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Summary

Oxford Archaeology (OA) was commissioned by Historic Royal Palaces to carry out
an archaeological investigation and buildings recording during conservation works
around  and within  the  east  range  of  Base  Court  to  the  north  of  the  Anne  Boleyn
Gatehouse. The main objective of this report was to enhance our understanding of this
area of the palace through a thorough investigation of the elevations as well as their
associated roof structures and the arrangements within the range.  Investigation of the
brickwork in  the elevations has  re-affirmed what  was already believed about  their
sequence of construction and has enhanced as well as supported the brick typology
survey created by Daphne Ford for English Heritage (Ford 1991). 

The range immediately to the north of the Anne Boleyn Gatehouse was likely to have
been built  by Cardinal Wolsey and the exterior elevations up to second floor level
have  changed  little.  The  roof  structure  dates  to  the  17th century  alteration  or
heightening  of  the  range  from  second  floor  level.  However,  evidence  of  blocked
windows were detected on the Clock Court side of this range at second floor level
meaning that there may have been accommodation here during Wolsey's tenure at the
palace. This may have subsequently been altered to create more room and raise its
status.

To the north of this range, the Great Hall, the Buttery and their associated turrets and
small elevations all have primary brickwork of Brick Type C, meaning that they were
built during Henry VIII's extensive building works. Through past investigation of the
Great Hall and adjoining structures to the north (Oxford Archaeology 2012, 2012 &
2015), we have identified more than one phase of building during Henry VIII's tenure
at the palace, as well as reuse and alteration of various parts of Wolsey era structures.
Dendrochronology on the roof of the Buttery and on stair lintels in Turret 16, however,
have revealed that they are the same phase of works as the Great Hall.

The  investigation  revealed  some  features  of  significance  which  shed  light  on  a
possible previous, more open arrangement of the range at roof level. The evidence of
rebuilding in the return wall between the range to the immediate north of the Anne
Boleyn Gatehouse and the roof of the Buttery, suggests a relationship between these
two spaces that no longer exists. It may have been that there was access between these
areas for maintenance purposes or for passage from the Buttery, through Turret 12, to
the Main Roof space. The presence of a plastered wall and the skirting on the north
face of the return wall would lead us to believe that at one point this was a covered
area  with  enough  space  to  provide  access  for  people. All these  features  hint  at  a
previously unknown purpose for this area that is now obscured by its alteration.









Please see Appendix B for full Schedule of brick dates and sizes
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Please see Appendix D for the Table of Tree Ring Dating at Hampton Court Palace
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Details of Dendrochronological Analysis

The results of the dendrochronological analysis for the building under study are presented in
a number of detailed tables.  The most useful of these is the summary Table 1.  This gives
most of the salient results of the dendrochronological process, and includes details for each
sample, its location, and its felling date or date range, if successfully tree-ring dated.  This
last column is of particular interest to the end user, as it gives the actual year and season
when the tree was felled, if the final ring is present, or an estimated felling date range if the
sapwood is incomplete.  Occasionally it will be noted that the felling date ranges may not
coincide with the precise felling dates.  This is nothing to be overly concerned about so long
as these are not too far apart.  It must be remembered that the estimated felling date ranges
are calculated at a 95% confidence level, which means that statistically one sample in 20
will have felling dates which actually fall outside the predicted range.

It will also be noticed that often the precise felling dates will vary within several years of
each other.  Unless there is supporting archaeological evidence suggesting different phases,
all this would indicate is either stockpiling of timber, or of trees which have been felled or
died at  varying times but  not cut  up until  the commencement of  the particular building
operations  in  question.   When presented  with  varying  precise  felling  dates,  one  should
always take the latest date for the structure under study, and it is likely that construction will
have been completed for ordinary vernacular buildings within twelve or eighteen months
from this latest felling date (Miles 1997).

Table 2 gives an indication of the statistical reliability of the match between one sequence
and another. This shows the t-value over the number of years overlap for each combination
of samples in a matrix table.  It should be born in mind that t-values with less than 80 rings
overlap may not truly reflect  the same degree of match and that  spurious matches may
produce similar values. 

First, multiple radii have been cross-matched with each other and combined to form same-
timber means. These are then compared with other samples from the site and any which are
found to have originated from the same parent tree are again similarly combined.  Finally,
all samples, including all same timber and same tree means are combined to form one or
more site masters.  Again, the cross-matching is shown as a matrix table of t-values over the
number of years of overlap.  Reference should always be made to Table 1 to clearly identify
which components have been combined.

