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The radiocarbon chronology of the Navan 
excavations 
R B W a r n er 

P A R T 1 : P R I N C I P L E S A N D M E T H O D S 

In t roduct io n 

T h i s C h a p t er e x a m i n es t h e 4 3 r a d i o c a r b on d a t es 
from t h e e x c a v a t i o n s, a l l b u t t h r ee o b t a i n ed from 
s a m p l es s u b m i t t ed b y D M W a t e r m a n. T h e d a t es a re 
s u b j e ct t o a r i g o r o us s c r u t i ny a nd a re a n a l y s ed i n 
t e r ms o f t h e i r s t r a t i g r a p h ic r e l a t i o n s h i ps a nd i n t e r ms 
o f t h e t y p es a nd c o n t e x ts o f t h e s a m p le m a t e r i a l. T h e 
c o n t r i b u t i on o f t h e d a t es t o t h e c h r o n o l o gy o f t h e 
e x c a v a t i o ns i s s u g g e s t ed i n t h e l i g h t o f t h e a n a l y s is 
a nd i n t e r p r e t a t i o n. 

F o r t y s a m p l es w e r e u s ed t o g i v e 4 3 r a d i o c a r b on 
d a t es c o v e r i ng a l l t h e m a i n p h a s es o f s i te B a nd t h e 
e a r ly a nd l a t e p h a s es o f s i te A ( s ee D a t e - l i s ts at e nd o f 
t h e C h a p t e r ) .' A t t h e t i m e o f t h e e x c a v a t i on a nd f o r 
s o me t i m e t h e r e a f t er t h e s t a t us o f r a d i o c a r b on d a t i ng 
as a d i r e c t, s i m p l e, r e l a t i v e ly p r e c i se a nd a b s o l u te 
d a t i ng m e t h od w as u n i v e r s a l ly a c c e p t e d. A l a r ge 
n u m b er o f s a m p l es w as p r e s e n t ed f o r d a t i ng b e c a u se 
i t w as f e l t t h at t h e se w o u l d p r o v i de a d e t a i l ed c h r o-
n o l o gy o f t h e p h a s e s, s u b - p h a s es a nd f e a t u r es o f t h e 
s i t e. I n d e ed t h e d a t es o b t a i n ed s e e m ed t o b e, a c c o r d-
i n g t o t h e s i m p le m e t h o d o l o gy o f i n t e r p r e t a t i on t h en 
c o m m o n p l a c e, c l e a r ly i n a c c o rd w i t h t h e g e n e r al 
c h r o n o l o g i c al t r e nd o f t h e a r t i f a c ts i n s u g g e s t i ng t h at 
p h a s es 3 a nd 4 r a n b e t w e en t h e l a t er p a rt o f t h e 
B r o n ze A g e a nd t h e e a r l i er p a rt o f t h e I r o n A g e — 
a b o ut t h e 8 t h t o t h e 3 r d c e n t u r i es B C . 

T h e p l a c i ng o f b o t h t h e r i n g - d i t c h, 3 ( i ) , a nd r i n g -
s l o t s, 3 ( i i - i i i ) , i n t o t h e s a me g e n e r al p h a se b y t h e 
e x c a v a t or i s e v i d e n ce o f h i s c o m m i t m e nt t o t h i s i n t e r -
p r e t a t i o n, w h i c h h as b e en f o l l o w e d b y m o st c o m -
m e n t a t o rs s i n c e. I t w as a b e g u i l i ng i n t e r p r e t a t i on as i t 
s u g g e s t ed a c o n t i n u i ty o f o c c u p a t i o n, a nd o f h o u se 
t y p e ( as t h e s o u t h e rn r i n g - s l o ts m a y b e i n t e r p r e t e d ), 
s p a n n i ng t h e o b s c u re t r a n s i t i on b e t w e en t h e B r o n ze 
a nd I r o n A g e s. N a v an h a s, t h e r e f o r e, b e en s e en as t h e 
k e y t o t h i s t r a n s i t i on a nd as t h e l i k e l y p r o v i d er o f k e y 

e v i d e n ce f o r t h e m e c h a n i s ms b y w h i c h t h e e a r ly I r o n 
A g e a r o s e .̂  

T w o a d v a n c es s h o ok t h i s o p t i m i s t i c v i e w a nd h a ve 
n e c e s s i t a t ed a r a d i c al r e t h i nk o f t h e c h r o n o l o g y. T h e 
f i r s t w as t h e d e n d r o c h r o n o l o g i c al d a t i ng o f t h e c e n-
t r a l p o st o f t h e m u l t i - r i n g t i m b er s t r u c t u re ( p h a se 4 ) 
t o 9 5 B C ( B a i l l i e 1 9 8 6^ 1 9 8 8) a nd t h e s e c o nd w as t h e 
r e a l i z a t i on a nd d e m o n s t r a t i on t h at a r a w r a d i o c a r b on 
d a te o f a s a m p le w as a v e r y d i f f e r e nt t h i n g f r o m a n 
a b s o l u te d a te f o r a c o n t e x t .̂  T h e r e i n t e r p r e t a t i on o f 
t h e d a t es s u g g e s t ed b e l ow g i v es u s a r a t h er d i f f e r e nt 
p i c t u r e o f t h e c h r o n o l o gy o f N a v an from t h at w h i c h 
h as h e l d s w ay f o r t h e l a st t w e n ty y e a r s, b u t o ne t h at 
m a y b e m o r e i n a c c o rd w i t h o t h er e v i d e n c e .*  I t i s a l so 
c l e ar f r o m t h e a n a l y s is t h at w h i l e r a d i o c a r b on d a t i ng 
c an b e a c r u c i al t o o l f o r p r e h i s t o r ic d a t i ng w h e n 
s u b j e c t ed t o r i g o r o us i n t e r p r e t a t i o n, i t c an b e m i s -
l e a d i ng w h e n i n t e r p r e t ed i n a s i m p l i s t i c f a s h i o n. 

T h e P r i nc i p l e s 
M o s t o f t h e t e c h n i c al p r o b l e ms o f r a d i o c a r b on d a t e s, 
a nd s u g g e s t i o ns f o r t h e i r s o l u t i o n, h a ve b e en w i d e l y 
p u b l i s h ed ( f o r e x a m p le M o o k a nd W a t e r b o lk 1 9 8 5; 
T a y l o r 1 9 8 7; B o w m a n 1 9 9 0 ), b u t b e c a u se c o n t r o-
v e r sy s t i l l s u r r o u n ds t h e s u b j e ct o f d a te m a n i p u l a t i on 
a nd i n t e r p r e t a t i on i t s e e ms w i s e t o s u m m a r i ze t h e 
r e l e v a nt a r g u m e n ts h e r e. I w i l l u se a s t r a t i g r a p h ic 
i n t e r p r e t a t i ve m e t h od t h at r e q u i r es e x p l a n a t i on at 
s o me l e n g t h. 

A R A D I O C A R B O N D A T E 

A r a d i o c a r b on d a te i s t h e ' a g e' o f a s a m p le o f o r g a n ic 
o r i g i n e s t i m a t ed f r o m t h e p r o p o r t i on o f t h e r a d i o a c-
t i v e i s o t o pe c a r b o n - 14 p r e s e nt i n t h at s a m p l e. T h i s 
i s o t o pe w a s o r i g i n a l l y t a k en u p b y t h e l i v i n g p a r e nt 
o r g a n i sm a nd i n c o r p o r a t ed i n t o t h e s a m p le w i t h t h e 
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s t a b le i s o t o p es o f c a r b on ( c a r b o n - 12 a nd c a r b o n - 1 3) 
i n r o u g h ly t h e s a me p r o p o r t i o ns as w e r e p r e s e nt i n 
t h e a t m o s p h e re at t h at t i m e . R a d i o a c t i ve d e c ay o f t h i s 
i s o t o p e, a nd t h us t h e c o n t i n u o us d e c r e a se o f i t s r e l a-
t i v e p r o p o r t i o n, p r o c e e ds f r o m t h e t i m e o f ' d e a t h' o f 
t h e s a m p le ( n o t n e c e s s a r i ly t h e s a me as t h e t i m e o f 
d e a th o f t h e p a r e nt o r g a n i sm — s ee t h e s e c t i on o n 
' t h e o l d - w o od e f f e c t ', b e l o w ). A f t e r a d j u s t m e n ts a re 
m a de f o r s o me s a m p le p r o p e r t i es a nd l a b o r a t o ry c o n-
d i t i o n s a nd p r o c e d u r e s, t h e ' c o n v e n t i o n a l' r a d i o c a r-
b o n d a te i s r e l e a s ed b y t h e l a b o r a t o r y. 

T H E C O N V E N T I O N A L D A T E 

T h i s i s g i v en i n t h e f o r m M + sd B P , w h e re M i s t h e 
mean o f t h e m e a s u r e m e n t, sd i s t h e standard deviation 
a nd B P means,years before 'present' ( A D 1 9 5 0 ) .' T h i s 
b e i ng f o r a l l i n t e n ts a nd p u r p o s es a normal o r gaussian 
s t a t i s t i c, w e m a y r e f er t o t h e s i m p le p r o b a b i l i s t ic 
p r o p e r ty o f s u ch — t h at t h e re i s a 9 5 % c h a n ce ( 1 9 
o u t o f 2 0 ) t h at t h e t r u e v a l ue o f t h e ' a g e' l i e s w i t h i n 
t w o s t a n d a rd d e v i a t i o ns e i t h er s i de o f t h e m e a n .̂  T h e 
c o n v e n t i o n al d a t es a re l i s t ed i n D a t e - l i st 1 , a nd a re 
s u m m a r i z ed i n t a b u l ar a nd v i s u al f o r m s i n D a t e - l i st 2 
a nd F i g 7 3 r e s p e c t i v e l y. 

L A B O R A T O R Y E R R O RS A N D O T H E R A D J U S T M E N T S 

O n e c o m p l i c a t i on t h at i s r e l a t i v e ly e a sy t o c o m p e n-
s a te f o r i s t h e f a ct t h at t h e d i f f e r e nt m e t a b o l ic p a t h-
w a y s o f d i f f e r e nt o r g a n i s ms t r e at t h e c a r b on i s o t o p es 
d i f f e r e n t l y , r e s u l t i ng i n s l i g ht c h a n g es t o t h e i r p r o p o r-
t i o n s. T h i s isotopic fractionation i n t h e s a m p le c an b e 
m e a s u r ed a nd a c a l c u l a t i on m a de t o a l l o w f o r i t s 
e f f e ct o n t h e d a t e. F o r a n u m b er o f t h e N a v an s a m-
p l es ( t h o se w h e re a p r e c i se v a l ue o f 5 ' ^ C i s g i v en i n 
D a t e - l i st 1 ) t h e m e a s u r e m e nt h as b e en d o ne b y t h e 
d a t i ng l a b o r a t o r y, a nd t h e q u o t ed c o n v e n t i o n al d a te 
i n c o r p o r a t es t h e c o r r e c t i o n. I n a l l o t h er c a s es I h a ve 
p r o v i d ed a n e s t i m a te ( i n p a r e n t h e s i s) o f t h e 
f r a c t i o n a t i on v a l ue b a s ed o n t h e m e an f o r i t s s p e c i es 
a n d, w h i l e t h e c o n v e n t i o n al d a t es i n D a t e - l i st 1 h a ve 
n o t b e en c h a n g ed t o i n c l u de t h e e s t i m a t e, t h e d a t es 
i n D a t e - l i s ts 2 a nd 3 h a ve b e en a d j u s t e d. 

I t h a s, s i n ce t h e N a v an s a m p l es w e r e d a t e d, b e en 
c o n f i r m ed t h at m a ny l a b o r a t o r i es h a ve r o u t i n e ly u n -
d e r e s t i m a t ed p o t e n t i al m e a s u r i ng e r r o r s, o w i n g t o 
o v e r - c o n f i d e n ce i n t h e p r o c e d u r es a nd e q u i p m e n t. I t 
i s p r e s e n t ly p r o p o s ed ( S c o tt et al 1 9 8 3) t h a t, u n l e ss 
t h e l a b o r a t o ry h as a l r e a dy t a k en t h i s p r o b l em i n t o 
a c c o u n t, t h e u n k n o w n e r r o rs s h o u ld b e c o m p e n s a t ed 
f o r b y m u l t i p l y i n g t h e s t a n d a rd d e v i a t i on ( s d) b y a n 
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a p p r o p r i a te f a c t or — t h e error multiplier. A n e r r or 
m u l t i p l i e r o f 1 .5 w i l l b e u s ed h e re f o r a l l d a t es u p t o , 
a nd i n c l u d i n g, d a te 3 7 , ' a nd t h e s t a n d a rd d e v i a t i o ns 
l i s t ed as s d*  i n D a t e - l i st 3 h a ve b e en so a d j u s t e d. S d* 
i s u s ed f o r a l l s t a t i s t i c al a n a l y s es a nd f o r c a l i b r a t i o n. 

