
E

tto
n 

C
E

 
B

16
30

2 
35

 
32

 
36

 
55

 
0.

11
0 

0.
41

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

18
6 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
28

3 
59

 
34

 
40

 
78

 
0.

11
0 

0.
32

 
-2

1.
69

0.
2 

2.
4 

17
.6

3.
92

 
0.

16
 

3.
9 

0.
0 

0.
0 

fa
il 

0 
 

 
 

 
18

7 
Im

pe
ria

l C
ol

l S
po

rts
 G

rd
 

IM
C

96
 1

28
5A

 
60

 
39

 
39

 
68

 
0.

10
2 

0.
19

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

18
8 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
28

5B
 

50
 

36
 

35
 

80
 

0.
10

0 
0.

20
 

-1
9.

44
0.

1 
2.

1 
17

.1
4.

41
 

0.
16

 
 

 
 

 
 

 
 

 
 

18
9 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
28

6A
 

34
 

43
 

14
 

93
 

0.
10

3 
0.

25
 

-2
1.

00
0.

3 
2.

6 
11

.4
6.

02
 

0.
15

 
 

 
 

 
 

 
 

 
 

19
0 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
28

6B
 

41
 

35
 

33
 

87
 

0.
12

1 
0.

39
 

-2
1.

93
0.

2 
2.

1 
12

.0
4.

77
 

0.
15

 
11

.8
 

0.
2 

0.
0 

fa
il 

0 
 

 
 

 
19

1 
Im

pe
ria

l C
ol

l S
po

rts
 G

rd
 

IM
C

96
 1

87
3A

 
38

 
37

 
36

 
87

 
0.

11
7 

0.
22

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

19
2 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
87

3B
 

49
 

37
 

40
 

67
 

0.
12

2 
0.

39
 

-2
0.

75
0.

2 
2.

0 
13

.6
4.

79
 

0.
14

 
 

 
 

 
 

 
 

 
 

19
3 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
87

3C
 

58
 

39
 

35
 

74
 

0.
12

3 
0.

25
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
19

4 
Im

pe
ria

l C
ol

l S
po

rts
 G

rd
 

IM
C

96
 4

84
4A

 
47

 
40

 
32

 
83

 
0.

12
2 

0.
40

 
-2

2.
85

0.
3 

1.
8 

7.
2 

 
0.

09
 

 
 

 
 

 
 

 
 

 
19

5 
Im

pe
ria

l C
ol

l S
po

rts
 G

rd
 

IM
C

96
 4

84
4B

 
70

 
40

 
40

 
82

 
0.

09
1 

0.
28

 
-2

2.
09

0.
2 

2.
3 

11
.7

4.
99

 
0.

14
 

 
 

 
 

 
 

 
 

 
19

6 
Im

pe
ria

l C
ol

l S
po

rts
 G

rd
 

IM
C

96
 4

84
4C

 
61

 
38

 
35

 
78

 
0.

10
0 

0.
27

 
-2

0.
39

0.
5 

3.
0 

7.
1 

4.
71

 
0.

13
 

8.
4 

0.
5 

0.
0 

fa
il 

0 
 

 
 

 
19

7 
Im

pe
ria

l C
ol

l S
po

rts
 G

rd
 

IM
C

96
 4

84
7A

 
48

 
47

 
38

 
69

 
0.

10
1 

0.
20

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



  
23

 

19
8 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 4
84

7B
 

43
 

50
 

35
 

67
 

0.
09

8 
0.

23
 

-1
9.

61
0.

4 
2.

9 
8.

5 
4.

51
 

0.
14

 
 

 
 

 
 

 
 

 
 

19
9 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
03

58
A

 
44

 
42

 
46

 
55

 
0.

12
3 

0.
34

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

20
0 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
03

58
B

 
15

 
46

 
44

 
64

 
0.

12
3 

0.
35

 
-2

2.
10

0.
2 

1.
9 

10
.9

4.
68

 
0.

12
 

12
.5

 
0.

1 
0.

1 
fa

il 
0 

 
 

 
4.

02
 

20
1 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
03

58
C

 
62

 
48

 
43

 
63

 
0.

12
9 

0.
35

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

20
2 

Im
pe

ria
l C

ol
l S

po
rts

 G
rd

 
IM

C
96

 1
03

58
D

 
48

 
45

 
43

 
62

 
0.

13
2 

0.
37

 
-2

3.
74

0.
2 

2.
0 

10
.4

7.
08

 
0.