Table 3 shows the degree of cross-matching between the site master(s) with a selection of
reference  chronologies.   This  shows  the  county  or  region  from  which  the  reference
chronology  originated,  the  common  chronology  name  together  with  who  compiled  the
chronology with publication reference and the years covered by the reference chronology.
The years overlap of the reference chronology and the site master being compared are also
shown together  with the resulting  t-value.   It  should be appreciated that  well  replicated



regional reference chronologies, which are shown in bold, will often produce better matches
than with individual site masters or indeed individual sample sequences. 

Figures include a bar diagram which shows the chronological relationship between two or
more  dated  samples  from a  phase  of  building.   The  site  sample  record  sheets  are  also
appended, together with any plans showing sample locations, if available.

Publication of dated sites are published in Vernacular Architecture annually, and the entry,
if  available,  is  shown on the  summary page of  the  report.  This  does not  give as  much
technical data for the samples dated, but does give the t-value matches against the relevant
chronologies, provide a short descriptive paragraph for each building or phase dated, and
gives a useful short summary of samples dated.  These summaries are also listed on the web-
site  maintained  by  the  Laboratory,  which  can  be  accessed  at  www.Oxford-
dendroLab.com.   The Oxford Dendrochronology Laboratory retains copyright of this
report, but the commissioner of the report has the right to use the report for his/her own use
so long as the authorship is quoted.  Primary data and the resulting site master(s) used in the
analysis are available from the Laboratory on request by the commissioner and bona fide
researchers.  The samples form part of the Laboratory archives.
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M-Roof (The Main Roof) over Great Stair, between Great Hall and Anne Boleyn Gatehouse (Pine)
Thirteen timbers were sampled from this roof, and two samples were taken from one timber to get the 
maximum length of sequence (hcp214a and hcp214b).  These were combined to form the mean hcp214.  The 
various samples were all compared with each other, and three individual combined sequences were formed:  
Sample hcp211 and hcp213 were combined to form the 54-ring mean hcp2113.  Samples hcp214, hcp215, 
and hcp223 were combined to form the 140-year mean hcp21423.  And samples hcp217, hcp218, and hcp222
were all combined to form the 140-year mean hcp21722.  All three of these combined mean sequences were 
compared with each other, and the other individual sequences, but no further cross-matching was found.  These
and the other individual sequences were compared with the pine database but no conclusive dating was found. 
It is hoped that some of these might date in the future with the acquisition of further pine chronologies.

Buttery roof at west end of Great Hall: Floor frame above (real) Buttery
This flat low-pitched shed roof outside the great west window of the Hall has long been an enigma.  Having its
own stair turret, it clearly had once been floored and used as some sort of storage or accommodation in 
association with the Hall and Minstrel’s Gallery.  Seven structural timbers including main beams and joists 
were sampled from the intact floor frame, which included two floor joists, three floor or tiebeams, and two 
lintels set within the SW stair turret.  Only one of the tiebeams dated to 1509-41, and two joists to 1492-1524 
and circa 1532-3.  Apart from the slightly earlier joist (possibly reused from Wolsey’s work?) these dates 
correlate well with the winter 1531/2 and spring 1532 for the two integral turrets.  So it would look like this 
floor was constructed at the same time as the Great Hall, in the early 1530s.

Reconstructed Lead Roof
A series of three reused timbers in the present monopitch roof dated to the time of Wolsey.  One dated to the 
spring 1515 whilst another two date to the winter 1515/16.  These either came from the roof framing over the 
extant floor, or from some other building within the Palace which was being taken down at the time the 
monopitch roof was being constructed.  In any event, they are clearly earlier than the floor below and have 
been reused from one of the earliest phases of Wolsey’s work at Hampton Court, but just there before that we 
do not know.

Finally we have sampled some nine pine timbers making up the framing of the monopitch roof.  Five were 
from principal rafters, three from binders, and one was a pine floorboard on the existing floor joists.  Three 
principal rafters , , and  all matched together to form the same site master .  This 
was constructed spanning the years 1623-1817.  Two of the principal rafters had bark edge and were felled in 
the winter of 1817/18.  As they had come from the same parent tree as , it too could be ascribed the 
1817/18 felling date same as the others.  A fourth sample, , also dated individually to the winter of 
1817/18.  It was from a binder and may well have been a different source to the dated tiebeams above.  Given 
that all pine timbers from this roof dated to the winter of 1817/18, it is likely that this was reconstructed in 
1818 or within a year or two afterwards.