C A L I B R A T I O N 

I t h as l o n g b e en c l e ar t h at t h e a c t u al p r o p o r t i on o f 
c a r b o n - 14 i n t h e a t m o s p h e re v a r i ed o v er t i m e . T h e r e-
f o r e t h e r a d i o c a r b on d a te o f a s a m p le ( w h i c h i s c a l c u-
l a t ed o n t h e a s s u m p t i on o f a c o n s t a nt a t m o s p h e r ic 
c a r b o n - 14 p r o p o r t i o n) w as l i k e l y t o b e d i f f e r e nt f r o m 
i t s a b s o l u te d a t e. T h e r e l a t i o n s h ip b e t w e en t h e t w o i s 
n o t u n i f o r m b u t , as a c o n s e q u e n ce o f t h e c a r e f ul 
r a d i o c a r b on d a t i ng o f d e n d r o c h r o n o l o g i c a l ly d a t ed 
w o o d , c a l i b r a t i on c u r v es h a ve b e en p r o d u c e d. T h e se 
a l l o w a n a b s o l u te d a te t o b e o b t a i n e d, o r ' r e ad o f f , 
f o r a ny r a d i o c a r b on ' d a t e '. M o r e s t r i c t l y , b e c a u se o f 
t h e n a t u re o f b o t h t h e r a d i o c a r b on m e a s u r e m e nt a nd 
t h e f l u c t u a t i o ns o f t h e c u r ve t h ey a l l o w a r e a l - d a te 
range t o b e o b t a i n ed f o r e a ch r a d i o c a r b on d a t e. S e v-
e r al p r o c e d u r es h a ve b e en p r o p o s ed t o e f f e ct t h i s 
c a l i b r a t i on — s o me s i m p le a nd o t h e rs c o m p l e x .̂  I 
h a ve u s ed t h e s i m p l e s t, w h i c h g i v es a calibrated date-
range ( F i g s 7 4 a nd 7 5 ) . ' 

T h e c a l i b r a t ed d a t e - r a n ge i s q u o t ed i n t h e f o r m 
' e a r l i e st l i m i t - l a t e st l i m i t B C / A D ' , a nd s i m p l y m e a ns 
t h at t h e re i s a 9 5 % p r o b a b i l i ty t h at t h e a b s o l u te d a te 
o f t h e s a m p le l i e s b e t w e en t h o se l i m i t s . T h e c a l i -
b r a t ed d a t e - r a n g es a re l i s t ed i n D a t e - l i st 3 ( ' r a n ge 1 ') 
a nd a re s u m m a r i s ed v i s u a l l y i n F i g 7 6 . T h r o u g h o ut 
t h e t e xt a d a te w i t h B P a p p e n d ed w i l l b e a n a d j u s t ed 
b u t u n c a l i b r a t ed d a te ( M ± s d * ) i n r a d i o c a r b on y e a r s. 
A d a te o r d a t e - r a n ge w i t h B C o r A D h as b e en c a l i -
b r a t e d, a nd i s i n r e al y e a r s . '" 

T H E O L D - W O O D E F F E C T 

O n l y t h e l i v i n g p a rt o f a p l a n t, t h at i s t h e p r e s e nt 
y e a r 's g r o w t h ( t h e l e a v es a nd o u t e r m o st ring i n t h e 
c a se o f a t r e e ), i n c o r p o r a t es w i t h i n i t s s u b s t a n ce t h e 
c a r b on d e r i v ed t h at y e ar f r o m t h e a t m o s p h e r e. I n 
o t h er w o r d s, o n l y t h e l i v i n g a nd g r o w i n g p o r t i o n o f 
t h e p l a nt h a s, w e m i g h t s a y, t h e r a d i o c a r b on d a te 
c o r r e s p o n d i ng t o t h at p a r t i c u l ar y e a r. A l l o t h er p a r ts 
o f t h e p l a nt a r e, o r g a n i c a l ly s p e a k i n g, d e a d. C l e a r l y, 
f o r s o me p l a nt m a t e r i a ls ( g r a s s, f o r i n s t a n c e) a l m o st 
a l l t h e g r o w t h i s c o n t e m p o r a ry a nd o f t h e t i m e o f i t s 
c o l l e c t i o n. I t i s , h o w e v e r, o b v i o us t h at t h e w o o d o f a 
m a t u re t r ee s p a ns t h e t i m e b e t w e en i t s f i r s t g r o w t h 
y e ar ( i t s c e n t r e) a nd i t s y e ar o f c u t t i n g ( t h e r i n g b e l ow 
t h e b a r k ). E a ch a n n u al g r o w t h r i n g h a s, t h e n, a d i f -
f e r e nt r a d i o c a r b on d a t e, t h e l a t e st ( t h e o u t e r m o s t) 
h a v i ng t h e d a te o f t h e c u t t i n g d o w n o f t h e t r ee ( t h e 
d e a th o f t h e w h o l e o r g a n i s m) a nd t h e e a r l i e st ( t h e 
i n n e r m o s t) h a v i ng t h e d a te o f t h e ' b i r t h ' o f t h e t r e e. 
I n s h o r t, t h e r a d i o c a r b on d a te o f a s a m p le o f w o o d 

d e r i v ed f r o m a m a t u re t r ee i s t h e m e an d a te at w h i c h 
t h at s a m p le g r e w, n o t t h e d a te at w h i c h t h e t r ee w as 
c u t d o w n . I w i l l c a l l t h i s ' l i f e ' a ge t h e organic age o f t h e 
s a m p l e. 

T h i s o r g a n ic a ge c a n, w i t h i n t h e m a t e r i al a v a i l a b le 
t o a r c h a e o l o g i s t s, b e a n y t h i ng f r o m z e ro t o t h e g r e a t-
e st p o s s i b le a ge o f t h at t y p e o f p l a nt i n t h e a p p r o p r i-
a te e n v i r o n m e n t. A n y t y p e o f o r g a n i s m, o r s a m p le 
d e r i v i n g f r o m i t , h as a maximum likely o r g a n ic a ge 
a nd I w i l l c a ll t h e e s t i m a te o f t h i s t h e age-lapse ( W a m er 
1 9 7 6; 1 9 9 0 ). F o r g r a ss t h e a g e - l a p se i s z e ro a nd f o r 
I r i s h o ak i t i s a b o ut 2 5 0 y e a rs ( o r p o s s i b ly m o r e, s ee 
b e l o w ) . M o r e o v e r, c e r t a in t y p es o f s a m p l es f r o m l o n g -
l i v e d o r g a n i s ms m a y h a ve d e m o n s t r a b ly s m a ll o r -
g a n ic a g es ( t w i g s a nd l e a v es f o r i n s t a n c e) a nd I w i l l 
a l l o w f o r t h i s b y g i v i n g s u ch t y p es a f a r s m a l l er a g e-
l a p se e s t i m a te t h an t h e p a r e nt o r g a n i s m. A l l s a m p l es 
m a y t h e r e f o re b e p l a c ed i n t o o ne o f t h r ee g r o u p s: 

short-life — m a t e r i al t h at c an b e s h o wn t o h a ve a 
s m a ll o r g a n ic a ge ( s u ch as g r a ss a nd t w i g s , a nd m o st 
t e r r e s t r i al a n i m al m a t t e r ); 
known-life — m a t e r i al w h i c h i s n o t s h o r t - l i f e b u t w h o se 
r e l a t i o n s h ip t o i t s c u t t i n g - d a te c an b e m e a s u r ed o n 
t h e s a m p l e; 
long-life — m a t e r i al whose organic age is unknown, a nd i s 
t h e r e f o re p o t e n t i a l ly l a r g e. T h i s i s, i n e f f e c t, a ny m a t e-
rial t h at c a n n ot be s h o wn t o be s h o r t - l i f e o r k n o w n - l i f e 
a nd m u st i n c l u de a l l m a t e r i al s i m p l y c a l l ed ' c h a r c o a l '. 
W h e r e t h e t y p e o f t r ee c an be i d e n t i f i ed a m a x i m u m 
p o s s i b le a ge ( t h e a g e - l a p s e) m a y b e e s t i m a t e d. 

I t f o l l o w s f r o m t h i s t h at a ny o r g a n i c a l ly o l d s a m p le i s 
o l d er t h an i t s c u t t i n g - d a t e, a nd p o s s i b ly e v en o l d er 
a g a in t h an i t s ' a r c h a e o l o g i c a l' u se a nd b u r i al c o n t e x t. 
I t a l so f o l l o w s t h at t h i s d i f f e r e n ce b e t w e en s a m p l e-
d a te a nd c u t t i n g - / c o n t e x t - d a te c o u l d b e c o n s i d e r a b le 
( s o m e t i m es u p t o 2 5 0 y e a r s) a nd c o u l d p r o f o u n d ly 
e f f e ct t h e i n t e r p r e t a t i on o f t h e r a d i o c a r b on d a t e. T h i s 
p o t e n t i al o r g a n ic a ge p r o b l em i s c a l l ed t h e old-wood 
effect. A r c h a e o l o g i s ts a l m o st a l w a ys a s s u me t h at t h e 
o l d - w o o d e f f e ct i s m i n i m a l a nd i g n o re i t i n t h e i r 
i n t e r p r e t a t i o n s ," e x c e pt w h e n i t c an b e c a l l ed u p o n 
t o e x p l a in a n ' a b e r r a n t' r a d i o c a r b on d a t e. I t c an b e 
s h o w n, h o w e v er ( f o r i n s t a n ce u s i ng t h e d a t es f r o m 
t h e N a v an m u l t i - r i n g t i m b er s t r u c t u r e, b e l o w ) , t h at 
t h e e f f e ct c a n n ot b e i g n o r e d, a nd i n d e ed i s l i k e l y t o b e 
b o t h p r e s e nt a nd s u b s t a n t i al i n a s i g n i f i c a nt n u m b er 
o f s a m p l es ( W a r n er 1 9 9 0 ). T h e e f f e ct m u st b e a l -
l o w e d f o r i f t h e s a m p l e - d a t es a re t o b e c o n v e r t ed t o 
c u t t i n g - d a t e s. 

I n t h e c a se o f s h o r t - l i f e m a t e r i al n o o l d - w o od e f f e ct 
i s p r e s e n t, a nd n o a d j u s t m e nt o r a l l o w a n ce i s r e-
q u i r e d. F o r k n o w n - l i f e m a t e r i al t h e w h o l e d a t e - r a n ge 
s h o u ld b e m o v ed t o w a r ds t h e p r e s e nt b y t h e e s t i-
m a t ed m e an o r g a n ic a ge o f t h e s a m p l e. L o n g - l i f e 
m a t e r i al p r e s e n ts a m o r e d i f f i c u l t ( a nd f a r c o m m o n e r) 
p r o b l em f o r w h i c h a n e m p i r i c al c o r r e c t i on i s a v a i l -
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a b le ( W a r n er 1 9 9 0 ). U n f o r t u n a t e ly i t i s n o t p o s s i b le 
t o d e c i de w h e t h er a ny p a r t i c u l ar l o n g - l i f e s a m p le i s 
s u f f e r i ng f r o m t h e e f f e ct so i t m u st b e a s s u m ed t h at 
a l l s u ch s a m p l es might b e s u b j e ct t o i t . B u t n e i t h er i s 
i t a l l o w a b le s i m p l y t o a s s u me i t s m a x i m u m p r e s e n c e. 
A t p r e s e nt t h e o n l y m e t h od o f a l l o w i n g f o r t h e o l d -
w o o d e f f e ct i s t o spread t h e d a t e - r a n g e, a f t er c a l i b r a-
t i o n , b y a n a m o u nt w h o se s i ze d e p e n ds o n t h e e s t i-
m a te o f a g e - l a p se a nd o n t h e a d j u s t ed s t a n d a rd d e-

v i a t i o n o f t h e s a m p l e . '̂  T h i s h as t h e e f f e ct o f m o v i n g 
t h e o l d er l i m i t s l i g h t l y t o w a r ds t h e p r e s e nt a nd t h e 
l a t er l i m i t m o r e s i g n i f i c a n t ly s o. I t t h e r e f o re w i d e ns 
t h e p r o b a b i l i ty r a n g e. W h e n t h e a d j u s t m e nt h as b e en 
m a de w e e nd u p w i t h a 9 5 % p r o b a b i l i ty f o r t h e 
c u t t i n g - d a te i n r e al y e a r s . '' T h e e s t i m a t ed c u t t i n g-
d a te r a n g es a re l i s t ed i n D a t e - l i st 3 ( r a n ge 2 ) a nd a re 
s u m m a r i z ed v i s u a l l y i n F i g 7 7 . 

T h e o l d - w o o d - a d j u s t ed d a t e - r a n ge i s q u o t ed i n t h e 
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f o r m ' e a r l i e st l i m i t - l a t e st l i m i t B C / A D ' , a nd s i m p l y 
m e a ns t h at t h e re i s a 9 5 % p r o b a b i l i ty t h at t h e a b s o l u te 
cutting-date o f t h e s a m p le l i e s b e t w e en t h o se l i m i t s . 
T h e f o l l o w i n g o l d - w o od p r i n c i p l e w i l l b e e m p l o y e d: 
an appropriate correction must be made for the potential 
old-wood effect in the case of all long-life samples. 

T h e v a l u es u s ed f o r a g e - l a p s e, a p p l i c a b le t o c h a r-
c o al a nd w o o d ' * ( s ee ' I d e n t i f i c a t i on o f s a m p le n a-
t u r e ', b e l o w ), a re g i v en i n T a b l e 2 3 . T h e a g e - l a p s es 
f o r e a ch s a m p le a re l i s t ed i n D a t e - l i st 3 a nd a re 
s u m m a r i z ed v i s u a l l y i n F i g s 7 3 a nd 7 6 . 