11
 

 
 

 
 

 
 

 
 

 
20

3 
Im

pe
ria

l C
ol

l S
po

rts
 G

rd
 

IM
C

96
 1

11
51

A
 

62
 

58
 

11
 

93
 

0.
10

5 
0.

27
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
20

4 
Im

pe
ria

l C
ol

l S
po

rts
 G

rd
 

IM
C

96
 1

11
51

B
 

60
 

50
 

29
 

64
 

0.
10

6 
0.

36
 

-2
1.

41
2.

5 
8.

4 
3.

9 
3.

76
 

0.
22

 
5.

0 
0.

3 
2.

6 
O

K
 

3 
-2

2.
29

 
7.

95
 

3.
2 

 
20

5 
Im

pe
ria

l C
ol

l S
po

rts
 G

rd
 

IM
C

96
 1

15
3 

54
 

60
 

14
 

90
 

0.
09

8 
0.

24
 

-2
0.

86
0.

6 
3.

4 
7.

0 
6.

10
 

0.
16

 
 

 
 

 
 

 
 

 
 

20
6 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

11
49

A
 

47
 

32
 

54
 

28
 

0.
11

9 
0.

27
 

-2
0.

67
0.

2 
3.

7 
19

.3
3.

99
 

0.
23

 
0.

0 
0.

0 
0.

0 
fa

il 
0 

 
 

 
 

20
7 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

11
49

B
 

43
 

36
 

40
 

47
 

0.
13

0 
0.

30
 

-2
1.

56
0.

2 
4.

2 
22

.6
5.

26
 

0.
25

 
 

 
 

 
 

 
 

 
 

20
8 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

11
49

C
 

62
 

37
 

40
 

20
 

0.
12

5 
0.

24
 

-2
1.

85
0.

5 
5.

1 
11

.1
3.

89
 

0.
23

 
 

 
 

 
 

 
 

 
 

20
9 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

11
49

D
 

62
 

32
 

55
 

26
 

0.
13

0 
0.

28
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
21

0 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
11

49
E

 
64

 
35

 
63

 
32

 
0.

11
7 

0.
25

 
-2

0.
98

3.
7 

12
.0

3.
8 

3.
99

 
0.

25
 

0.
2 

0.
1 

2.
9 

O
K

 
3 

-2
2.

29
 

7.
10

 
3.

2 
3.

28
 

21
1 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

11
49

F 
42

 
32

 
57

 
35

 
0.

11
9 

0.
33

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

21
2 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

11
49

G
 

50
 

35
 

35
 

19
 

0.
11

2 
0.

27
 

-1
9.

60
1.

5 
5.

9 
4.

7 
4.

03
 

0.
21

 
0.

3 
0.

0 
1.

0 
O

K
 

3 
-2

1.
60

 
4.

11
 

3.
3 

 
21

3 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
11

49
H

 
70

 
28

 
50

 
25

 
0.

12
6 

0.
32

 
-2

1.
41

1.
3 

6.
4 

5.
9 

4.
31

 
0.

24
 

0.
5 

1.
5 

1.
5 

O
K

 
3 

-2
1.

70
 

4.
01

 
3.

3 
 

21
4 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

70
00

A
 

45
 

45
 

29
 

89
 

0.
10

7 
0.

35
 

-2
3.

89
0.

4 
4.

1 
11

.9
4.

62
 

0.
17

 
19

.5
 

0.
4 

0.
0 

fa
il 

0 
 

 
 

 
21

5 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
70

00
B

 
55

 
28

 
22

 
47

 
0.

10
7 

0.
35

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

21
6 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

70
00

C
 

53
 

31
 

47
 

58
 

0.
11

6 
0.

39
 

-2
2.

26
0.

8 
5.

2 
7.

5 
4.

23
 

0.
26

 
 

 
 

 
 

 
 

 
 

21
7 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

70
00

D
 

60
 

42
 

46
 

75
 

0.
11

4 
0.

39
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
21

8 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
70

00
E

 
70

 
36

 
40

 
75

 
0.

11
2 

0.
28

 
-1

6.
81

0.
2 

3.
1 

19
.5

3.
76

 
0.

26
 

0.
0 

0.
0 

0.
0 

fa
il 

0 
 

 
 

 
21

9 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
70

00
F 

43
 

35
 

33
 

85
 

0.
13

4 
0.

34
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
22

0 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
70

00
G

 
53

 
29

 
36

 
57

 
0.

