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SUMMARY

Eight timbers were sampled within the tower and five timbers were sampled in
the bellframe. The timbers used in both structures were derived from relatively
fast-grown oak trees. None of the bellframe timbers could be dated, but two of
the large corner posts of the tower were successfully dated and were probably
felled at the same time. The mean heartwood-sapwood boundary date of AD
1373 gives a likely empirically-derived felling date range of AD 1382—-1414 for
these two timbers, whilst their combined felling date range derived through
OxCal is AD 1383-99 (95% probability).
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INTRODUCTION

This Grade II* listed church lies towards the east end of the village of West
Hanningfield, which is about 8km south of the city of Chelmsford (Figs 1 and 2).
It is believed to be of twelfth-century origin but with much alteration taking
place in the eighteenth and nineteenth centuries. Perhaps its most interesting
feature is the timber-framed tower, dated on construction and stylistic evidence
to the early thirteenth century (Hewett 1962). The frame is cruciform in plan
and weather boarded. The arms of the cross are of two stages, with low pitched
gabled roofs. The bells are presently not operable and have been this way for a
considerable period of time. The bells were cast in 1676, and are a rare example
of a complete seventeenth-century ring and listed as of historic importance by
the Church Buildings Council. An unpublished report on the condition of the
bell installation in 2015 by Whitechapel Bell Foundry Ltd. notes that the
bellframe was cut to install the 1676 bells, so it is reasonable to assume it
predates this, although they also note that some timbers have been replaced
since that time.

Dating was requested by David Eve in order to provide independent dating
evidence for the primary construction of the tower and bellframe, and any later
modifications, to inform advice relating to the impact that the proposed scheme
to return the bells to full circle ringing would have on the significance of the
timber-framing of the tower and the bellframe.

METHODOLOGY

Fieldwork for the present study was carried out in June 2015, following an
initial assessment of the potential for dating a few weeks earlier and
consultation with a local bat specialist on the most appropriate timing for
sampling to be undertaken. In the initial assessment accessible oak timbers with
more than 50 rings and where possible, traces of sapwood, were sought,
although slightly shorter sequences are sometimes sampled if little other
material is available. Those timbers judged to be potentially useful were cored
using a 15mm auger attached to an electric drill. The cores were glued to
wooden laths, labelled, and stored for subsequent analysis.

The cores were polished on a belt sander using 80 to 400 grit abrasive paper to
allow the ring boundaries to be clearly distinguished. The samples had their
tree-ring sequences measured to an accuracy of 0.01mm, using a specially
constructed system utilising a binocular microscope with the sample mounted
on a travelling stage with a linear transducer linked to a PC, which recorded the
ring widths into a dataset. The software used in measuring and subsequent
analysis was written by Ian Tyers (2004). Cross-matching was attempted by a
combination of visual matching and a process of qualified statistical comparison
by computer. The ring-width series were compared for statistical cross-
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matching, using a variant of the Belfast CROS program (Baillie and Pilcher
1973). Ring sequences were plotted on the computer monitor to allow visual
comparisons to be made between sequences. This method provides a measure of
quality control in identifying any potential errors in the measurements when the
samples cross-match.

In comparing one sample or site master against other samples or chronologies,
t-values over 3.5 are considered significant, although in reality it is common to
find demonstrably spurious t-values of 4 and 5 because more than one matching
position is indicated. For this reason, dendrochronologists prefer to see some t-
value ranges of 5, 6, and higher, and for these to be well replicated from
different, independent chronologies with both local and regional chronologies
well represented, except where imported timbers are identified. Where two
individual samples match together with a t-value of 10 or above, and visually
exhibit exceptionally similar ring patterns, they may have originated from the
same parent tree. Same-tree matches can also be identified through the external
characteristics of the timber itself, such as knots and shake patterns. Lower ¢-
values however do not preclude same-tree derivation.

Ascribing felling dates and date ranges

Once a tree-ring sequence has been firmly dated in time, a felling date, or felling
date range, is ascribed where possible. With samples which have sapwood
complete to the underside of, or including bark, this process is relatively
straightforward. Depending on the completeness of the final ring (ie if it has
only the spring vessels or early-wood formed, or the late-wood or summer
growth) a precise felling date and season can be given. If the sapwood is
partially missing, or if only a heartwood/sapwood transition boundary survives,
then an estimated felling date range can be given for each sample. The number
of sapwood rings can be estimated by using an empirically derived sapwood
estimate with a given confidence limit. If no sapwood or heartwood/sapwood
boundary survives then the minimum number of sapwood rings from the
appropriate sapwood estimate is added to the last measured ring to give a
terminus post quem or felled-after date.