Wood type Age-lapse estimate 

o ak 2 5 0 y e a rs 
u n i d e n t i f i ed 2 5 0 y e a rs 
a sh 1 5 0 y e a rs 
a l d e r, b i r c h 1 0 0 y e a rs 
h a z el 5 0 y e a rs 
b r a n ch o n e q u a r t er o f t h e a b o ve 
t w i g s a nd s t r aw 0 y e a rs 
i d e n t i f i e d m i x c o m p r o m i se v a l ue 

T a b l e 2 4 : A g e - l a p se e s t i m a t es f o r s a m p l es o f w o o d o r c h a r c o al 

I D E N T I F I C A T I O N O F S A M P L E N A T U R E 

S a m p le i d e n t i f i c a t i on w as u n d e r t a k en b y t h e d a t i ng 
l a b o r a t o r y . '̂  I n s o me c a s es i t i s c l e ar t h at a s i n g l e-
p i e ce s a m p l e, f o r e x a m p le ' p l a n k' o r ' t i m b e r ', h ad 

b e en i d e n t i f i ed a nd d a t e d, a nd i n s u ch c a s es t h e 
i d e n t i f i c a t i on c an s a f e ly b e u s ed as a g u i de t o t h e 
v a l u e o f t h e a g e - l a p se t o b e a p p l i e d. H o w e v e r, i n 
m a n y c a s es t h e s a m p le i s d e s c r i b ed i n s u ch a w a y as 
t o l e a ve d o u bt a b o ut i t s t o t al n a t u r e, f o r e x a m p le 
' c h a r c o al ( a l d e r ) ', a nd r a i s es t h e v e r y r e al p o s s i b i l i ty 
t h at t h e i d e n t i f i c a t i on w as o f p a rt ( t h e i d e n t i f i a b le 
p a r t) o f t h e s a m p le o n l y . I n t h e se c a s es i t i s p r o b a b ly 
u n j u s t i f i a b le t o a s s u me t h at t h e i d e n t i f i c a t i on i s a s a fe 
g u i d e t o t h e v a l ue o f t h e a g e - l a p se a nd w e a re o b l i g ed 
t o a s s u me t h e p o s s i b i l i ty o f c o n t a m i n a t i on b y ' w o r s t-
c a s e' m a t e r i al ( o a k ). I n s u ch c a s es ( i d e n t i f i ed b y a n 
a s t e r i sk i n D a t e - l i st 2 ) I h a ve c h o s en a v a l ue o f a g e-
l a p se t h at s e e ms t o b e a r e a s o n a b le c o m p r o m i se b e-
t w e en i d e n t i f i c a t i on a nd ' w o r st c a s e '. A t c e r t a in p l a c es 
i n t h e d i s c u s s i on o f t h e d a t es t h i s c a u t i on w i l l b e s e en 
t o b e j u s t i f i e d . '" 

I t s h o u ld a l so b e r e m e m b e r ed t h at o n l y a d i s c r e te 
s a m p le h as a s i n g le r e al d a t e, c o n t a i n ed w i t h i n t h e 
p r o b a b i l i ty r a n g e. A n y m u l t i p l e s a m p l e, p a r t i c u l a r ly 
t h at t y p e o f t en d e s c r i b ed as o f ' c o m m i n u t ed c h a r-
c o a l ', i s l i k e l y t o c o n t a in s u b - s a m p l es o f a ny d a te 
w i t h i n t h e s p an o f t h e c o n t e xt a nd o f a ny o r g a n ic a g e. 
T h e ' d a t e' o f t h e s a m p le i s a s o rt o f m e an f o r t h e 
s a m p le ( W a r n er 1 9 7 6 ), a nd a l t h o u gh t h e p r o b a b i l i ty 
r a n ge w i l l c o n t a in t h i s m e an i t w i l l n o t r e f l e ct i n a ny 
w a y t h e r a n ge o f d a t es o f t h e w h o l e s a m p le o r o f t h e 
c o n t e xt t h at p r o d u c ed i t . 

W h e r e t h e o l d - w o od a d j u s t m e nt i s i n a d e q u a te ( t o o 
s m a ll a n a g e - l a p se w a s e s t i m a t e d) a d a te w i l l s t i l l be 
t o o o l d f o r i t s c o n t e x t. A d a te i s f a r l e ss l i k e l y t o be t o o 
l a t e ( s ee a l so ' t h e p r i n c i p l e o f r e s i d u a l i t y' b e l o w ). 
T h e r e f o r e, where two dates are irreconcilable the latest 
will  normally be given preference ( p r i n c i p l e o f i n a d-
e q u a te a d j u s t m e n t ). 

St ra t i g raph i c Ana l ys is of the Da tes 

C O N T E X T 

C o n s i d e r a t i o ns o f t h e i n d i v i d u al c o n t e x ts o f t h e d a t es 
w i l l b e l e f t f o r t h e d i s c u s s i on o f t h o se c o n t e x t s. I w i l l 
i n d i c a t e, o n t h e b a s is o f t h e n a t u re o f t h e c o n t e x t, 
w h e t h er s a m p l es s h o u ld be c o n s i d e r ed t o be contempo-
rary ( f i r s t d e p o s i t ed d u r i n g t h e l i f e o f t h e c o n t e x t) o r 
residual ( i n c o r p o r a t ed i n t o t h e c o n t e xt t h r o u gh d i s t u r-
b a n ce o f a n o l d er c o n t e x t ). U n r e c o g n i z ed i n t r u s i on o f a 
s a m p le fi-om a l a t er c o n t e xt o r m i s a s s i g n m e nt b y t h e 
e x c a v a t or w o u l d b o t h s e em t o b e u n l i k e l y . I w i l l m a ke 
n o a t t e m pt t o q u a n t i fy t h e t i m e f o r w h i c h a s a m p le i s 
l i k e l y t o h a ve b e en i n use b e f o re b u r i a l . T h e f o l l o w i n g 
p r i n c i p l e o f r e s i d u a l i ty w i l l a p p ly ( s ee a b o v e, p 1 52 f o r 
j u s t i f i c a t i o n ): where two dates are irreconcilable the latest is 
more likely to reflect the context-date ( s ee a l so ' t he p r i n c i -
p l e o f i n a d e q u a te a d j u s t m e n t ', a b o v e ). 

T h e p r i n c i p l e o f r e s i d u a l i ty a p p l i es p a r t i c u l a r ly t o 
t h e fill  o f t h e s l o t s, t h e r e f o r e: unless the material in the 
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N u m b er i n t e xt 

F I G 7 6 C a l i b r a t ed s a m p l e - d a t e s: s u m m a ry c h a rt 

fill  of a slot can be shown to be contemporary, for instance 
structural, it will  be assumed to have derived from an 
older context. 

C o n t e xt d a t e - r a n g es a re l i s t ed i n D a t e - l i st 3 ( r a n ge 
2 ) , a nd s u m m a r i z ed v i s u a l l y i n F i g 7 7 a nd i t s d e r i v a-
t i v e s b y t h e u se o f a s y m b ol ( > ) o r l e t t er ( r ) t o i n d i c a te 
p o s s i b le o r p r o b a b le r e s i d u a l i ty ( n o s y m b ol a nd t h e 
l e t t er c i n d i c a te p r o b a b le c o n t e m p o r a n e i t y ). I n o t h er 
w o r d s, w h e re c o n t e m p o r a n e i ty o f s a m p le a nd c o n-
t e x t h a ve b e en a s s u m ed t h e c o n t e x t - d a te a nd c u t t i n g-
d a te a re t h e s a m e. W h e r e r e s i d u a l i ty h as b e en t h o u g ht 
p r o b a b le t h e c o n t e x t - d a te i s a n u n k n o w n a m o u nt 
l a t er t h an t h e c u t t i n g - d a t e. T h e c o n t e xt d a t e - r a n g es 
a re u s ed i n t h e m a i n d i s c u s s i o n. 

T H E A N A L Y T I C A L M E T H O D 

T h e a n a l y s is o f t h e c h r o n o l o gy o f t h e s i te d e p e n ds 
h e a v i ly o n t h e s t r a t i g r a p hy o f t h e d a t e s. I n s o me c a s es 
t h e s t r a t i g r a p h ic i n f o r m a t i on i s h e l p ed b y c o n c l u s i o ns 
t h at c an b e d r a wn a b o ut t h e span o f e a ch p h a se o r s u b-
p h a se ( o r e v e n t ). I i d e n t i f y t w o k i n d s o f phase-span: a 
short-span p h a se i s o ne w h o se s p an i s l i k e l y t o b e s m a ll 
c o m p a r ed w i t h t h e p r o b a b i l i ty r a n ge — t y p i c a l l y o v er 
2 5 0 y e a rs — o f a c a l i b r a t ed r a d i o c a r b on d a t e. 

C l e a r ly a n event ( s u ch as a c o n s t r u c t i o n) i s s h o r t-
s p a n, a nd w e a re s u r e ly j u s t i f i e d i n a s s u m i ng t h at a 
w o o d en h o u s e - l i fe ( as t h e s o u t h e rn r i n g - s l o ts m a y b e 
i n t e r p r e t e d) i s a l so s h o r t - s p a n. C o n v e r s e l y, a long-span 
p h a se i s o ne w h i c h cannot be shown to be short-span. 

T h e m e t h o d o l o gy t h at I w i l l u se i n t h e d i s c u s s i on 
o f t h e s t r a t i f i ed d a t es h as b e en d i s c u s s ed at l e n g th 
e l s e w h e re ( W a r n er 1 9 7 6 ), b u t t h e p r i n c i p l e s, w h i c h 
a re a p p l i ed p r i m a r i l y t o t h e boundaries o f t h e p h a s e s, 
s u b - p h a s es o r e v e n t s, c an b e s u m m a r i z ed h e re ( s ee 
F i g 7 8 A ) : 

t h e d a te o f a s t r a t i g r a p h ic b o u n d a ry i s u n l i k e l y t o be 
s i g n i f i c a n t ly e a r l i er t h an t h e latest lower (older) limit o f 
a l l t h e d a t es b e l ow t h at b o u n d a r y. T h i s l i m i t g i v es u s 
t h e ( p r o b a b l e) l o w e r l i m i t o f t h e b o u n d a r y, w h i c h I 
s h a ll r e f er t o as t h e boundary lower limit ( B L L ) ; 

t h e d a te o f a s t r a t i g r a p h ic b o u n d a ry i s u n l i k e l y t o be 
s i g n i f i c a n t ly l a t er t h an t h e earliest upper (later) limit o f 
a l l d a t es a b o ve t h at b o u n d a r y. T h i s l i m i t g i v es u s t h e 
( p r o b a b l e) u p p er l i m i t o f t h e b o u n d a r y, w h i c h I s h a ll 
r e f er t o as t h e boundary upper limit ( B U L ) . 

W h e r e d a t es e x i st a b o ve a nd b e l ow a b o u n d a ry t h at 
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95 B C c o n s t r u c t i on o f 4 

R e s i d u a l i t y; 

• C e r t a i n ly r e s i d u al 

A P o s s i b ly r e s i d u al 

o t h e r w i se c o n t e m p o r a ry 

D a te b a rs s h ow 9 5% 

p r o b a b i l i ty r a n g e. 

M e an i s m a r k ed 

N u m b er i n t e xt 

F I G 7 7 C a l i b r a t ed c o n t e x t - d a t e s: s u m m a ry c h a rt 

b o u n d a ry h as b o t h a n u p p er a nd a l o w e r l i m i t , f r o m 
w h i c h w e o b t a in a probable range ( B R ) f o r t h e b o u n d-
a ry — t h e r a n ge f r o m t h e l o w e r l i m i t t o t h e u p p er 
l i m i t o f t h at b o u n d a r y. 

F r o m t h e p r o b a b le r a n g es o f t h e l o w e r a nd u p p er 
b o u n d a r i es ( L B R a nd U B R ) o f a p h a s e, s u b - p h a se o r 
e v e nt w e o b t a in t h e p r o b a b le r a n g es o f t h e p h a s e s, 
s u b - p h a s es o r e v e n ts t h us b o u n d ed — t h e m i n i m u m 
a nd m a x i m u m r a n g es b e i ng t h e i n n er a nd o u t er p a i r 
o f b o u n d a ry d a t es r e s p e c t i v e l y. I n o t h er w o r d s, t h e 
p h a se b e g an w i t h i n t h e r a n ge o f i t s l o w e r b o u n d a ry 
a nd e n d ed w i t h i n t h e r a n ge o f i t s u p p er b o u n d a ry 
( s ee F i g 7 8 B ) . T h e r a n g es o f t h e u p p er a nd l o w e r 
b o u n d a r i es o f a s h o r t - s p an p h a se w i l l b e a s s u m ed t o 
b e t h e s a m e, w i t h i n o u r a c c e p t a b le c h r o n o l o g i c al 
l i m i t s o f p r e c i s i on ( a h a l f - c e n t u ry o r s o ). 

S o me o f t h e a s s u m p t i o ns a b o ve m a y a p p e ar r a t h er 
p e s s i m i s t i c, b u t w e m u st r e m e m b er t h at t h e r a d i o c a r-
b o n m e t h od g i v es a c o a r se c h r o n o l o g y. U n j u s t i f i e d 
c l a i ms o f p r e c i s i on a re t o b e a v o i d ed a nd I w i l l s u g-
g e st a c h r o n o l o gy o n l y as d e t a i l ed as r a d i o c a r b on 
p r o p e r ly a l l o w s. A l t h o u g h D a t e - l i st 3 g i v es p r e c i se 
( n e a r e st d e c a d e) r a n g es I w i l l i n t e r p r et t h e r e s u l ts i n a 
m o r e f l e x i b l e f a s h i o n. 

P A R T 2 : T H E C H R O N O L O G Y 

I n t roduc t io n 
D a t e - l i st 1 , at t h e e nd o f t h i s C h a p t e r, l i s t s t h e d a t es 
w i t h l a b o r a t o ry n u m b e r, c o n v e n t i o n al ( u n a d j u s t e d) 
m e an a nd s t a n d a rd d e v i a t i o n, i s o t o p ic f r a c t i o n a t i on 
v a l u e, s a m p le t y p e a nd c o n t e xt d e t a i l s. A g a i n st e a ch 
d a te i s a n u m b e r, from 1 t o 40, u s ed ( i n b o l d t y p e) 
t h r o u g h o ut t h e d i s c u s s i o n. T h i s i n f o r m a t i on i s t a b u-
l a t ed m o r e c o n v e n i e n t ly i n D a t e - l i st 2 . I n D a t e - l i st 3 
t h e d a t es a re l i s t ed b y p h a se a nd h e re w e f i n d r u n n i ng 
n u m b e r, c o n t e xt ( a nd s a m p le t y p e ), 9 5 % c a l i b r a t ed 
r a n ge ( w i t h n o c o r r e c t i on f o r o l d - w o od e f f e ct b u t 
w i t h t h e e r r or m u l t i p l i e r a p p l i e d ), e s t i m a te o f a g e-
l a p s e, c a l i b r a t ed r a n ge c o r r e c t ed f o r o l d - w o od e f f e ct 
a nd e s t i m a te o f d e p o s i t i on s t a t us ( r e s i d u al o r c o n-
t e m p o r a r y ). F i g u r e 7 4 s h o ws t h e d i s t r i b u t i on o f t h e 
d a t es b e f o re a nd a f t er c a l i b r a t i o n. 