11
7 

0.
48

 
-2

4.
13

0.
5 

4.
5 

9.
9 

6.
66

 
0.

21
 

 
 

 
 

 
 

 
 

 
22

1 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
70

00
H

 
57

 
33

 
41

 
72

 
0.

14
5 

0.
27

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

22
2 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

70
00

J 
53

 
27

 
25

 
48

 
0.

14
0 

0.
36

 
-2

2.
25

0.
3 

4.
2 

17
.4

4.
11

 
0.

24
 

12
.6

 
0.

2 
0.

0 
fa

il 
0 

 
 

 
 

22
3 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

70
00

K
 

70
 

27
 

25
 

46
 

0.
12

6 
0.

25
 

-2
0.

68
0.

4 
4.

0 
12

.4
4.

40
 

0.
27

 
 

 
 

 
 

 
 

 
 

22
4 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

80
00

A
 

45
 

35
 

30
 

56
 

0.
11

3 
0.

34
 

-2
0.

40
2.

0 
7.

7 
4.

4 
3.

97
 

0.
22

 
8.

1 
1.

3 
2.

4 
O

K
 

3 
-2

2.
03

 
7.

83
 

3.
2 

 
22

5 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
80

00
B

 
50

 
31

 
35

 
47

 
0.

10
6 

0.
28

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

22
6 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

80
00

C
 

39
 

45
 

19
 

92
 

0.
11

9 
0.

35
 

-2
3.

44
1.

3 
6.

2 
5.

6 
4.

30
 

0.
25

 
24

.5
 

0.
8 

0.
0 

fa
il 

0 
 

 
 

3.
85

 
22

7 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
80

00
D

 
60

 
26

 
37

 
51

 
0.

10
5 

0.
27

 
-2

0.
22

0.
8 

4.
2 

6.
3 

5.
33

 
0.

21
 

 
 

 
 

 
 

 
 

 
22

8 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
80

00
E

 
57

 
41

 
18

 
64

 
0.

11
1 

0.
41

 
-2

0.
96

1.
1 

6.
0 

6.
3 

4.
04

 
0.

24
 

 
 

 
 

 
 

 
 

 
22

9 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
80

00
F 

50
 

44
 

38
 

89
 

0.
12

1 
0.

24
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
23

0 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
80

00
G

 
67

 
35

 
38

 
65

 
0.

11
5 

0.
20

 
-2

0.
42

0.
2 

3.
5 

23
.3

3.
78

 
0.

24
 

0.
3 

0.
0 

0.
0 

fa
il 

0 
 

 
 

 
23

1 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
80

00
H

 
53

 
39

 
44

 
78

 
0.

12
0 

0.
30

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

23
2 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

80
00

J 
49

 
34

 
49

 
67

 
0.

11
3 

0.
31

 
-2

1.
61

1.
3 

6.
3 

5.
6 

4.
58

 
0.

24
 

 
 

 
 

 
 

 
 

 
23

3 
C

le
ve

la
nd

 F
ar

m
 

W
25

7 
80

00
K

 
58

 
32

 
50

 
70

 
0.

11
5 

0.
30

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

23
4 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

19
80

A
 

40
 

31
 

34
 

51
 

0.
11

4 
0.

26
 

-2
0.

84
1.

0 
4.

7 
5.

5 
4.

09
 

0.
22

 
0.

4 
0.

0 
1.

4 
O

K
 

1 
-2

2.
41

 
8.

11
 

3.
3 

4.
46

 
23

5 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
19

80
B

 
53

 
46

 
42

 
71

 
0.

10
7 

0.
25

 
-2

1.
45

0.
3 

2.
5 

11
.1

4.
71

 
0.

19
 

 
 

 
 

 
 

 
 

 
23

6 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
19

80
C

 
50

 
54

 
22

 
83

 
0.

10
6 

0.
24

 
-1

8.
92

0.
2 

2.
7 

14
.7

4.
67

 
0.

16
 

 
 

 
 

 
 

 
 

 
23

7 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
19

80
D

 
32

 
47

 
35

 
66

 
0.

14
7 

0.
31

 
-2

1.
18

0.
2 

3.
1 

19
.4

6.
39

 
0.

20
 

 
 

 
 

 
 

 
 

 
23

8 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
19

80
E

 
47

 
46

 
45

 
58

 
0.

11
8 

0.
32

 
-1

9.
82

0.
2 

2.
5 

15
.6

4.
50

 
0.