Buttery roof at west end of Great Hall Floor frame above (real) Buttery
c Floor joist 5th from W, Bay 1 F 1463-1518 1518 H/S + 15C NM 56 2.11 0.53 0.193 c 1532-3
c Floor joist VI, Bay 1 C 1376-1483 1483 H/S 108 1.25 0.54 0.181 1492-1524
c Tiebeam Truss2 H 1446-1500 1500 H/S 55 2.44 0.89 0.214 1509-41
c Tiebeam Truss3 L - H/S 53 1.93 1.00 0.204
c Tiebeam Truss 4  P - H/S 85 1.58 0.34 0.162
c N lintel SW turret M 1355-1531 1483 48¼C 177 1.12 0.58 0.164 Spring 1532
c S lintel SW turret N 1432-1531 1511 20C 100 1.39 0.37 0.170 Winter 1531/2

Reconstructed Lead Roof
c Reused joist 6th joist from A 1439-1515 1493 22C 77 1.13 0.34 0.163 Winter 1515/16
c Reused joist B4 from west K 1431-1510 1494 16 80 1.76 0.66 0.189
c   ditto 1483-1515 1494 21C 33 1.35 0.53 0.191

Mean of  + 1431-1515 1494 21C 85 1.70 0.63 0.180 Winter 1515/16
c Reused joist Bay 5 O 1404-1485 82 1.43 0.28 0.175
c   ditto 1434-1512 1496 16 79 1.15 0.35 0.192
s   ditto 1503-1514 12¼C 12 0.79 0.13 0.190

Mean of  +  + 1404-1514 1496 18¼C 111 1.26 0.37 0.177 Spring 1515

Key:  *, §  = sample included in site-master;  c = core;  mc = micro-core; s = slice/section; g = graticule; p = photograph; ¼C, ½C, C = bark edge present, partial or complete ring: 
        ¼C = spring (last partial ring not measured), ½C = summer/autumn (last partial ring not measured), or C = winter felling (ring measured); H/S bdry = heartwood/sapwood 
        boundary - last heartwood ring date; std devn = standard deviation;  mean sens = mean sensitivity



Sample Timber and position Dates AD H/S Sapwood No of Mean Std Mean Felling seasons and
number & type spanning bdry complement rings width devn sens dates/date ranges (AD)

 mm  mm  mm

Reconstructed Lead Roof (cont.)
c Principal rafter Truss1 (pine) E - 133 1.13 0.91 0.282
c   ditto - 123 0.51 0.23 0.338

Mean of  + - 212 0.88 0.80 0.305
c Binder, Bay 2 (pine) B 1693-1801 109 1.32 0.67 0.291
s   ditto 1757-1817 C 61 0.87 0.41 0.354

Mean of  + 1693-1817 C 125 1.22 0.67 0.293 Winter 1817/18
* c Principal rafter Truss 2 (pine) D 1623-1739 117 1.77 1.38 0.258 (Winter 1817/18)

c E binder B3 (pine) G - C 123 1.20 0.57 0.201
c W binder B3 (pine) J - 108 1.25 0.64 0.187

* c Principal rafter Truss 3 (pine) I 1629-1817 C 189 1.08 0.91 0.249 Winter 1817/18
c Principal rafter Truss 4 (pine) S - 59 2.34 0.82 0.232
c   ditto 1670-1741 72 0.88 0.50 0.221
c   ditto 1701-1817 C 117 0.55 0.20 0.269

* Mean of  +  + 1670-1817 C 148 0.71 0.41 0.259 Winter 1817/18
c Principal rafter Truss 5 (pine) R - 101 1.43 0.84 0.214
s Pine floorboard Bay 1 Q - 62 1.27 0.56 0.200



Sample Timber and position Dates AD H/S Sapwood No of Mean Std Mean Felling seasons and
number & type spanning bdry complement rings width devn sens dates/date ranges (AD)

 mm  mm  mm

M-Roof over Great Stair, between Great Hall and Anne Boleyn Gatehouse (Pine)
c Collar, 1st truss from the S - 45 2.69 0.58 0.225
c East principal rafter, 1st truss from the S - 44 1.40 0.51 0.246
c West purlin at north end of west roof - +4 NM 54 2.13 0.62 0.252
c 6th common rafter from N end, W roof (II) - +14 NM 34 0.82 0.12 0.130
c   ditto - +20 NM 117 0.98 0.41 0.155

Mean of  + - 117 0.98 0.41 0.147
c West common rafter 7th (I), west roof - 51 1.31 0.31 0.200
c Collar, 2nd truss from S - 63 2.03 0.77 0.211
c 6th common rafter E from T1, W roof (X11 1V) - 102 0.75 0.32 0.180
c 6th common rafter W from T1, W roof (XII) - 106 0.76 0.39 0.244
c 5th common rafter E from T1, W roof (X) - 76 1.26 0.44 0.176
c 4th common rafter W from T1, W roof (XIII) - +c 50C NM 121 0.72 0.28 0.173
c East principal rafter 2nd truss from E, E roof - +2-3C NM 62 1.61 0.61 0.313
c 1st common rafter S of T2, E roof - C 79 0.63 0.27 0.214
c 3rd common rafter N of T2, E side, E roof - C 108 0.70 0.36 0.185