T h e 9 5 % v a l ue f o r p r o b a b i l i ty u s ed l e a ds t o t h e 
e x p e c t a t i on t h at o ne o r t w o d a t es w i l l n o t i n c l u de t h e 
r e al d a te w i t h i n t h e i r s t a t ed r a n g e. W e c a n n ot a nd 
s h o u ld n o t t r y t o g u e ss w h i c h d a t es a re w r o n g o n a 
s u p e r f i c i al i n s p e c t i o n, b u t w e m i g h t e x p e ct t h e m t o 
s h ow u p as g r o s s ly i n c o n s i s t e nt i n t h e a n a l y s i s. F o r 
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i n s t a n c e, d a te 3 3 i s i m p o s s i b ly l a t e f o r i t s c o n t e xt a nd 
c o n t r a d i c ts e v e ry o t h er d a te o b t a i n e d. A s i t i s p r o b-
a b l y a s t a t i s t i c al e x c e p t i on I w i l l n o t u se i t i n t h e 
a n a l y s is ( s ee b e l o w ). 

T o r e c a p, i n a l l t h e f o l l o w i n g a n a l y s e s, t h e o l d - w o od 
c o r r e c t i on h as b e en a p p l i e d, as a p p r o p r i a t e, t o a l l t h e 
d a t e s. T h e e s t i m a t ed a g e - l a p se f o r e a c h, w i t h w h i c h t h e 
o l d - w o od c o r r e c t i on h as b e en c a l c u l a t e d, i s s h o wn i n 
D a t e - l i st 3 . T h e d a t e - r a n ge u s ed t h r o u g h o ut t h e a n a l y-
s is i s t a b u l a t ed i n c o l u m n ' r a n ge 2 ' o f t h at h s t. I t m u st 
b e r e m e m b e r ed t h at t h i s r a n ge r e p r e s e n ts t h e s p an o f 
r e al y e a rs i n w h i c h t h e c u t t i n g - d a te l i e s w i t h a 9 5 % 
p r o b a b i l i t y, b u t w i t h a n e x t ra i d e n t i f i er t o s h ow h o w i t 
m a y be r e ad as t h e c o n t e x t - d a t e. 

T h e p h a s es a re c o n s i d e r ed i n c o n t r a - c h r o n o l o g i c al 

o r d er b e c a u se w e h a ve a s i n g le fixed d a te p r o v i d ed b y 
t h e d e n d r o c h r o n o l o g i c al d a t i ng o f t h e c e n t r al p o st 
( t h at i s t h e c o n s t r u c t i on o f t h e m u l t i - r i n g t i m b er 
s t r u c t u re o f p h a se 4) t o 9 5 B C ( B a i l l i e 1 9 8 6; 1 9 8 8) 
a nd i t i s , t h e r e f o r e, c o n v e n i e nt t o a n a l y se t h e d a t es 
f o r t h at s t r u c t u re first. 

P h a se 4 
T h e e x c a v a t or r e c o g n i s ed f o u r s u b - p h a s es a s s o c i a t ed 
w i t h t h e m u l t i - r i n g t i m b er s t r u c t u re — c o n s t r u c t i on 
o f t h e w o o d en f r a m e; c o n s t r u c t i on o f t h e l o w e r p a rt 
o f t h e m o u n d; d e s t r u c t i on b y fire o f t h e w o o d en 
f r a m e; c o m p l e t i on o f t h e m o u n d. T h e se a re t h e c o n-
s t i t u e n ts o f p h a s es 4 a nd 5 , s u b s e q u e nt u se o f t h e 
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F I G 7 8 S t r a t i g r a p h ic a n a l y s is o f r a d i o c a r b on d a t e s: A , d e r i v a t i on o f b o u n d a ry r a n ge ( B R ) f r o m t h e b o u n d a ry 
l o w e r l i m i t ( B L L ) a nd t h e b o u n d a ry u p p er l i m i t ( B U L ) ; B , d e r i v a t i on o f t h e m a x i m u m a nd 
m i n i m u m p r o b a b le r a n g es o f a p h a se f r o m t h e p r o b a b le r a n g es o f u p p er ( U B R ) a nd l o w e r ( L B R ) 
b o u n d a ry r a n g es 
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m o u nd n o t b e i ng i n c l u d ed i n t h e a n a l y s i s. I t r e m a i ns 
t h e a r g u ed v i e w o f t h e e d i t or t h at t h e t i m e - s c a le o v er 
w h i c h a l l t h e se h a p p e n ed w a s v e ry s h o rt — s h o r t, t h at 
i s , i n t h e w a y I h a ve e a r l i er d e f i n ed ' s h o r t - s p a n '. T h e 
e x c a v a t or s e l e c t ed s a m p l es f o r d a t i ng b o t h f r o m t h e 
c o n s t r u c t i on p h a se ( t h e p o s ts a nd t h e i r p a c k i n g) a nd 
t h e d e s t r u c t i on p h a se ( b u r nt m a t e r i al a r o u nd t h e 
p e r i p h e ry o f t h e s i t e ). T h i s l a b e l l i ng i s f o l l o w e d a l -
t h o u gh i t s e e ms p o s s i b le t h at at l e a st s o me o f t h e 
' d e s t r u c t i o n' m a t e r i al w as a c t u a l ly m a t e r i al f r o m t h e 
w o o d en b u i l d i n g i t s e l f . I a c c e pt t h e p r o b a b i l i ty t h at 
t h e c o n s t r u c t i on a nd d e s t r u c t i on e v e n ts w e r e b o t h 
s h o r t - s p a n, b u t I w i l l n o t a s s u m e, e x c e pt i n d i s c u s-
s i on o f t h e n u l l - h y p o t h e s is b e l o w, t h at t h e p e r i od 
b e t w e en t h e e v e n ts w as i n s i g n i f i c a n t. 

T h e fifteen s a m p l es ( F i g s 7 9 a nd 8 2 ) f a l l i n t o t h e 
t h r ee t y p o l o g i c al g r o u p s, s h o r t -, k n o w n - a nd l o n g -
l i f e , a c c o r d i ng t o t h e i d e n t i f i c a t i o n s, as f o l l o w s : 

( i ) s h o r t - l i f e ( a g e - l a p se l e ss t h an 1 00 y e a r s ): t h e re 
a re f o u r s a m p l es i n t h i s c a t e g o r y, a l l h a v i ng c o n-
t e m p o r a ry s t a t u s; 

( i i ) k n o w n - l i f e : t h e re a re t w o s a m p l e s, b o t h w i t h c o n-
t e m p o r a ry s t a t u s; o n e d e r i v es f r o m t h e 
d e n d r o c h r o n o l o g i c a l l y - d a t ed c e n t r al p o s t; 

( i i i ) l o n g - l i f e m a t e r i a l: t h e re a re n i n e s u ch s a m p l e s, 
t w o o f w h i c h m i g h t b e r e s i d u a l; s o me h a ve a 
m e d i u m l e v el o f a g e - l a p se a nd s e v e r al t h e m a x i -
m u m 2 5 0 y e a r s. 

S T A T I S T I C A L A N A L Y S E S O F T H E P H A S E 4 D A T E S 

T h e fifteen s a m p l es f r o m p h a se 4 should b e c o n t e x t u-
a l l y i n d i s t i n g u i s h a b le f r o m t h e k n o w n d a te o f t h at 
p h a se — 9 5 B C . W e m i g h t t h e r e f o re e x p e ct t h at t h e 
s a m p l e - d a t es w o u l d b e i n d e p e n d e nt a s s e s s m e n ts o f 
t h at k n o w n d a t e. H o w e v e r, as t h e f o l l o w i n g a n a l y s is 
s h o w s, t h ey d o n o t , at t h e i r f a ce v a l u e, fit  s u ch a n 
i n t e r p r e t a t i on a nd o n l y b y r e c o g n i z i ng t h e i m p o r -
t a n ce o f t h e o l d - w o od e f f e ct m a y w e r e c o n c i le s a m-
p l es a nd e v e n t. 

I s h a ll p o s t u l a t e, a nd s u b s e q u e n t ly t e s t, t h e n u l l -
h y p o t h e s i s: N H ( 1 ) — the sample-dates are independent 
estimates of a single date, a n d, i f t h i s i s s u p p o r t e d, a 
s e c o nd n u l l - h y p o t h e s i s: N H ( 2 ) — the sample-dates are 
independent estimates of the known date of phase 4 con-
struction — 9 5 BC. 

I s h a ll m a ke t h e f o l l o w i n g a s s u m p t i o n s, o n w h i c h 
t h e n u l l - h y p o t h e s es d e p e n d: t h e o l d - w o od e f f e ct h as 
n o t a f f e c t ed a ny d a t es s i g n i f i c a n t ly ( i n o t h er w o r d s 
t h e s a m p l e - d a t es a re t h e c u t t i n g - d a t e s ), a nd p h a se 4 
r e p r e s e n ts a s i n g le s h o r t - s p an e v e nt a nd t h e s a m p l es 
f r o m i t a re s t r u c t u r a l ly r e l a t ed t o t h at e v e n t. 

W e m a y a n a l y se t h e s a m p l e - d a t es i n r a d i o c a r b on 
y e a rs w i t h o u t c a l i b r a t i ng t h e m, f o r t h e s a m p l es s h o u ld 
a l l h a v e, u n d er t h e n u l l - h y p o t h e s es o f b e i ng i n d e-
p e n d e nt e s t i m a t es o f a s i n g le r a d i o c a r b on d a t e, t h e 
s a me r a d i o c a r b on a g e. T h u s w e m a y t a ke a d v a n t a ge 
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o f t h e ' n o r m a l' s t a t i s t i c al p r o p e r t i es o f t h e r a d i o c a r-
b o n d a t es a nd a v o i d t h e e x t ra e r r o rs a nd c o m p l i c a-
t i o n s i n t r o d u c ed b y c a l i b r a t i o n. 

F o r N H ( 1 ) w e a s s u me t h at w e d o n o t k n o w t h e 
a c t u al d a te o f p h a se 4 . A s i m p le t e st h as b e en d e v i s ed 
w h e r e by t h e p r o b a b i l i ty t h at a g r o up o f d a t es r e p r e-
s e n ts i n d e p e n d e nt m e a s u r e m e n ts o f a s i n g le t a r g et 
d a te ( N H ( 1 ) ) c an b e a s s e s s ed ( W a r d a nd W i l s o n 
1 9 7 8 ). W h e n o u r s a m p l e - d a t es a re t e s t ed o n t h i s 
p r o c e d u re t h ey p r o d u ce a p r o b a b i l i ty so l o w t h at t h e 
n u l l - h y p o t h e s is N H ( 1 ) m u st b e r e j e c t e d . '̂  I n o t h er 
w o r d s, t h e s p r e ad o f t h e s a m p l e - d a t es i s t o o w i d e t o 
a l l o w t h e m t o b e r e g a r d ed as m e a s u r e m e n ts o f a 
s i n g le t a r g et d a t e. T h i s c o u l d o c c ur i f w e h ad u n d e r-
e s t i m a t ed t h e p o t e n t i al l a b o r a t o ry e r r o r s. I f w e h ad 
a p p l i ed a l a r g er e r r or m u l t i p l i e r , s ay 2 .0 i n s t e ad o f 
1 . 5, N H ( 1 ) m i g h t h a ve b e en s u p p o r t e d. H o w e v e r, as 
w e s h a ll s e e, t h i s i s n o t a n a c c e p t a b le e x p l a n a t i o n. 

T h e W a r d a nd W i l s o n t e s t, a l t h o u gh s t a t i s t i c a l ly 
r i g o r o u s, c o m p a r es t h e s a m p l e - d a t es a g a i n st t h e i r 
o w n p o o l ed g r o up m e a n, n o t a g a i n st a n i n d e p e n d e nt 
m e a s u r e m e nt o f t h e t a r g et d a t e, as w e p o s s e ss i n t h i s 
c a s e. S t r i c t l y , h a v i ng s h o wn N H ( 1 ) t o b e u n t e n a b l e, 
N H ( 2 ) f a l l s . H o w e v e r, i t i s e a sy a nd i n s t r u c t i ve t o t e st 
N H ( 2 ) a l s o. A s i m p le m o d i f i c a t i on o f t h e W a r d a nd 
W i l s o n t e st r e p l a c es t h e p o o l ed m e an b y t h e k n o w n 
c o n t e x t - d a te o f 2 0 70 ± 2 0 B P ( t h e r e v e r s e - c a l i b r a t i on 
o f 9 5 B C , s ee b e l o w ) . U s i n g t h i s t e st t h e r e j e c t i on o f 
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N H ( 2 ) i s o v e r w h e l m i n g ." T h e r e i s , h o w e v e r, n o s i g-
n i f i c a n t s t a t i s t i c al d i f f e r e n ce b e t w e en t h e c o n s t r u c-
t i o n a nd d e s t r u c t i on g r o u ps o f d a t e s. 

W e n o te t h at t h e re i s a v e ry s t r o ng o l d w a rd b i as t o t h e 
p h a se 4 d a te s e t. O f t h e fifteen m e a ns o n l y o ne i s l a t er 
t h an t h e k n o w n d a te o f p h a se 4 , a nd t h e w e i g h t ed m e an 
o f t h e se d a t es i s 1 30 + 3 0 r a d i o c a r b on y e a rs t o o o l d . 

W e m a y p r o v i s i o n a l ly p o s t u l a te s e v e r al e x p l a n a-
t i o n s f o r t h e f a i l u r e o f t h e n u l l - h y p o t h e s e s. 

Explanation 1 — the archaeological interpretation of the 
contexts is faulty (the samples are mostly residual). T h e r e 
i s a b s o l u t e ly n o r e a s on t o b e l i e ve t h at a ny s a m p l es 
h a ve b e en m i s a s s i g n e d. S a m p l es 28 a nd 30 a re t h e 
o n l y o n es l i k e l y t o b e r e s i d u al a nd o f t h e se o n l y 28 i s 
u n a c c e p t a b ly o l d . T h i s e x p l a n a t i on m u st b e r e j e c t e d. 