18
 

 
 

 
 

 
 

 
 

 
23

9 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
23

48
A

 
53

 
48

 
35

 
80

 
0.

13
4 

0.
25

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

24
0 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

23
48

B
 

57
 

32
 

59
 

75
 

0.
12

0 
0.

31
 

-1
8.

19
0.

1 
2.

4 
34

.3
3.

75
 

0.
25

 
7.

9 
0.

0 
0.

0 
fa

il 
0 

 
 

 
 

24
1 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

23
48

C
 

65
 

31
 

53
 

84
 

0.
13

5 
0.

24
 

-1
6.

76
0.

1 
2.

9 
36

.7
4.

47
 

0.
23

 
 

 
 

 
 

 
 

 
 

24
2 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

23
48

D
 

57
 

30
 

59
 

75
 

0.
13

8 
0.

27
 

-1
8.

42
0.

1 
2.

2 
28

.5
3.

57
 

0.
26

 
 

 
 

 
 

 
 

 
 

24
3 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

23
48

E
 

59
 

31
 

64
 

73
 

0.
13

6 
0.

27
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
24

4 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
25

45
A

 
39

 
31

 
59

 
71

 
0.

13
9 

0.
30

 
-1

8.
61

0.
1 

1.
9 

29
.5

3.
98

 
0.

25
 

22
.7

 
0.

0 
0.

0 
fa

il 
0 

 
 

 
 

24
5 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

25
45

B
 

57
 

35
 

60
 

75
 

0.
13

0 
0.

20
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
24

6 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
25

45
C

 
23

 
30

 
54

 
65

 
0.

15
1 

0.
27

 
-1

8.
50

0.
1 

1.
9 

30
.2

3.
86

 
0.

22
 

 
 

 
 

 
 

 
 

 
24

7 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
25

45
D

 
58

 
32

 
71

 
51

 
0.

13
0 

0.
28

 
-2

0.
69

0.
1 

2.
3 

42
.1

4.
34

 
0.

23
 

 
 

 
 

 
 

 
 

 
24

8 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
25

45
E

 
38

 
35

 
63

 
60

 
0.

14
0 

0.
36

 
-2

0.
23

0.
1 

1.
8 

24
.1

4.
40

 
0.

21
 

 
 

 
 

 
 

 
 

 



  
24

 

24
9 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

38
24

A
 

65
 

34
 

41
 

78
 

0.
13

9 
0.

21
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
25

0 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
38

24
B

 
65

 
36

 
37

 
86

 
0.

14
4 

0.
23

 
-2

0.
74

0.
1 

3.
2 

34
.7

3.
78

 
0.

26
 

3.
8 

0.
0 

0.
0 

fa
il 

0 
 

 
 

 
25

1 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
38

24
C

 
50

 
36

 
44

 
80

 
0.

16
3 

0.
41

 
-2

3.
98

0.
1 

2.
9 

27
.1

4.
70

 
0.

23
 

 
 

 
 

 
 

 
 

 
25

2 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
38

24
D

 
65

 
33

 
38

 
81

 
0.

12
5 

0.
31

 
-1

9.
66

0.
2 

4.
7 

37
.0

3.
95

 
0.

24
 

 
 

 
 

 
 

 
 

 
25

3 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
38

24
E

 
60

 
34

 
38

 
76

 
0.

17
1 

0.
37

 
-2

2.
50

0.
1 

2.
7 

32
.4

5.
52

 
0.

25
 

 
 

 
 

 
 

 
 

 
25

4 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
38

50
A

 
63

 
33

 
36

 
89

 
0.

16
8 

0.
31

 
-2

0.
98

0.
1 

3.
2 

37
.3

4.
03

 
0.

27
 

4.
0 

0.
0 

0.
0 

fa
il 

0 
 

 
 

 
25

5 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
38

50
B

 
60

 
37

 
23

 
90

 
0.

16
1 

0.
43

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

25
6 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

38
50

C
 

60
 

41
 

17
 

93
 

0.
14

3 
0.

23
 

-1
7.

55
0.

1 
3.

0 
35

.4
3.

61
 

0.
24

 
 

 
 

 
 

 
 

 
 

25
7 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

38
50

D
 

60
 

36
 

42
 

73
 

0.
13

1 
0.

27
 

-1
8.

73
0.

0 
2.

2 
51

.6
3.

85
 

0.
26

 
 

 
 

 
 

 
 

 
 

25
8 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

38
50

E
 

60
 

39
 

30
 

90
 

0.
14

6 
0.