A review of the geographical distribution of dated sapwood data from historic
timbers has shown that a sapwood estimate relevant to the region of origin
should be used in interpretation, the empirically derived estimate for this area
being 9—41 rings (Miles 1997).

However, an alternative method of estimating felling date ranges has been
developed (Miles 2005) which runs as a function implemented in OxCal (Bronk
Ramsey 2009; Miles 2006). Following the methodology set out by Millard
(2002), Bayesian statistical models are used to produce individual sapwood
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estimates for samples using the variables of number of heartwood rings present,
the mean ring width of those heartwood rings, the heartwood/sapwood
boundary date, and the number of any surviving sapwood rings or a count of
those lost in sampling. These individual probability distributions for the felling
dates (expressed at the 95% probability level) may then be combined to produce
a highest probability density estimate for the combined felling date range.
When carried out within OxCal, this uses a sapwood model that has to be
defined. Miles (2005) suggested several such models, of which the one that has
been deemed appropriate to apply to the timbers in this case is that for ‘England
and Wales AD’. This model is based on timbers from throughout England and
Wales, with a bias to those in the most densely-dated counties of Shropshire,
Somerset, Hampshire, Oxfordshire, and Kent.
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Figure 1: Map showing the location of the village (circled) in relation to the
District of Chelmsford. © Crown Copyright and database right 2016. All rights
reserved. Ordnance Survey Licence number 100024900
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Figure 2: Map of the village, showing the position of the church within the
village. © Crown Copyright and database right 2016. All rights reserved.
Ordnance Survey Licence number 100024900

It has, however, been found that some samples do not fit the available models
well (Tyers 2008). These include samples which have exceptional or sudden
variation in mean ring width, such as might be found in pollarded or managed
timber. Sometimes a tree will exhibit a sudden drop in mean ring width toward
the end of its life, resulting in more sapwood rings being present then might be
suggested in the faster-grown heartwood. Additionally, samples which have
come from small timbers converted from larger, slow-grown trees would have a
much larger number of heartwood rings than were actually present in the
sample. Some examples of heartwood ring counts of 25 years or less with a
narrow mean ring width are good indicators of this situation, as are
observations made during sampling. Thus, it is necessary to very carefully
consider whether or not samples are potentially suitable for such analysis.

It must be emphasised that dendrochronology can only date when a tree has

been felled, not when the timber was used to construct the structure or object
under study. Thus, the dates derived for the felling of the trees used in
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construction do not necessarily relate directly to the date of construction of the
building. However, evidence suggests that, except in the reuse of timbers,
construction in most historical periods took place within a very few years after
felling (Salzman 1952; Hollstein 1965; Miles 2005).

RESULTS

The Bellframe

Five samples were taken from the bellframe, two from each of the two
southernmost frames, and one from a beam in the south-east corner supporting
the raised bellframe (Fig 3; Table 1). They were all of relatively fast-grown oak
resulting in the samples having relatively short ring series, and only two of the
samples had enough rings to make measuring them viable, the remaining
samples having too few rings for further analysis. Neither of the two measured
sequences could be cross-matched and when compared with the available dated
reference material they could not be successfully dated either.

The Tower

Samples were taken from eight timbers within the tower, including three of the
large corner posts, three braces, a sill and a rail (Figs 3—5; Table 1). Duplicate
samples (whanOla and whan01b) were taken from the south-east corner post as
the first sample (whanO1a) had broken, with a loss of rings between the two
sections. Although the two sections of this fragmented core, whanO1lai and
whanO1aii, had less than the usual minimum number of rings required for
viable analysis they were measured in this instance to enhance the data from
whanO1b and all three series were combined to form whanO1m. The trees used
were again all relatively fast-grown oaks and one series (whan06) had abrupt
growth changes, possibly due to woodland management, which would adversely
affect its dating potential.