Explanation 2 — laboratory errors were underestimated. 
A n u n d e r e s t i m a te o f t h e e r r or m u l t i p l i e r m i g h t e x-
p l a i n t h e s c a t t e r; i t w i l l n o t e x p l a in t h e b i a s. A s y s-
t e m a t ic b i as c a u s ed b y l a b o r a t o ry p r o c e d u re c an b e 
r u l e d o u t b o t h b y l a b o r a t o ry c h e c ks o f k n o w n - d a te 
s a m p l es a nd f o r t h e f o l l o w i n g r e a s o n. T h e s a me p r o -
c e d u re i n t h e s a me l a b o r a t o ry w as r e s p o n s i b le f o r t h e 
c a l i b r a t i on c u r ve f r o m w h i c h t h e r e v e r s e - c a l i b r a t i on 
o f t h e k n o w n p h a se 4 d a te w as d e r i v e d. H a d t h e re 
b e en a s y s t e m a t ic b i as i t w o u l d h a ve a f f e c t ed t h e 
r e v e r s e - c a l i b r a t i on e q u a l ly a nd w o u l d , t h e r e f o r e, h a ve 
b e en i n v i s i b l e . 

Explanation 3 — the spread and bias are caused by the old-
wood effect. T h i s p o s s i b i l i ty w i l l b e d i s c u s s ed b e l o w. 

T h e se p h a se 4 d a t es w i l l b e c o n s i d e r ed i n m o r e 
d e t a il i n o r d er t o t r y t o e x p l a in t h e f a i l u r e o f t h e n u l l -
h y p o t h e s e s. T h e r a d i o c a r b on e q u i v a l e nt o f t h e k n o w n 
d a te o f c o n s t r u c t i on o f p h a se 4 ( 9 5 B C ) , o b t a i n ed b y 
r e v e r s e - c a l i b r a t i on o n t h e c h a rt o f S t u i v er a nd P e a r s on 
( 1 9 8 6 ), i s 2 0 70 ± 2 0 B P . T h i s s h o u ld b e t h e r a d i o c a r-
b o n d a te o f a ny s a m p le g r o w i n g i n t h at y e ar a n d, 
a s s u m i ng t h o se p r o p o s i t i o ns u n d er w h i c h I f r a m ed 
m y n u l l - h y p o t h e s e s, i t a l so o u g ht t o b e t h e v a l ue o f 
w h i c h t h e fifteen s a m p l e - d a t es a re i n d e p e n d e nt e s t i-
m a t e s. T h e d e v i a t i o ns ( d e v) o f t h e m e a ns o f t h e 
s a m p l e - d a t es ( r a d i o c a r b on y e a r s) f r o m t h e r a d i o c a r-
b o n e q u i v a l e nt o f t h e k n o w n r e al d a te ( d ev = m -
2 0 7 0) s h o u ld b e a c c o u n t ed f o r b y t h e s t a t i s t i c al v a r i -
a t i o n o f t h at d e v i a t i o n, as m e a s u r ed b y i t s s t a n d a rd 
e r r or ( s e ) . "̂ E a ch d e v i a t i on m a y b e n o r m a l i z ed b y 
d i v i d i n g i t b y i t s s t a n d a rd e r r o r, g i v i n g a v a l ue z. B y 
t h e r u l es o f g a u s s i an s t a t i s t i cs o ne w o u l d e x p e c t, 
u n d er N H ( 2 ) , t h e se z v a l u es t o b e n o r m a l l y d i s t r i b -
u t ed a r o u nd z e ro w i t h a v a r i a n ce o f 1 . I n o t h er w o r d s, 
o n e w o u l d e x p e ct a b o ut t w o - t h i r d s o f t h e v a l u es t o l i e 
b e t w e en z = + 1 a nd - 1 , a nd o n l y o n e i n 2 0 t o h e 
o u t s i de t h e r a n ge + 2 t o - 2 . O n e w o u l d a l so e x p e ct t h e 
m e an o f z t o b e s t a t i s t i c a l ly i n d i s t i n g u i s h a b le f r o m 
z e r o, w i t h r o u g h ly e q u al n u m b e rs e i t h er s i de o f z e ro 
( a p o s i t i ve d e v i a t i on i s o l d er t h an t h e k n o w n d a t e, a 
n e g a t i ve i s l a t e r ). 

T h e v a l u es o f z f o r t h e p h a se 4 d a t es a re t a b u l a t ed 
i n T a b l e 2 5 a nd a re i l l u s t r a t ed i n F i g 8 0 , w h i c h a l so 
s h o ws t h e e x p e c t ed d i s t r i b u t i on o f z. W e n o t e t h at 
a l t h o u gh t h e re i s a p e ak c l o se t o t h e e x p e c t ed m e an 
t h e re i s a l so a l o n g t a i l w h o se z v a l u es a re s i g n i f i c a n t ly 
a nd i m p r o b a b ly h i g h . T h e f a i l u r e o f t h e o b s e r v a t i o ns 
t o m a t ch t h e e x p e c t a t i on i s v i s u a l ly s t r i k i n g ( a nd w e 
a l r e a dy k n o w t h at t h e n u l l - h y p o t h e s is i s u n s u p p o r t-
a b l e ). W e m a y c o n s i d er t h i s d i s t r i b u t i on i n t h e l i g h t 
o f t h e o l d - w o od e f f e c t. I h a ve i n d i c a t ed o n t h e figure 
m y e s t i m a t es f o r t h e a g e - l a p se o f e a ch s a m p l e, w h i c h 
a r e, o f c o u r s e, b a s ed o n l y o n t h e s a m p le d e s c r i p t i o n. 
W e s ee t h at t h e d e g r ee o f d e v i a t i on c l o s e ly c o r r e l a t es 
w i t h t h e v a l ue o f t h e a g e - l a p s e; f o r i n s t a n c e, t h e 
s a m p l es w i t h s m a ll a g e - l a p se c o n c e n t r a t e, i n g a u s s i an 
f a s h i o n, c l o se t o e x p e c t a t i o n, h a l f t h e s a m p l es w i t h 
l o n g a g e - l a p se f a l l s i g n i f i c a n t ly e a r l y, a nd t h e s a m p l es 
w i t h m e d i um a g e - l a p se h a ve a t r e nd b e t w e en t h e se 
e x t r e m e s. W e n o t e t h at t h r ee o u t o f f o u r o f t h e s a m-
p l es w h o se a b s o l u te z v a l ue e x c e e ds 2 ( t h e 9 5 % 
p r o b a b i l i ty l i m i t ) h a ve a s i g n i f i c a nt a g e - l a p se v a l ue 
a nd a r e, t h e r e f o r e, p r o b a b ly s u f f e r i ng f r o m a s i g n i f i -

E x p e c t e d, 
d i s t r i b u t i on 
o f Z 

( no A - L ) 

O b s e r v ed 
^ _ d i s t r i b u t i on 

•  
O b s e r v ed 
d i s t r i b u t i on 
o f Z ' 

-3 -2 -1 0 1 2 3 4 5 Z , Z ' 

t o p resent 

A L < 1 00 

W A A - L 1 0 0 - 2 00 

• i A - L > 2 00 

F I G 8 0 P h a se 4 : e x p e c t ed d i s t r i b u t i on a nd o b s e r v ed d e v i a t i on o f z 
a n d z ' v a l u es f r o m 2 0 7 0 B P 
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c a nt o l d - w o od e f f e c t, a nd t h at t h e t w o e x t r e me s a m-
p l es a re o f t h e h i g h e st a g e - l a p se t y p e. F i n a l l y w e n o t e 
a g a in t h e p o s i t i ve b i a s, a l m o st a l l t h e d a t es b e i ng 
o l d er t h an t h e m e a n. T h e se a re p r e c i s e ly t h e e x p e c t a-
t i o n s o f a n a c t i ve o l d - w o od e f f e c t. 

W e m a y n o w ' a d j u s t' t h e m e a ns f o r e s t i m a t ed a g e-
l a p se as f o l l o w s . F r o m e a ch m e an w e s u b t r a ct h a l f t h e 
v a l u e o f i t s a g e - l a p se ( w e a re ' c o r r e c t i n g' f o r t h e 
' m e a n' o l d - w o od e f f e c t, e a ch s a m p le m e an b e i ng 
m o v ed t o w a r ds t h e p r e s e nt b y t h at a m o u n t ) . '̂ W e 

r e c a l c u l a te z as z ' ; t h us m ' = m - ( a - l ) / 2, d e v ' = m ' - 2 0 7 0, 
z ' = d e v 7 s e '. C l e a r ly t h e s a m p l es w i t h g r e a t er a g e-
l a p se w i l l b e p u l l e d t o w a r ds t h e p r e s e nt b y a g r e a t er 
a m o u nt t h an t h o se w i t h s m a ll a g e - l a p s e. W e r e t h e 
s a m p le d i s t r i b u t i on n o t c o r r e l a t ed w i t h a g e - l a p se t h e 
d i s t r i b u t i on o f z ' w o u l d s h ow a s h i f t t o w a r ds z e ro 
m e an a nd a s l i g ht l e s s e n i ng o f t h e v a r i a n c e, b u t o ne 
w o u l d n o t e x p e ct t h e h i s t o g r am t o b e n o r m a l i z ed o r 
t h e d i f f e r e nt a g e - l a p se g r o u ps t o b e c o me b a l a n c ed 
w i t h i n i t . A s T a b l e 2 5 a nd F i g 8 0 s h o w, t h e z ' d i s t r i -

F i g 8 1 P h a se 4 d a t e s: A , s i m u l a t ed v a l u es ( p l o t t ed t o ± 2 s d, a g e - l a p se t r i a n g le s t i p p l e d ), B ; w e i g h t e d - m e an d e v i a t i o ns 
o f t h e s i m u l a t ed d a t es ( g a t h e r ed i n t o s h o r t, m e d i u m a nd l o n g a g e - l a p se g r o u p s ); C a nd D - t h e s a me f o r t h e a c t u al 
p h a se 4 d a t es 
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b u t i o n f i t s t h e e x p e c t ed ( n o r m a l) d i s t r i b u t i on q u i t e 
w e l l , t h e v a r i a n ce i s u n i t y a nd t h e d i f f e r e nt a g e - l a p se 
g r o u ps a re u n c o r r e l a t ed t o d e v i a t i o n. 

F u r t h e r m o r e, i f w e a p p ly t h e W a r d a nd W i l s o n 
t e st t o t h e se a g e - l a p se a d j u s t ed m e a ns ( m e a n ', s e) 
w e find t h at N H ( 1 ) i s n o w a c c e p t ed a nd N H ( 2 ) i s 
o n l y m a r g i n a l ly r e j e c t e d . '- T h e w e i g h t ed m e an o f 
t h e se a g e - l a p s e - a d j u s t ed d a t es i s 2 1 35 ± 2 5 B P , w h i c h 
i s n o t s i g n i f i c a n t ly d i f f e r e nt f r o m o u r k n o w n d a te o f 
2 0 7 0 + 2 0 B P . T h e c o n s t r u c t i on a nd d e s t r u c t i on 
g r o u ps o f d a t es a re s t a t i s t i c a l ly i n d i s t i n g u i s h a b l e, 
h a v i ng w e i g h t e d - a d j u s t e d - m e a ns o f 2 1 45 ± 3 5 a nd 
2 1 3 0 ± 3 5 . T h e y a re a l so i n d i s t i n g u i s h a b le f r o m t h e 
k n o w n d a te o f 2 0 70 + 2 0 , N H ( 2 ) b e i ng a c c e p t ed f o r 
e a ch g r o up i n d i v i d u a l l y . ^ ' 

no mean dev se z a-1 m ' dev' se'  z ' 

1 2a 2 4 4 0 3 7 0 9 0 4 . 3 2 5 0 2 3 15 2 4 5 1 1 0 2 . 2 
1 2 4 15 3 4 5 8 0 4 . 4 2 5 0 2 2 95 2 2 0 1 0 0 2 . 2 
1 6 2 3 95 3 2 5 3 5 0 0 . 9 1 5 0 2 3 2 0 2 5 0 3 5 0 0 .7 
2 8 2 3 15 2 4 5 8 0 3 . 1 1 0 0 2 2 65 1 95 8 5 2 .3 
7 2 2 95 2 2 5 1 10 2 . 1 0 2 2 95 2 2 5 1 1 0 2 . 1 
4 2 2 15 1 45 9 0 1 .6 2 0 2 2 05 1 35 9 0 1 .5 
1 5a 2 1 95 1 25 1 20 1 .0 1 0 0 2 1 45 7 5 1 25 0 .6 
3 0 2 1 7 0 1 0 0 1 2 0 0 . 9 2 5 0 2 0 45 - 2 5 1 35 - 0 . 2 
1 2 b 2 1 5 0 8 0 1 2 0 0 . 7 2 5 0 2 0 25 - 4 5 1 35 - 0 . 3 
8 2 1 5 0 8 0 1 10 0 .7 1 0 0 2 1 0 0 3 0 1 15 0 .3 
9 * 2 1 25 5 5 1 1 0 0 .5 0 2 1 25 5 5 1 1 0 0 .5 
1 5 b 2 1 25 5 5 1 30 0 .4 2 0 0 2 0 25 5 1 4 0 0 
6 2 1 0 0 3 0 1 00 0 .3 5 0 2 0 75 5 1 0 0 0 
1 3 * 2 0 75 5 7 5 0 0 2 0 75 5 7 5 0 
1 4 2 0 2 0 - 5 0 6 0 - 0 . 8 0 2 0 2 0 - 5 0 6 0 - 0 . 8 
w . m . 2 1 9 0 2 1 35 
m e an z ( e xp 0 ) 1 .4 0 .8 
v a r z ( e x p l ) 2 . 2 1 .1 

T a b l e 2 5 : D e v i a t i o ns from t h e k n o w n d a te o f p h a se 4 
(*  These deviations have been adjusted using the known age-lapse of the sample) 

C l e a r l y, i f w e a c c e pt t h e r e a l i ty o f t h e o l d - w o od 
e f f e c t, w e m a y m a ke s e v e r al p r e d i c t i o n s. W e m u st 
e x p e ct t h at t h e s a m p l es t e nd t o b e o l d er t h an t h e i r 
c o n t e x t. W e m u st e x p e ct a t e n d e n cy f o r s a m p l es o f 
l o n g - l i f e t y p e t o b e o l d er t h an c o n t e m p o r a n e o u s ly 
d e p o s i t ed s a m p l es o f s h o r t - l i f e t y p e. W e m u s t, t h e r e-
f o r e , e x p e ct a t e n d e n cy f o r t h e p o s i t i ve d e v i a t i on 
f r o m t h e k n o w n d a te o f t h e c o n t e xt t o b e c o r r e l a t ed 
t o t h e a g e - l a p s e. W i t h r e f e r e n ce t o F i g 8 1 A , at t w o 
s t a n d a rd d e v i a t i o ns m o st s a m p l es s h o u ld e x t e nd i n t o 
t h e t r i a n g le f o r m ed b e t w e en t h e l i n e d e v = ( a - l) a nd 
t h e l i n e d e v = 0. F u r t h e r m o r e, t h e w e i g h t ed m e a ns o f 
t h e a g e - l a p se g r o u ps s h o u ld t e nd t o f a l l n e ar t h e l i n e 
d e v = ( a - l ) / 2. F i g u r e 8 1 A a nd 8 1 B s h o ws t h e r e s u l ts o f a 
c o m p u t e r - g e n e r a t ed s i m u l a t i on o f d a t es w i t h t h e s a me 
s p r e ad o f s t a n d a rd d e v i a t i o ns a nd a g e - l a p s es as t h e 
a c t u al p h a se 4 d a t e s. T h e s i m u l a t ed d e v i a t i o ns o b ey 
t h e se p r e d i c t i o n s. 