24
 

-1
9.

69
0.

1 
3.

1 
34

.1
3.

61
 

0.
24

 
1.

0 
0.

0 
0.

0 
fa

il 
0 

 
 

 
 

25
9 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

72
55

A
 

54
 

46
 

37
 

65
 

0.
14

5 
0.

29
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
26

0 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
72

55
B

 
19

 
50

 
28

 
74

 
0.

16
1 

0.
31

 
-2

0.
68

0.
1 

2.
6 

27
.5

4.
34

 
0.

19
 

 
 

 
 

 
 

 
 

 
26

1 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
72

55
C

 
50

 
48

 
42

 
54

 
0.

16
2 

0.
28

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

26
2 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

72
55

D
 

55
 

44
 

49
 

53
 

0.
18

6 
0.

32
 

-2
4.

26
0.

2 
2.

1 
16

.4
5.

88
 

0.
18

 
16

.1
 

0.
0 

0.
0 

fa
il 

0 
 

 
 

3.
92

 
26

3 
K

in
gs

m
ea

d 
Q

ua
rr

y 
H

54
63

5 
72

55
E

 
5 

42
 

54
 

41
 

0.
14

8 
0.

23
 

-1
9.

38
0.

1 
2.

5 
29

.4
4.

59
 

0.
19

 
 

 
 

 
 

 
 

 
 

26
4 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 8

76
A

 
53

 
49

 
12

 
92

 
0.

10
7 

0.
27

 
-2

1.
10

1.
1 

4.
6 

4.
7 

3.
94

 
0.

17
 

0.
7 

0.
0 

0.
1 

fa
il 

 
 

 
 

 
26

5 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 8
76

B
 

48
 

47
 

8 
93

 
0.

11
8 

0.
27

 
-2

2.
79

1.
2 

4.
7 

4.
6 

5.
66

 
0.

17
 

 
 

 
 

 
 

 
 

 
26

6 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 8
76

C
 

38
 

43
 

31
 

63
 

0.
12

2 
0.

30
 

-2
0.

58
1.

0 
4.

5 
5.

4 
5.

73
 

0.
12

 
9.

3 
0.

2 
1.

5 
O

K
 

3 
-2

1.
22

 
6.

96
 

3.
2 

 
26

7 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 8
76

D
 

48
 

45
 

28
 

89
 

0.
13

1 
0.

25
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
26

8 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 8
76

E
 

63
 

39
 

43
 

75
 

0.
11

6 
0.

27
 

-2
0.

49
1.

0 
4.

4 
5.

3 
4.

60
 

0.
14

 
 

 
 

 
 

 
 

 
 

26
9 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 8

77
A

 
47

 
49

 
16

 
85

 
0.

11
4 

0.
28

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

27
0 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 8

77
B

 
39

 
52

 
10

 
93

 
0.

11
0 

0.
31

 
-2

1.
53

1.
2 

5.
0 

4.
7 

4.
12

 
0.

17
 

0.
3 

0.
0 

0.
0 

fa
il 

0 
 

 
 

 
27

1 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 8
77

C
 

68
 

40
 

23
 

75
 

0.
12

4 
0.

33
 

-2
3.

76
1.

5 
5.

2 
4.

2 
4.

95
 

0.
18

 
 

 
 

 
 

 
 

 
 

27
2 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 8

77
D

 
43

 
56

 
6 

95
 

0.
11

9 
0.

24
 

-1
9.

73
0.

9 
4.

8 
6.

0 
4.

91
 

0.
16

 
 

 
 

 
 

 
 

 
 

27
3 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 8

77
E

 
35

 
50

 
14

 
86

 
0.

11
8 

0.
33

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

27
4 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 1

30
1A

 
58

 
45

 
18

 
92

 
0.

10
2 

0.
25

 
-2

1.
38

0.
6 

3.
1 

6.
2 

4.
82

 
0.

15
 

0.
2 

0.
0 

0.
0 

fa
il 

0 
 

 
 

 
27

5 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 1
30

1B
 

50
 

58
 

11
 

88
 

0.
11

5 
0.

23
 

-2
2.

83
0.

6 
3.

1 
6.

2 
6.

18
 

0.
12

 
0.

9 
0.

0 
1.

3 
O

K
 

3 
-2

1.
31

 
6.

91
 

3.
2 

 
27

6 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 1
30

1C
 

59
 

54
 

8 
90

 
0.