Mean of  + - 54 2.38 0.56 0.231
Mean of  +  + - 140 0.93 0.47 0.155
Mean of  +  + - 140 0.77 0.36 0.203

Key:  *, §  = sample included in site-master;  c = core;  mc = micro-core; s = slice/section; g = graticule; p = photograph; ¼C, ½C, C = bark edge present, partial or complete ring: 
        ¼C = spring (last partial ring not measured), ½C = summer/autumn (last partial ring not measured), or C = winter felling (ring measured); H/S bdry = heartwood/sapwood 
        boundary - last heartwood ring date; std devn = standard deviation;  mean sens = mean sensitivity



Explanation of terms used in Table 1

The summary table gives most of the salient results of the dendrochronological process. For ease in quickly referring to various types of information, these have all been presented in Table 1. The
information includes the following categories:

Sample number:  Generally, each site is given a two or three letter identifying prefix code, after which each timber is given an individual number.  If a timber is sampled twice, or if two timbers were
noted at time of sampling as having clearly originated from the same tree, then they are given suffixes ‘ ’, ‘ ’, etc.  Where a core sample has broken, with no clear overlap between segments, these are
differentiated by a further suffix ‘ ’, ‘ ’, etc.  

Type shows whether the sample was from a core ‘c’, or a section or slice from a timber‘s’.  Sometimes photographs are used ‘p’, or timbers measured in situ with a graticule ‘g’.  

Timber and position column details each timber sampled along with a location reference.  This will usually refer to a bay or truss number, or relate to compass points or to a reference drawing.  

Dates AD spanning gives the first and last measured ring dates of the sequence (if dated), 

H/S bdry is the date of the heartwood/sapwood transition or boundary (if present).  This date is critical in determining an estimated felling date range if the sapwood is not complete to the bark edge.  

Sapwood complement gives the number of sapwood rings. The tree starts growing in the spring during which time the earlywood is produced, also known also as spring growth.  This consists of
between one and three decreasing spring vessels and is noted as Spring felling and is indicated by a ¼ C after the number of sapwood ring count.  Sometimes this can be more accurately pin-pointed to
very early spring when just a few spring vessels are visible. After the spring growing season, the latewood or summer growth commences, and is differentiated from the proceeding spring growth by the
dense band of tissue.  This summer growth continues until just before the leaves drop, in about October. Trees felled during this period are noted as summer felled (½ C), but it is difficult to be too
precise, as the width of the latewood can be variable, and it can be difficult to distinguish whether a tree stopped growing in autumn or winter.  When the summer growth band is clearly complete, then
the tree would have been felled during the dormant winter period, as shown by a single C. Sometimes a sample will clearly have complete sapwood, but due either to slight abrasion at the point of
coring, or extremely narrow growth rings, it is impossible to determine the season of felling.

Number of rings:  The total number of measured rings present on the samples analysed.

Mean ring width:  This, simply put, is the sum total of all the individual ring widths, divided by the number of rings, giving an average ring width for the series.

Mean sensitivity:  A statistic measuring the mean percentage, or relative, change from each measured yearly ring value to the next; that is, the average relative difference from one ring width to the next,
calculated by dividing the absolute value of the differences between each pair of measurements by the average of the paired measurements, then averaging the quotients for all pairs in the tree-ring series
(Fritts 1976).  Sensitivity is a dendrochronological term referring to the presence of ring-width variability in the radial direction within a tree which indicates the growth response of a particular tree is
“sensitive” to variations in climate, as opposed to complacency.



Standard deviation: The mean scatter of a population of numbers from the population mean.  The square root of the variance, which is itself the square of the mean scatter of a statistical population of
numbers from the population mean.  (Fritts 1976).

Felling seasons and dates/date ranges is probably the most important column of the summary table.  Here the actual felling dates and seasons are given for each dated sample (if complete sapwood is
present).  Sometimes it will be noticed that often the precise felling dates will vary within several years of each other.  Unless there is supporting archaeological evidence suggesting different phases, all
this would indicate is either stockpiling of timber, or of trees which have been felled or died at varying times but not cut up until the commencement of the particular building operations in question.
When presented with varying precise felling dates, one should always take the latest date for the structure under study, and it is likely that construction will have been completed for ordinary vernacular
buildings within twelve or eighteen months from this latest felling date (Miles 2006).
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