O n F i g 8 1 c a nd 8 1 D w e s ee t h e a c t u al p h a se 4 d a t es 

p l o t t ed i n t h e s a me w a y as t h e s i m u l a t ed d a t e s. T h e 
s a m p le d i s t r i b u t i on a l m o st o b e ys t h e o v e r l ap r u l e . 
T h e w e i g h t e d - m e an d i s t r i b u t i on f o l l o w s t h e c o r r e ct 
t r e nd — a l i n e ar c o r r e l a t i on b e t w e en d ev a nd ( a - 1 ), 
b u t t h e s l o pe i s s t e e p er t h an e x p e c t e d . ^ "*  T h e c o r r e l a-
t i o n c o n f i r m s t h e b e l i ef t h at t h e o l d - w o od e f f e ct i s a 
m a j o r i n f l u e n ce o n t h e d a t es a nd m u st b e t a k en i n t o 
a c c o u n t. I t s s t e e p n e s s, h o w e v e r, r e q u i r es e x p l a n a-
t i o n , t h e m o st l i k e l y c a u se b e i ng t h at t h e s a m p l es 
m o s t l y t e n d ed t o b e o r g a n i c a l ly o l d p a r ts o f t h e s o u r ce 
t r ee — a n i m p o r t a nt o b s e r v a t i on i n t h e o l d - w o od 
d e b a t e. B u t i t i s a l so p o s s i b le t h at t h e a g e - l a p se v a l u es 
s u g g e s t ed t o m e b y t h e b o t a n i c al a nd d e n d r o c h r o n-
o l o g i c al e x p e r t s, a nd l i s t ed a b o v e, s h o u ld be l a r g e r, 
p e r h a ps b y a f a c t or o f 2 . 

F o l l o w i n g t h e se r e s u l ts w e m a y r e a p p ly t h e t w o 
n u l l - h y p o t h e s es t o t h e s a me t h r ee a g e - l a p se g r o u p s. 
N H ( 1 ) a nd N H ( 2 ) a re r e j e c t ed f o r t h e five p h a se 4 
s a m p l es w i t h l a r ge a g e - l a p s e, N H ( 1 ) i s a c c e p t ed b u t 
N H ( 2 ) r e j e c t ed f o r t h e f o u r s a m p l es w i t h m e d i um 
a g e - l a p s e, a nd b o t h N H ( 1 ) a nd N H ( 2 ) a re a c c e p t ed 
f o r t h e s i x s a m p l es w i t h s h o rt a g e - l a p s e . '̂ T h e 
w e i g h t ed m e an o f t h e l a st g r o u p, 2 1 05 ± 3 0 , i s s t a t i s-
t i c a l l y i n d i s t i n g u i s h a b le f r o m t h e k n o w n d a te o f 2 0 7 0. 
T h e se r e s u l ts a re v e r y g o od c o n f i r m a t i on o f t h e 
o l d - w o o d e f f e c t, i t s l i k e l y v a l u es a nd t h e n e ed t o 
a l l o w f o r i t . A d j u s t m e nt f o r t h e e f f e ct m u st b e u n i v e r-
s al a nd a priori, f o r n o t h i ng a b o ut s a m p le c o n t e xt 
w o u l d j u s t i f y o ne i n m a k i n g c o r r e c t i o ns o n l y t o t h o se 
d a t es o n e d i d n o t l i k e . R e c o n c i l i a t i on h as b e en 
s u c c e s s f ul u s i ng t h e a g e - l a p se v a l u es l i s t e d. U s i n g 
s m a l l er v a l u es o r i g n o r i n g t h e o l d - w o od e f f e ct w o u l d 
h a ve m a de r e c o n c i l i a t i on c o m p l e t e ly i m p o s s i b l e. 

S T R A T I G R A P H I C A L A N A L Y S I S O F T H E P H A S E 4 D A T E S 

( s ee F i g 8 2 ) 

Construction 
U s i n g t h e s t r a t i g r a p h ic a n a l y t i c al p r i n c i p l es o u t l i n ed 
e a r l i er w e find t h at t h e l i m i t s o f t h e l o w e r b o u n d a ry a re 
d e f i n ed b y d a t es 35b ( B L L = a b o ut 1 50 B C ) a nd 1 a nd 
12a ( B U L = a b o ut 2 0 0 B C ) ( F i g s 7 7 a nd 8 2 ) . A l -
t h o u gh t h e se l i m i t s a re r e v e r s ed t h ey a re c l o se a n d, 
g i v i n g e x t ra w e i g ht t o t h e l i m i t a s s o c i a t ed w i t h 35b ( as 
w e s h o u l d ), s u g g e st a l o w e r b o u n d a ry r a n ge ( L B R ) o f 
t h e l a t er 2 n d c e n t u ry B C . S i m i l a r l y 35b a nd 1 g i v e u s 
i d e n t i c al l i m i t s , a nd a n i d e n t i c al r a n g e, f o r t h e u p p er 
b o u n d a ry as w e w o u l d a n y h ow h a ve a r g u ed f o r a 
s h o r t - s p an p h a s e. I t c an b e c o n c l u d e d, t h e r e f o r e, o n 
t h e r a d i o c a r b on e v i d e n c e, t h a t: the date of construction 
of the multi-ring timber structure was about the latter half 
of the 2nd century BC. T h i s i s c o m p l e t e ly i n a c c o rd w i t h 
t h e k n o w n ( d e n d r o c h r o n o l o g i c a l) d a te o f 9 5 B C . 

1 2a 2 4 4 0 3 7 0 
1 2 4 1 5 3 4 5 
1 6 2 3 9 5 3 2 5 
2 8 2 3 1 5 2 4 5 
7 2 2 9 5 2 2 5 
4 2 2 1 5 1 4 5 
1 5a 2 1 9 5 1 2 5 
3 0 2 1 7 0 1 0 0 
1 2 b 2 1 5 0 8 0 
8 2 1 5 0 8 0 
9 * 2 1 2 5 5 5 
1 5 b 2 1 2 5 5 5 
6 2 1 0 0 3 0 
1 3 * 2 0 7 5 5 
1 4 2 0 2 0 - 5 0 
w . m . 2 1 9 0 
m e an z ( e xp 0 ) 
v a r z ( e xp 1) 

9 0 4 . 3 2 5 0 
8 0 4 . 4 2 5 0 

3 5 0 0 . 9 1 5 0 
8 0 3 . 1 1 0 0 

1 1 0 2 . 1 0 
9 0 1 .6 2 0 

1 2 0 I . O 1 0 0 
1 2 0 0 . 9 2 5 0 
1 2 0 0 . 7 2 5 0 
1 1 0 0 . 7 1 0 0 
1 1 0 0 .5 0 
1 3 0 0 . 4 2 0 0 
1 0 0 0 . 3 5 0 

7 5 0 0 
6 0 - 0 . 8 0 

1 .4 
2 . 2 

2 3 1 5 2 4 5 1 1 0 
2 2 9 5 2 2 0 1 0 0 
2 3 2 0 2 5 0 3 5 0 
2 2 6 5 1 9 5 8 5 
2 2 9 5 2 2 5 1 1 0 
2 2 0 5 1 3 5 9 0 
2 1 4 5 7 5 1 2 5 
2 0 4 5 - 2 5 1 3 5 
2 0 2 5 - 4 5 1 3 5 
2 1 0 0 3 0 1 1 5 
2 1 2 5 5 5 1 1 0 
2 0 2 5 5 1 4 0 
2 0 7 5 5 1 0 0 
2 0 7 5 5 7 5 
2 0 2 0 - 5 0 6 0 
2 1 3 5 
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A D 
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B C 

c o n s t r u c t i on 

12a 9 13 1 2b 
2 8 8 30 
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F I G 8 2 C a l i b r a t ed c o n t e x t - d a t es f o r p h a se 4 , s h o w i ng u p p er a nd 
l o w e r l i m i t s o f t h e b o u n d a ry b e t w e en c o n s t r u c t i on a nd 
d e s t r u c t i on 

I t i s c l e a r, g i v en t h e d e n d r o c h r o n o l o g i c al d a te o f 
c o n s t r u c t i o n, t h at t h e u p p er l i m i t s o f d a t es 1 a nd 12a 
a re a b o ut a c e n t u ry t o o e a r l y. I t w o u l d b e u s e f ul t o 
k n o w w h y t h e se d a t es a re t o o o l d b y s u ch a n a m o u n t. 
I n t h e f i r s t p l a ce w e h a ve a d d u c ed ' p r i n c i p l e s' t h at 
a d v i se u s t h at d a t es t h at a re t o o o l d a re l e ss p r o b l e m-
a t i c t h an d a t es t h at a re t o o l a t e. T h e c a u s es o f t h i s 
o n e - w ay b i as m a y b e i n a d e q u a te a g e - l a p se a d j u s t-
m e nt o r r e s i d u a l i t y. R e s i d u a l i ty i n t h e p r o p er s e n se o f 
t h e s a m p le h a v i ng d e r i v ed a c c i d e n t a l ly f r o m a n e a r-
l i e r c o n t e xt i s n o t a p o s s i b le e x p l a n a t i on h e r e, t h e 
a b e r r a nt ( e a r l y) s a m p l es b e i ng w o o d en p o s t - p a c k i ng 
a nd d e s t r u c t i on c h a r c o al f r o m t h e p e r i m e t e r, b u t w e 
c a n n ot be c o m p l e t e ly s u re t h at t h e se s a m p l es w e r e 
n o t w o o d reused f r o m e a r l i er s t r u c t u r e s. A s t o i n a d-
e q u a te a g e - l a p se a d j u s t m e n t: as o ne s a m p le i s d e-
s c r i b ed as ' o ak c h a r c o a l' a nd t h e o t h er as ' t i m b e r' 
t h ey h a ve b o t h b e en g i v e n t h e l a r g e st a l l o w a b le a g e-
l a p s e. H o w e v e r, w e m a y h a ve u n d e r e s t i m a t ed t h e 
l i k e l y m a x i m u m p o s s i b le a ge o f o a k. W e s h o u ld a l so 
b e ar i n m i n d t h at a l l d a t es h a ve a 5 % c h a n ce o f l y i n g 
o u t s i de o u r 9 5 % p r o b a b i l i ty r a n g e, a nd t h at o u r e r r or 
m u l t i p l i e r a d j u s t m e nt m a y b e t o o s m a l l. W h a t e v er 

t h e e x p l a n a t i o n, I d o n o t r e g a rd t h e c e n t u ry d i s c r e p-
a n cy as s e r i o u s. R a t h er i t c o n f i r m s m y b e l i ef t h at w e 
s h o u ld n o t n o r m a l l y a r g ue f o r g r e a t er p r e c i s i on t h an 
a c e n t u ry f r o m r a d i o c a r b on e v i d e n c e. 

Destruction 
T h e l i m i t s o f t h e l o w e r b o u n d a ry a re d e f i n ed b y d a t es 
35b a nd 1 so t h at t h ey a nd t h e L B R a re t h e s a me as 
t h o se o f t h e U B R f o r c o n s t r u c t i o n. F o r t h e u p p er 
b o u n d a ry t h e B L L i s d e f i n ed b y 35b a nd 14 at a b o ut 
1 5 0 B C , b u t t h e re a re n o p o s t - b o u n d a ry d a t es t o g i v e 
u s t h e B U L . H o w e v e r, o n t h e p r i n c i p l e t h at a s h o r t-
s p an p h a se h as t h e s a me u p p er a nd l o w e r b o u n d a ry 
r a n g es w e c an s ay t h at t h e U B R s h o u ld b e t h e s a me 
as t h e L B R . T h e r e f o re ( as a l r e a dy i n d i c a t ed i n t h e 
s t a t i s t i c al a n a l y s i s ): the date of the destruction of the 
multi-ring timber structure is not significantly (or measur-
ably) different from that of the construction. 