11
3 

0.
23

 
-2

0.
33

0.
4 

3.
0 

9.
8 

5.
65

 
0.

13
 

 
 

 
 

 
 

 
 

 
27

7 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 1
30

1D
 

38
 

63
 

10
 

75
 

0.
09

3 
0.

23
 

-1
9.

65
0.

3 
2.

7 
10

.5
5.

47
 

0.
12

 
 

 
 

 
 

 
 

 
 

27
8 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 1

30
1E

 
50

 
50

 
13

 
91

 
0.

11
8 

0.
27

 
-2

0.
69

0.
8 

4.
1 

6.
2 

6.
08

 
0.

13
 

0.
4 

0.
0 

2.
2 

O
K

 
3 

-2
1.

58
 

8.
10

 
3.

2 
 

27
9 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 2

74
1A

 
58

 
45

 
27

 
92

 
0.

12
0 

0.
29

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

28
0 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 2

74
1B

 
57

 
50

 
20

 
91

 
0.

11
5 

0.
31

 
-2

1.
30

2.
0 

6.
8 

3.
9 

3.
84

 
0.

22
 

0.
2 

0.
0 

0.
5 

fa
il 

1 
-2

1.
48

 
6.

95
 

3.
2 

4.
06

 
28

1 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 2
74

1C
 

70
 

40
 

27
 

48
 

0.
12

2 
0.

33
 

-2
0.

07
1.

1 
4.

9 
5.

3 
5.

25
 

0.
20

 
0.

3 
0.

0 
2.

1 
O

K
 

3 
-2

1.
57

 
7.

65
 

3.
3 

 
28

2 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 2
74

1D
 

58
 

46
 

26
 

90
 

0.
10

4 
0.

28
 

-1
8.

91
0.

7 
3.

9 
6.

7 
4.

67
 

0.
19

 
 

 
 

 
 

 
 

 
 

28
3 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 2

74
1E

 
60

 
44

 
28

 
85

 
0.

10
9 

0.
24

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

28
4 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 2

74
2A

 
55

 
60

 
2 

98
 

0.
11

0 
0.

30
 

-2
1.

14
1.

4 
5.

4 
4.

4 
3.

81
 

0.
21

 
1.

5 
0.

0 
0.

1 
fa

il 
0 

 
 

 
 

28
5 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 2

74
2B

 
67

 
42

 
27

 
73

 
0.

10
8 

0.
34

 
-2

2.
87

2.
0 

6.
4 

3.
7 

4.
49

 
0.

19
 

 
 

 
 

 
 

 
 

 
28

6 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 2
74

2C
 

58
 

55
 

5 
96

 
0.

10
9 

0.
22

 
-1

9.
36

0.
9 

4.
5 

5.
9 

6.
10

 
0.

18
 

1.
3 

0.
0 

2.
6 

O
K

 
3 

-2
1.

58
 

8.
27

 
3.

2 
 

28
7 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 2

74
2D

 
31

 
45

 
7 

96
 

0.
09

8 
0.

23
 

-1
9.

25
0.

6 
3.

3 
6.

6 
5.

34
 

0.
14

 
 

 
 

 
 

 
 

 
 

28
8 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 2

74
2E

 
53

 
39

 
16

 
86

 
0.

10
5 

0.
26

 
-2

1.
30

1.
4 

5.
3 

4.
5 

3.
90

 
0.

16
 

0.
5 

0.
0 

0.
1 

fa
il 

 
 

 
 

4.
89

 
28

9 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 3
92

1A
 

18
 

41
 

16
 

92
 

0.
08

0 
0.

30
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
29

0 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 3
92

1B
 

5 
44

 
28

 
93

 
0.

11
9 

0.
31

 
-2

1.
75

0.
4 

2.
5 

7.
2 

- 
- 

27
.2

 
0.

1 
0.

0 
fa

il 
0 

 
 

 
 

29
1 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 3

92
1C

 
38

 
67

 
4 

98
 

0.
11

1 
0.

15
 

-1
9.

07
0.

2 
2.

3 
16

.1
6.

39
 

0.
13

 
 

 
 

 
 

 
 

 
 

29
2 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 3

92
1D

 
58

 
41

 
34

 
90

 
0.

13
8 

0.
34

 
-1

9.
91

0.
3 

2.
4 

8.
9 

4.
92

 
0.

15
 

13
.1

 
0.

0 
0.