Two series whan01 and whan02 cross-matched each other (t = 5.1 with 65 years
overlap) and were combined into a single series, WHANFLD1, for subsequent
analysis (Fig 6). Series whan04 and whan05 also cross-matched each other (¢ =
4.5 with 50 years overlap) and were combined into a single series, WHANFLD2,
for subsequent analysis (Fig 7). The two combined series and the four
unmatched individual series were compared with the available dated reference
material. Series WHANFLD1 was successfully dated, some of the strongest
matches being listed in Table 2, but none of the other series could be
conclusively dated.
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INTERPRETATION AND DISCUSSION

Samples whan01 and whan02, both corner posts from the tower, are clearly
coeval (Fig 6). They have a mean heartwood-sapwood boundary date of AD
1373, resulting in a likely empirically derived felling date range of AD 1382—
1414. This indicates a construction date, shortly after felling, in the latter
decades of the fourteenth century or the early-fifteenth century for the tower.

In addition to the conventional empirically derived felling date range it was
considered that these two dated timbers were suitable for the application of the
Bayesian modelling technique. OxCal v4.2.4 (Bronk Ramsey 2014) was used to
produce sapwood estimates for each of the two dated samples (Table 1; Fig 8).
The two samples produced identical individual sapwood ranges and thus, a
Bayesian approach to combining the individual sapwood estimates following the
methodology of Millard (2002), was used to derive the likely combined felling
date range (Fig 8). The combined index agreement (Acomb125.2%, An=50%,
n=2) shows this to be a coherent pair. This methodology derives a posterior
density estimate for the combined felling date range of AD 1383—-99 (95%
probability), and construction is assumed to have taken place within months of
the trees being felled. This, therefore, refines the result obtained from the
conventional empirically derived felling date range and suggests that
construction of the tower occurred in the latter part of the fourteenth century.

The two other cross-matched but undated series, whan04 and whan05 were
from the south-west corner post and a brace in the north-west corner of the
tower respectively. Their relative positions of overlap are shown in Figure 7 and
it seems likely that these two timbers are coeval and hence felled at the same, or
similar, time as each other.

The lack of dating evidence obtained for the bellframe is disappointing but the
dating of the tower, although based on only two timbers, is important not only
with respect to enhancing the understanding of this particular church, but also
in the wider context of the development of carpentry in the region, as discussed
by Hewett (1962). Hewett (ibid) derived a sequence for the likely building of a
series of timber towers in churches in Essex, based on the evidence available at
that time, and assigned likely construction dates. He postulated a sequence of
construction dates for these timber towers from ¢ AD 1220 for the Church of All
Saints, Doddinghurst, to ¢ AD 1480 for the Priory Church of St Lawrence,
Blackmore (Table 3; Hewett ibid, pp236—7 and 242-3), later amended (Hewett
1969) to ¢ AD1485. This analysis, along with previous dendrochronological
studies, has demonstrated that these towers are in fact much closer in date to
each other than Hewett proposed (Table 3) and hence allows a greater
understanding of the development of such timber towers, at least in Essex.
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Table 1: Details of samples taken from the Church of St Mary and St Edward, West Hanningfield, Essex

Sample Timber and position Noof | MRW Dates h/s Sapwood Mean Empirical Oxcal-derived
number rings | (mm) |spanning | boundary| rings sensitivity | felling date felling date
(AD) (AD) range (AD) distribution
(95% probability)
Tower
whanOlai |South-east corner post 33 4.15 | 1308-40 - - 0.25
whanO1laii |South-east corner post 19 1.99 | 1353-71 - - 0.22
whanO1b |South-east corner post 66 221 |1308-73| 1373 h/s 0.28
whanO1lm |Mean of Olai, Olaii, and 01b 66 2.60 |1308-73 1373 h/s 0.25 1382- 1381-1405
1414
whan02 |North-east corner post 71 2.48 | 1302-72| 1372 h/s 0.20 1381- 1381-1405
1413
whan03 | East curved brace to south-east post 48 3.53 - - h/s 0.26 - -
whan04 | South-west corner post 57 2.20 - - - 0.15 - -
whan05 | North brace to the north-west corner post 64 2.42 - - 1612C 0.27 - -
whan06 | Curved inner brace from south-west corner post 64 2.32 - - h/s 0.25 - -
to the rail supporting the floor
whan07 |North top rail supporting the floor 58 1.84 - - 281-C 0.21 - -
whan08 | Sill running west-east near north-west corner 51 209 ) ) h/s 027 - )
post
Bellframe
whanB01 |Beam in south-east corner, supporting raised <30 NM - - - - - -
frame
whanB02 |West long brace to outer southern frame 75 1.64 - - 241HC 0.17 - -
whanBO03 |Sole beam to outer south frame 39 1.95 - - - 0.14 - -
whanB04 |West long brace to inner southern frame <30 NM - - - - - -
whanB05 |Sole beam to inner southern frame <30 NM - - - - - -