Phases 3( i i ) a nd ( i i i ) 
P h a s es 3 ( i i ) a nd 3 ( i i i ) p r o v i d ed t w e n ty r a d i o c a r b on 
d a t es f r o m a w i d e s e l e c t i on o f t h e i r f e a t u r es ( F i g s 8 3 
a nd 8 4 ) . O n e o f t h e se d a t es (33) m u st b e e x c l u d ed 
f r o m t h e a n a l y s is as i t i s c o m p l e t e ly u n a c c e p t a b l e. I t 
c o m es f r o m a n e a r ly 3 ( i i ) r i n g - s l o t, a nd i t s l o ss t o u s i s 
s e r i o us f o r t h at r e a s o n, b u t i t f a l l s so m u c h l a t er t h an 
t h e k n o w n d a te o f p h a se 4 t h at n o a m o u nt o f s t a t i s t i-
c al m a n i p u l a t i on c an m a k e i t a c c e p t a b l e. O f t h e r e-
m a i n i n g n i n e t e en d a t e s, e i g h t e en a re f r o m 3 ( i i ) a nd 
o n e f r o m 3 ( i i i ) . E i g h t d a t es r e l a te t o s o u t h e rn r i n g -
s l o ts ( m o s t ly t h o se o f t h e C s u b - p h a s e ), s e v en r e l a te 
t o t h e n o r t h e rn r i n g - s l o t s, a nd f o u r t o t h e e n t r a n ce 
p a l i s a d e - s l o t s. 

T h e n i n e t e en s a m p l es f a l l i n t o t h e t w o t y p o l o g i c al 
g r o u p s, s h o r t- a nd l o n g - l i f e , a c c o r d i ng t o t h e i d e n t i f i -
c a t i o n s, as f o l l o w s . 
i ) S h o r t - l i f e m a t e r i al ( a g e - l a p se l e ss t h an 1 00 y e a r s ). 
T h e r e a re t h r ee s a m p l es i n t h i s c a t e g o r y, t w o h a v i ng 
c o n t e m p o r a ry s t a t u s. 
i i ) L o n g - l i f e m a t e r i a l. T h e r e a re s i x t e en s u ch s a m-
p l e s. T w e l v e h a ve a m e d i u m l e v el o f a g e - l a p se a nd 
o n l y t h r ee t h e m a x i m u m 2 0 0 - 2 50 y e a r s. 

E i g h t o f t h e s a m p l es c an b e d e s c r i b ed as c o n t e m-
p o r a ry a nd t h e o t h er e l e v en as p r o b a b ly o r p o s s i b ly 
r e s i d u a l. T h e s a m p l es f r o m t h e n o r t h e rn r i n g - s l o ts 
m o s t l y f a l l i n t o t h e f o r m er c a t e g o r y, a nd t h o se f r o m 
t h e s o u t h e rn r i n g - s l o ts a nd p a l i s a d ed e n t r a n ce m o s t ly 
i n t o t h e l a t t e r. 

S T A T I S T I C A L A N A L Y S I S O F T H E P H A S E 3 ( i i - i i i ) D A T E S 

F i g u r e 8 5 s h o ws t h e n u m b er o f s a m p l es w h o se m e a ns 
f a l l i n e a ch r a d i o c a r b on c e n t u r y, i n d i c a t i ng t h e i r e s t i-
m a t ed a g e - l a p s e s. T h e first h i s t o g r a m. F i g 8 5 a, s h o ws 
a l l s i te B d a t es ( e x c l u d i ng 33). I t w i l l b e s e en t h at 
t h e re i s a c l e ar t e n d e n cy f o r t h e d a t es w i t h t h e l o n g e st 
a g e - l a p s es t o d e c r e a se i n t h e i r p r o p o r t i on t o w a r ds t h e 
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F I G 8 3 P h a se 3 ( i i ) c o n v e n t i o n al r a d i o c a r b on d a t e s: s u m m a ry c h a rt 
( s y m b o ls as t n F i g 7 3 ) 

p r e s e n t, w h e r e as t h o se w i t h m e d i u m a nd s h o rt a g e-
l a p s es i n c r e a s e. T h i s i s a q u i t e p r e d i c t a b le r e s u lt o f 
t h e o l d - w o od e f f e c t, a l r e a dy d e m o n s t r a t ed b y t h e ' z -
h i s t o g r a m s' o f p h a se 4 . F i g 8 5 b s h o ws t h e s a m p l es f o r 
s u b - p h a s es 3 ( i i ) a nd 3 ( i i i ) o n l y , a nd t h e o l d - w o od 
t r e nd i s v e r y c l e a r. T h i s s h o u ld i m m e d i a t e ly s u g g e st 
t o us t h at t h e o l d er d a t es a re s t r o n g ly i n f l u e n c ed b y 
t h e e f f e c t, a nd t h at w e a re q u i t e j u s t i f i e d ( as w e h a ve 
a l r e a dy s h o wn f o r p h a se 4 ) i n a s s u m i ng t h at t h e e f f e ct 
m u st b e a l l o w ed f o r i n a l l s a m p l e s, as d i c t a t ed o n l y b y 
t h e i r t y p e. T h i s h i s t o g r am i n d i c a t es t h at t h e c o n t e x ts 
f r o m w h i c h t h e s a m p l es a re d r a w n b e l o n g, i n t h e 
m a i n , t o t h e 2 3 r d a nd 2 2 n d c e n t u r i es B P . T h i s i s 
s u p p o r t ed b y t h e a l m o st g a u s s i an s h a pe o f F i g 8 5 b, 
i m p l y i n g a r e l a t i v e ly s h o rt p e r i od o f d e p o s i t i o n, t h o u gh 
c l e a r ly n o t q u i t e as s h o rt n o r as l a t e as p h a se 4 , as F i g 
8 5c s h o w s. 

W h e n w e r e p e at t h e W a r d a nd W i l s o n a n a l y s is o n 
t h e c o n v e n t i o n al d a t es t h e n u l l - h y p o t h e s is N H ( 1 ) i s 
o v e r w h e l m i n g ly r e j e c t e d. W e n o w a d j u st t h e m e an o f 
e a ch d a te f o r i t s a v e r a ge a g e - l a p se e x a c t ly as w e d i d 
f o r t h e p h a se 4 s a m p l es t o o b t a in i t s m ' a nd s d ', a nd 
w e f i n d t h at N H ( 1 ) i s j u st r e j e c t ed at t h e 1 % leve l . ^ **  I f 
w e a p p ly o u r z - v a l ue a n a l y s is ( T a b l e 2 6 ) t h e r e s u l ts 
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F I G 8 4 P h a se 3 ( i i ) c a l i b r a t ed c o n t e xt d a t e s: s u m m a ry c h an 

a re m o st i n t e r e s t i n g, as F i g 8 6 s h o w s. T h e u n a d j u s t ed 
( z ) h i s t o g r am s h o w s, as e x p e c t e d, t h e h i g h a g e - l a p se 
s a m p l es h e a v i ly b i a s ed t o w a r ds t h e p a s t. T h e a d-
j u s t ed ( z ' ) h i s t o g r am s h o w s, a g a in as e x p e c t e d, a f a r 
b e t t er b a l a n ce f o r t h e a g e - l a p se v a l u e s. T h i s h i s t o-
g r a m a l so s h o ws a m o st r e m a r k a b le d i s t r i b u t i o n al 
t i g h t n e s s, w i t h a g a u s s i an s h a pe a nd s h a rp n o de t h at 
i s q u i t e i m p o s s i b le t o i n t e r p r et i n a ny o t h er w a y t h an 
t o i n f e r t h at t h e t i m e o f d e p o s i t i on f o r 3 ( i i ) a nd 3 ( i i i ) 
w a s r e l a t i v e ly s h o rt — n o t m o r e t h an a c o u p le o f 
c e n t u r i e s. T h e w e i g h t ed m e an o f t h i s d i s t r i b u t i on i s 
2 1 65 ± 2 5 B P , w h i c h w o u l d b e a b o ut 2 0 0 B C . 
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no mean dev se z a-I m ' dev' se' z ' 

2 2 3 4 5 1 0 5 8 5 1 .2 2 5 0 2 1 2 0 - 4 5 1 1 0 - 0 . 4 
3 4 2 2 4 5 5 1 0 5 0 1 5 0 2 1 7 0 5 1 1 5 0 
3 1 1 7 85 - 4 5 5 3 5 0 - 1 . 3 1 0 0 1 7 35 ^ 3 0 3 5 0 - 1 . 2 
3 8 2 1 5 0 - 9 0 8 0 - 1 . 1 0 2 1 5 0 - 1 5 8 0 - 0 . 2 
5 2 3 6 0 1 2 0 8 5 1 .4 2 0 0 2 2 6 0 9 5 1 0 5 0 . 9 
3 5 a 2 0 7 5 - 1 6 5 7 5 - 2 . 2 1 2 0 2 0 1 5 - 1 5 0 8 0 - 1 . 9 
3 5 b 2 0 1 5 - 2 2 5 7 5 - 3 . 0 1 2 0 1 9 55 - 2 1 0 8 0 - 2 . 6 
2 0 2 1 8 5 - 5 5 8 5 - 0 . 6 1 0 0 2 1 3 5 - 3 0 9 5 - 0 . 3 
2 1 2 3 2 0 8 0 1 0 5 0 . 8 1 5 0 2 2 6 5 1 0 0 1 1 5 0 . 9 
1 7 2 2 2 0 - 2 0 1 0 5 - 0 . 2 1 5 0 2 1 6 5 0 1 1 5 0 
2 2 2 1 1 0 - 1 3 0 7 5 - 1 . 7 1 0 0 2 0 6 0 - 1 0 5 8 0 - 1 . 3 
2 3 2 3 6 5 1 2 5 1 0 5 1 .2 2 5 0 2 2 4 0 7 5 1 2 5 0 . 6 
1 8 2 2 4 0 0 1 0 5 0 5 0 2 2 1 5 5 0 1 1 0 0 . 5 
1 9 2 5 0 5 2 6 5 8 0 3 . 3 5 0 2 4 8 0 3 1 5 1 0 0 3 . 1 
2 4 2 3 7 0 1 3 0 1 0 5 1 .2 1 2 0 2 3 1 0 1 4 5 1 1 5 1 .3 
2 5 2 4 6 5 2 2 5 2 4 0 0 . 9 1 5 0 2 3 9 0 2 2 5 2 4 5 0 . 9 
2 6 2 2 6 0 2 0 7 5 0 . 3 1 5 0 2 1 8 5 2 0 8 5 0 . 2 
2 7 2 1 0 5 - 1 3 5 1 0 5 - 1 . 3 1 2 0 2 0 5 5 - 1 1 0 1 1 5 - 0 . 9 
3 7 2 5 5 0 3 1 0 9 5 3 . 3 2 5 0 2 4 2 5 2 6 0 1 2 0 2 . 2 
w m 2 2 4 0 2 1 6 5 
w s d 2 0 2 5 
v a r z ( e xp 1 ) 2 . 8 1 .9 

T a b l e 2 6 : D e v i a t i o ns f r o m t h e i r w e i g h t ed m e a ns o f t h e d a t es o f 
s u b - p h a s es 3 ( i i ) a nd 3 ( i i i ) 

S T R A T I G R A P H I C A N A L Y S I S O F P H A S E 3 ( i i - i i i ) D A T E S ( F i g s 
77 a nd 8 4 ) 

Sub-phase 3 (iii)  (slots El to E3) 
O n l y a s i n g le d a te w as o b t a i n ed f r o m t h i s p h a s e, 37 — 
a c o n t e m p o r a ry p a rt o f t h e s t r u c t u re E 3 . T h e u p p er 
b o u n d a ry i s l i m i t e d b y 1 a nd 12a ( w h i c h w e h a ve s e en 
a b o ve w e m u st r e p l a ce b y 9 5 B C ) a nd b y 35b. T h e 
U B R i s t h e r e f o re t h e l a t er p a rt o f t h e s e c o nd c e n t u ry 
B C . T h e l o w e r b o u n d a ry i s l i m i t e d b y 35b a nd b y 37. 

H e r e a g a in w e h a ve a n i n c o n s i s t e n cy b e c a u se t h e 
r e v e r s ed l i m i t s a re a c e n t u ry a p a r t. W e i g h t i ng 35b 
a b o ve 37, as w e m u s t, w e c o n c l u de t h at t h e L B R i s 
a l so o f t h e ( P l a t er p a rt o f t h e) 2 n d c e n t u ry B C a nd t h at 
3 (iii)  belongs within the (later) 2nd century BC. 

T h i s i s n o t i n c o n s i s t e nt w i t h t h e e x c a v a t o r 's b e l i ef 
t h at p h a se 4 i m m e d i a t e ly f o l l o w e d s t r u c t u re E 3 . A s 
r e g a r ds t h e e a r ly n a t u re o f 37 I w o u l d r e f er t h e r e a d er 
t o t h e p r e c e d i ng d i s c u s s i on o n t h e p h a se 4 d i s c r e p a n-
c i e s. 

Sub-phase 3(ii) (all other slots) 
N i n e t e en d a t ed s a m p l es b e l o ng t o t h i s p h a s e, o f w h i c h 
o n e (33) h as b e en d i s r e g a r d e d. I t w i l l b e s e en f r o m 
t h e f i g u r es t h at t h e c h r o n o l o g i c al d i s t r i b u t i on o f t h e se 
p h a se 3 ( i i ) d a t es i s n o t v e ry d i f f e r e nt f r o m t h at o f t h e 
p h a se 4 d a t e s, w h i c h w e k n o w b e l o ng t o a s h o r t - s p an 
e v e nt at 9 5 B C . F u r t h e r m o r e, as w i l l b e s e en o n F i g 
8 4 , t h e re i s s c a r c e ly a ny v i s i b l e d i f f e r e n ce b e t w e en 
t h e d a t es f r o m ' e a r l y' 3 ( i i ) a nd t h o se from ' l a t e' 3 ( i i ) . 
T h e r e i s n o s i g n i f i c a nt d i f f e r e n ce b e t w e en t h e se g r o u ps 
w h e n t h e W a r d a nd W i l s o n t e st i s a p p l i e d. T h e se 
a t t r i b u t i o ns o f s l o ts a nd c o n t e x ts t o ' e a r l y ', ' m i d d l e' 
a nd ' l a t e' 3 ( i i ) a re p a r t l y s t r a t i g r a p h ic ( f o r i n s t a n c e, 
r i n g - s l o ts A t o C ) a nd p a r t l y b a s ed o n a s u b j e c t i ve 
a s s e s s m e nt o f t h e p a t t e rn o f s l o ts a nd g u l l e ys ( s ee 
C h a p t er 9 ) , a nd c a n n ot b e r e g a r d ed as c e r t a i n. 