0 
fa

il 
0 

 
 

 
 

29
3 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 3

92
1E

 
43

 
40

 
33

 
86

 
0.

11
6 

0.
23

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

29
4 

H
ad

de
nh

am
 C

E
 

C
54

0.
83

9.
60

 
40

 
40

 
29

 
89

 
0.

11
4 

0.
26

 
-1

8.
61

0.
1 

2.
0 

20
.7

6.
24

 
0.

16
 

 
 

 
 

 
 

 
 

 
29

5 
H

ad
de

nh
am

 C
E

 
C

39
1D

 
49

 
38

 
26

 
79

 
0.

14
5 

0.
24

 
-2

0.
75

0.
1 

2.
5 

20
.4

 
 

 
 

 
 

 
 

 
 

 
29

6 
H

ad
de

nh
am

 C
E

 
C

47
4D

 
37

 
40

 
31

 
58

 
0.

13
3 

0.
24

 
-2

2.
41

0.
1 

2.
3 

24
.0

5.
08

 
0.

19
 

18
.9

 
0.

0 
0.

0 
fa

il 
0 

 
 

 
 

29
7 

H
ad

de
nh

am
 C

E
 

C
47

5D
 

50
 

56
 

36
 

46
 

0.
10

0 
0.

28
 

-1
9.

90
0.

1 
1.

6 
13

.4
5.

26
 

0.
17

 
 

 
 

 
 

 
 

 
 

29
8 

H
ad

de
nh

am
 C

E
 

C
39

65
K

 
67

 
37

 
36

 
89

 
0.

12
6 

0.
24

 
-2

1.
79

0.
1 

3.
6 

29
.2

4.
36

 
0.

21
 

 
 

 
 

 
 

 
 

 
   



  

25 

A
pp

en
di

x 
III

: D
at

a 
(a

m
in

o-
ac

id
 ra

tio
s)

 
  

 
 

 
A

M
IN

O
 A

C
ID

 A
N

A
LY

SI
S 

ID
 

Si
te

 
Si

te
 ID

 
A

sp
G

lu
Se

r
G

ly
 

Th
r 

A
la

 
A

rg
Ty

r
Va

l
M

et
Ph

e
Ile

 
Le

u
Ly

s 
oh

P 
Pr

o 
  

  
  

M
ol

e 
%

 
35

 
H

ol
lo

w
ay

 L
an

e 
H

L 
87

 B
66

 
4.

2 
8.

8 
3.

6 
31

.6
1.

9 
11

.9
5.

5 
0.

1 
2.

5 
0.

3 
1.

4 
1.

3
2.

6 
2.

8 
9.

7 
11

.7
 

99
 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 1
 

4.
6 

8.
5 

3.
7 

25
.7

2.
2 

12
.5

6.
3 

0.
1 

3.
2 

0.
6 

1.
6 

1.
3

3.
0 

3.
0 

10
.8

 
12

.9
 

10
7 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 2
8 

4.
4 

9.
0 

3.
8 

28
.1

2.
1 

11
.9

6.
0 

0.
2 

3.
1 

0.
5 

1.
5 

1.
3

2.
9 

3.
1 

9.
9 

12
.4

 
11

7 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 9

2 
4.

3 
9.

2 
3.

4 
32

.1
1.

9 
11

.8
5.

7 
0.

0 
2.

8 
0.

3 
1.

3 
1.

1
2.

6 
2.

7 
9.

3 
11

.5
 

12
6 

B
er

in
sf

ie
ld

 
B

E
R

W
C

74
 G

ra
ve

 1
48

 
4.

1 
8.

8 
3.

4 
30

.4
1.

9 
11

.7
5.

9 
0.

1 
2.

9 
0.

4 
1.

3 
1.

1
2.

6 
2.

9 
10

.1
 

12
.4

 
12

7 
B

er
in

sf
ie

ld
 

B
E

R
W

C
74

 G
ra

ve
 1

49
 

3.
9 

8.
7 

3.
4 

32
.0

1.
8 

12
.3

5.
6 

0.
0 

2.
9 

0.
3 

1.
2 

1.
0

2.
3 

3.
3 

9.
6 

11
.8

 
13

1 
H

un
ts

m
an

's
 Q

ua
rr

y 
H

W
C

M
 2

16
98

 1
10

3 
B

ag
 2

 
4.

3 
9.

0 
4.

0 
31

.9
1.

8 
10

.9
5.

7 
0.

1 
2.

4 
0.