Key: MHW= mean ring width; h/s = heartwood-sapwood boundary; NM = not measured; ¥2C = complete sapwood, felled the following summer

Table 2: Dating evidence for the site sequence WHANFLDI at AD 1302-73
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Source region: Chronology name: Publication reference: Filename: Span of Overlap |t-value
chronology |(years)
(AD)
Regional chronologies
London London Master Chronology (Tyers pers comm) LONDON 413-1728 72 5.8
East Anglia East Anglia Master Chronology |(Bridge 2003) ANGLIAO3 944-1789 72 5.3
S Central England | South Central England (Wilson et al 2012) SCENG 663-2009 72 5.2
Site chronologies
Hertfordshire Presbytery Roof, Abbey Church, |(Howard et al 2001) STACSQO04 1302-1369 68 6.3
St Albans
London Hays Wharf, Southwark (Tyers 1996a; Tyers 1996b) HAYS_W85 1248-1647 72 6.1
London Bankside, Southwark (Tyers 1996¢) 37BSBOAT 1313-1476 72 6.0
Essex St John the Baptist Church, (Bridge 2005) THXTDCH 1212-1404 72 5.9
Thaxted
Warwickshire Guildhall/Pedagogues House, |(Arnold et al 2006) SUABSQO1 1305-1403 69 5.6
Stratford-on-Avon
Dorset Priests House, Wimborne (Miles 1994) WIMBORNE 1259-1634 72 5.5
Minster
London White Tower, Tower of London |(Miles 2007) WHTOWRS5 1260-1489 72 5.4
Kent St Mary Magdalen Church, (Howard et al 1999) CWDASQO03 1254-1439 72 5.2
Cowden
Oxfordshire Manor Farm, Swinbrook (Miles and Haddon-Reece MANORFM 1296-1401 72 5.2
1993)
Northamptonshire | St Leonards’ Church, Apethorpe |(Arnold and Howard 2008) APTCSQO1 1211-1403 72 5.2
Hampshire North Warnborough (Miles and Worthington 2000) | OAKHOLME 1300-1401 72 5.2




ANVIDONT DO LSIH ©

Gl

910C - ¥¢

Table 3: Comparison of dates for Essex bell towers proposed by Hewett (1962) with dendrochronologically-derived dates

Location Date (AD) proposed by Dendrochronologically-
Hewett (1962) derived date (AD)
All Saints’ Church, Doddinghurst cl1220 undated
(Tyers 1996d; Tyers 2002)
Church of St Thomas the Apostle, ¢1220-50 1365-91

Navestock

(Tyers and Groves 1999)

Church of St Mary and St

13th century, probably pre-

1382-1414 [1383-99]

Edward, West Hanningfield 1245

All Saints’ Church, Stock Harvard c1245-1315 -

Church of St Margaret, c1450 -
Margeretting

Priory Church of St Laurence, c1480 1400
Blackmore (Miles et al 2005)
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Figure 6: Bar diagram, WHANFLD1, showing the relative positions of overlap and likely empirical felling date ranges for
the dated samples from the tower of the Church of St Mary and St Edward, West Hanningfield, Essex. White bar —
heartwood
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Figure 7: Bar diagram WHANFLD2, showing the relative positions of overlap of two undated samples from the tower of the
Church of St Mary and St Edward, West Hanningfield, Essex. White bar — heartwood; yellow hatched bar — sapwood
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Figure 8: Church of St Mary and St Edward, West Hanningfield: combined felling date range and individual felling date
distributions for timbers from the tower included in site chronology WHANFLDI1. Individual felling date distributions are
shown in outline and the 95% probability individual felling date ranges are listed. The 95% probability combined felling date
range is shown in black and italic text



APPENDIX

Ring width values (0.01mm) for the sequences measured
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