1 
1.

4 
1.

3
2.

7 
3.

1 
9.

5 
11

.8
 

15
9 

B
es

tw
al

l Q
ua

rr
y 

B
Q

98
G

 (5
5)

 
4.

3 
8.

8 
3.

5 
27

.9
1.

9 
11

.5
6.

2 
0.

2 
2.

5 
0.

1 
1.

5 
1.

4
2.

9 
3.

6 
10

.6
 

13
.0

 
16

2 
B

es
tw

al
l Q

ua
rr

y 
B

Q
99

G
 (5

25
) 

4.
4 

9.
1 

3.
4 

28
.8

1.
9 

11
.8

5.
9 

0.
2 

2.
7 

0.
0 

1.
4 

1.
3

2.
7 

3.
2 

10
.5

 
12

.6
 

16
5 

B
es

tw
al

l Q
ua

rr
y 

B
Q

99
H

 (8
8)

 
4.

3 
8.

9 
4.

1 
30

.8
2.

0 
11

.1
5.

8 
0.

2 
2.

3 
0.

4 
1.

4 
1.

2
2.

5 
2.

2 
10

.3
 

12
.3

 
16

6 
B

es
tw

al
l Q

ua
rr

y 
B

Q
99

H
 (4

27
) 

4.
1 

9.
0 

3.
5 

29
.5

2.
1 

11
.1

5.
9 

0.
2 

2.
7 

0.
5 

1.
5 

1.
2

2.
8 

3.
1 

10
.3

 
12

.5
 

17
8 

E
tto

n 
C

E
 

B
16

29
9 

4.
2 

9.
4 

3.
3 

30
.2

1.
9 

11
.2

5.
8 

0.
2 

2.
7 

0.
2 

1.
5 

1.
1

2.
7 

2.
8 

10
.1

 
12

.8
 

17
9 

E
tto

n 
C

E
 

B
16

30
0 

4.
2 

9.
5 

3.
5 

31
.7

1.
8 

11
.2

5.
5 

0.
2 

2.
6 

0.
1 

1.
4 

1.
1

2.
6 

2.
6 

9.
6 

12
.3

 
18

2 
E

tto
n 

C
E

 
B

14
82

6 
0.

8 
0.

0 
6.

7 
24

.7
1.

7 
6.

9 
3.

0 
2.

0 
1.

9 
7.

8 
1.

1 
5.

1
7.

3 
15

.2
5.

6 
10

.3
 

21
0 

C
le

ve
la

nd
 F

ar
m

 
W

25
7 

11
49

E
 

4.
3 

9.
1 

4.
0 

28
.9

1.
9 

11
.1

6.
1 

0.
3 

2.
5 

0.
2 

1.
5 

1.
4

2.
9 

3.
0 

10
.2

 
12

.6
 

23
4 

K
in

gs
m

ea
d 

Q
ua

rr
y 

H
54

63
5 

19
80

A
 

4.
3 

9.
7 

3.
7 

29
.1

1.
9 

11
.1

6.
2 

0.
1 

2.
5 

0.
1 

1.
3 

1.
3

2.
8 

3.
4 

10
.7

 
11

.9
 

26
6 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 8

76
C

 
4.

2 
9.

2 
3.

3 
28

.8
1.

9 
11

.9
6.

0 
0.

1 
2.

6 
0.

0 
1.

4 
1.

3
2.

5 
3.

3 
11

.0
 

12
.7

 
28

0 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 2
74

1B
 

4.
4 

9.
3 

4.
1 

30
.5

1.
9 

10
.9

6.
1 

0.
2 

2.
4 

0.
1 

1.
4 

1.
2

2.
6 

2.
2 

10
.1

 
12

.7
 

28
1 

R
M

C
 L

an
d,

 H
ar

lin
gt

on
 

S
IE

00
 2

74
1C

 
4.

6 
9.

4 
3.

4 
28

.6
1.

9 
11

.1
6.

1 
0.

1 
2.

8 
0.

0 
1.

6 
1.

4
3.

0 
3.

0 
10

.5
 

12
.6

 
28

6 
R

M
C

 L
an

d,
 H

ar
lin

gt
on

 
S

IE
00

 2
74

2C
 

4.
3 

9.
2 

3.
7 

28
.6

1.
9 

11
.2

6.
1 

0.
2 

2.
7 

0.
0 

1.
5 

1.
4

2.
8 

3.
0 

10
.8

 
12

.8
 

   



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