I t h as a l r e a dy b e en i n d i c a t ed i n t h e s t a t i s t i c al a n a l y-
s is a b o ve t h at i t s e e ms u n l i k e l y t h at p h a se 3 ( i i ) l i e s 
a ny e a r l i er t h an t h e 2 3 r d c e n t u ry B P , w h i c h i s t h e 4 t h 
c e n t u ry B C . I t c an b e s h o wn ( s ee b e l o w) t h at w e re 
a ny s u b s t a n t i al p a rt o f 3 ( i i ) o f L a t e B r o n ze A g e d a te 
( b e f o re t h e 4 t h c e n t u r y) t h e e x p e c t ed p a t t e rn o f r a-
d i o c a r b on d a t es w o u l d b e s i g n i f i c a n t ly d i f f e r e nt f r o m 
t h at w h i c h w e h a v e. I t s h o u ld a l so b e n o t ed t h at o f 

D I S T R I B U T I O N OF M E A N DATE S P ER C E N T U R Y ( R C ) 

(a) A l l phases i n B ( b ) H i a se 3 ( i i - i i i ) (c) P h a se 4 

0 2 4 6 8 10 12 N u m b er 

F I G 8 5 D i s t r i b u t i o n o f p h a se 3 ( i i - i i i ) m e an d a t es p er c e n t u ry w i t h i n d i c a t i o ns o f l i k e l y a g e - l a p se 
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E x p e c t ed 
d i s t r i b u t i on 
o f Z 
( n o A - L ) 

O b s e r v ed 

H
d i s t r i b u t i on 
o f Z 

H 
f / / f al l  

O b s e r v ed 
d i s t r i b u t i on 
o f Z ' 

- 4 -3 -2 - 1 0 1 2 3 4 Z . Z ' 

t o p r e s e nt 

A L / 1 00 

[ZZ A-L 1 0 0 - 2 00 

• A - L > 2 00 

F I G 8 6 E x p e c t ed d i s t r i b u t i on a nd o b s e r v ed v a r i a t i on o f z a nd z ' 
v a l u es f r o m g r o up w e i g h t ed m e a ns 

t h e e i g h t e en d a t es u s ed i n t h i s a n a l y s is o f p h a se 3 ( i i ) , 
e l e v en c an b e d e s c r i b ed as p r o b a b ly o r p o s s i b ly r e-
s i d u a l. R e s i d u a l i ty m i g h t m e an n o m o r e t h an b e-
l o n g i n g t o a p r e v i o us s u b - p h a se i n s i g n i f i c a n t ly e a r-
l i e r , b u t i t a l so m i g h t i m p l y d e r i v a t i on f r o m t h e m u c h 
e a r l i er p h a se 3 ( i ) , o r at l e a st c o n t a in 3 ( i ) m a t e r i al as a 
c o n t a m i n a n t. T h e r e f o r e, 3 ( i i ) i s m o r e l i k e l y t o b e 
l a t er t h an t h e d a t es i n d i c a te r a t h er t h an e a r l i e r. 

T h e u p p er b o u n d a ry r a n ge ( U B R ) o f 3 ( i i ) i s , o f 
c o u r s e, t h e L B R o f 3 ( i i i ) , t h at i s ( l a t er ?) 2 n d c e n t u ry 
B C . S a m p le 35b, f r o m t h e l a t e st r i n g - s l o t, C 3 , i n d i -
c a t es t h at l a te 3 ( i i ) c o n t i n u ed u n t i l w e l l i n t o t h e 2 n d 
c e n t u ry a nd t h at n o s i g n i f i c a nt h i a t us e x i s t ed b e-
t w e en 3 ( i i ) a nd 3 ( i i i ) . 

D a t e 19 s e e ms t o g i v e u s t h e B U L f o r t h e l o w e r 
b o u n d a ry o f 3 ( i i ) , a b o ut 4 0 0 B C . D a t e 29 a p p e a rs t o 
p r o v i d e a B L L f o r t h e l o w e r b o u n d a ry o f 3 ( i i ) , a b o ut 
3 0 0 B C . T h e se a re i n c o n s i s t e n t, b u t as I r e m a r k ed i n 
t h e d i s c u s s i on o f p h a se 4 I d o n o t r e g a rd a n i n c o n-
s i s t e n cy o f a c e n t u ry as s i g n i f i c a n t. I t w o u l d a p p e a r. 

t h e r e f o r e, t h at t h e d a te o f t h e l o w e r b o u n d a ry ( t h e 
L B R ) o f 3 ( i i ) i s w i t h i n t h e 4 t h c e n t u ry B C . H o w e v e r, 
19 i s from a n a p p a r e n t ly l a te 3 ( i i ) s l o t, a nd i t , t h e r e-
f o r e , a l so g i v es u s a B U L f o r t h e b e g i n n i ng o f t h e later 
p a rt o f 3 ( i i ) . T h a t i s , i f w e a c c e pt 19 w e m u st a c c e pt 
t h at a g r e a t er p a rt o f p h a se 3 ( i i ) f a l l s i n o r b e f o re t h e 
4 t h c e n t u ry B C . T h i s i s n o t o v e r t l y c o n t r a d i c t ed b y 
20 a nd 26, w h i c h i n f o r m u s t h at e a r ly 3 ( i i ) d i d n o t 
b e g in b e f o re t h e 4 t h c e n t u ry B C , b u t i t d o es i m p l y 
t h at t h e m i d d l e o f 3 ( i i ) w as o f v e ry s h o rt d u r a t i on 
w h i l e l a t e 3 ( i i ) l a s t ed f o r a c o u p le o f c e n t u r i e s. 

S l o t G p r o d u c ed t w o s a m p l es — o n e, 19, w i t h i n i t 
a nd t h e o t h e r, 18, ' b u r n i ng c o n t i g u o us w i t h t h at i n 
s l o t G ' . T h e i m p l i c a t i o n i s t h at t h ey a re f r o m t h e 
s a me b u r n i ng l a y e r. Both s a m p l es w e re d e s c r i b ed as 
h a z e l, a s h o r t - l i v ed w o o d w h o se a g e - l a p se w e a re 
u n l i k e l y t o h a ve u n d e r e s t i m a t e d. I n a l l o t h er N a v an 
s a m p l es c o n t a i n i ng h a z el i t w as m i x e d w i t h o t h er 
w o o d s, as i s m a de c l e ar i n t h e d e s c r i p t i o n s. I n t h e se 
t w o s a m p l e s, only h a z el w as i d e n t i f i e d. T h e y a r e, 
f u r t h e r m o r e, ' c o n s i s t e n t' w i t h e a ch o t h er i n t h at t h e i r 
r a n g es o v e r l ap i n t h e 5 t h c e n t u ry B C . I f w e w e r e a b le 
t o d i s m i ss 19 c o m p l e t e ly as r e s i d u al w e c o u ld f a l l 
b a ck o n t h e B U L o f 3 ( i i i ) as p r o v i d i n g a l so t h e B U L 
o f 3 ( i i ) , w i t h w h i c h a l l 3 ( i i ) s a m p l es w o u l d be c o m -
p a t i b l e — w i t h i n t h e 2 n d c e n t u ry B C . H o w e v e r, t h e 
n a t u re o f t h e t w o s a m p l es a nd t h e a p p a r e nt c o n n e c-
t i o n o f t h e i r c o n t e x ts t e l l s t r o n g ly a g a i n st r e s i d u a l i t y. 
C o n t a m i n a t i on b y u n r e c o g n i z ed c h a r c o al o f a l o n g -
l i v e d s p e c i es m u st b e a m o r e l i k e l y p o s s i b i l i ty f o r t h i s 
s a m p l e. I n t h i s c a s e, i f w e g i v e 19 a c o m p r o m i se a g e-
l a p se o f 1 50 y e a r s, o u r c a l i b r a t ed r a n ge b e c o m es 7 8 0 
B C - 3 1 0 B C , w h i c h i s m o r e c o n s i s t e nt w i t h 29 a n d, 
g i v e n t h e g e n e r al l e v el o f p r e c i s i on I a d v o c a t e, mar-
ginally a l l o w s a 3 r d c e n t u ry d a te f o r s l ot G a nd f o r 
m u c h o f p h a se 3 ( i i ) . H o w e v e r, t h i s d o es n o t s e em t o 
b e m u c h m o r e s a t i s f a c t o ry t h an t h e u n c o n t a m i n a t ed 
s c e n a r i o. 

W e p r o b a b ly m u st a c c e pt t h at 19 g i v es u s a B U L 
f o r t h e l o w e r b o u n d a ry o f 3 ( i i ) , a nd t h at t h i s i s n o t 
l a t er t h an t h e 3 r d c e n t u ry B C , a nd m i g h t e v en be 4 t h 
c e n t u r y. W e a re m o r e r e l u c t a nt t o a c c e pt i t s s t a t us as 
l a t e 3 ( i i ) a nd w e t e n t a t i v e ly p r o p o se t h at s l ot G h as 
b e en m i s a t t r i b u t ed t o l a t e 3 ( i i ) a nd s h o u ld b e a s-
s i g n ed t o e a r ly 3 ( i i ) . 

T h e B L L f o r 3 ( i i ) i s g i v en b y 29, w h i c h c o m es f r o m 
p e r i p h e r al p i t 16 o f p h a se 3 ( i ) . I t i s , as w e s h a ll s ee 
b e l o w, m u c h l a t er t h an e x p e c t ed a nd d o es n o t a p p e ar 
t o d a te t h e p i t . T h e s a m p le apparently c a me f r o m 
w h a t m i g h t h a ve b e en a ' p o s t - p i p e' l o w i n t h e p i t a nd 
u n d e r n e a th t h e j u m b l e o f s o i l a nd s t o n es filling t h e 
p i t . T h e p i t h ad b e en i n t e r s e c t ed b y t h e m a i n o u t er 
w a l l - s l o t o f t h e p h a se 4 b u i l d i n g , b u t t h i s s l ot d i d n o t 
r e a ch t h r o u gh t h e se s t o n es t o t h e c h a r c o a l. I d o n o t 
b e l i e ve t h at t h e c o n t e n ts o f t h e s l ot i t s e l f c o n t a m i-
n a t ed t h e s a m p l e, b u t t h e c l e ar i m p l i c a t i o n i s ( as w e 
s h a ll s ee b e l o w) t h at t h e s a m p le f e l l i n t o t h e p i t w h e n 
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w h a t e v er h ad b e en i n i t w as r e m o v e d. O n e w o u l d 
s u p p o se t h i s w as d o ne s o m e t i me b e t w e en t h e b e g i n-
n i n g o f p h a se 3 ( i i ) ( as g e n e r al c l e a r a n ce o f t h e s i te f o r 
t h e f i r s t s t r u c t u r e s ), w h i c h i s m y p r e f e r r ed o p t i o n, o r 
w h en t h e b u i l d i n g o f p h a se 4 w a s p u t u p . A l t h o u g h 
t h e d a te o f 29 i s q u i t e c o m p a t i b le w i t h t h i s s u p p o s i-
t i o n a nd f i t s w e l l w i t h t h e 3 ( i i ) c h r o n o l o gy i t c a n n ot 
u n d er t h i s p r o p o s i t i on g i v e u s t h e B L L f o r t h e l o w e r 
b o u n d a ry o f 3 ( i i ) . T h i s i s g i v e n, i n s t e a d, b y 3, as 
a b o ut 9 0 0 B C , w h i c h , t h o u gh c o m p a t i b le w i t h 19, 
g i v es u s a r a t h er w i d e L B R o f t h e 9 t h t o t h e 4 t h ( o r 
3 r d ) c e n t u ry B C . 

I f i n a l l y d r aw a t t e n t i on o n ce m o r e t o d a t es 20, a 
r e s i d u al s a m p le i n n o r t h e rn r i n g - s l ot W , a nd 26, a 
r e s i d u al s a m p le i n e n t r a n ce p a l i s a d e - s l ot Y . T h e se 
c o n t e x ts a re d e s c r i b ed i n C h a p t er 9 as ' e a r l y' 3 ( i i ) 
a nd t h e i r l o w e r l i m i t s o f t h e e a r l i er p a rt o f t h e 4 t h 
c e n t u ry w o u l d s t r o n g ly m i l i t a t e a g a i n st a s t a rt f o r 
3 ( i i ) v e ry m u c h b e f o re t h at t i m e . I n s h o r t, I b e l i e ve 
w e c an c o n c l u de xhax. phase 3(ii) began not before the 
4th century BC and continued to the end of the 2nd. 

Sub-phases within 3 (ii) and 3 (iii) 
A s T a b l e 2 2 ( p 1 5 0) s h o w s, t h e re a re s o me c l e ar 
v e r t i c al r e l a t i o n s h i ps b e t w e en t h e r i n g - s l o ts i n t h e 
s a me a r e as ( s o u t h e rn a nd n o r t h e rn r i n g - s l o t s ), b u t 
m u c h l e ss c l e ar l i n k a g es b e t w e en t h e a r e a s. S u b-
p h a s es A 2 , B 3 , C l , C 2 a nd C 3 p r o d u c ed d a t es ( t h r ee 
f r o m t h e l a s t ). D a t e 31 f r o m C l i s u n i n f o r m a t i ve a nd 
33 f r o m A 2 h as b e en r e j e c t e d. T h e s t r a t i g r a p h i c a l ly 
p r o p o s ed s e q u e n ce B 3 < C 1 < C 2 < C3 i s n o t c o n t r a-
d i c t ed b y t h e d a t es f o r t h o se f e a t u r e s, a l t h o u gh w e 
m u st b e ar i n m i n d t h at o n l y t h e a pe s k u l l , d a te 38, f r o m 
C 2 i s c e r t a i n ly n o n - r e s i d u a l. T h e d a t es f o r t h e o t h er 
s l o ts a re a l so c o m p a t i b le w i t h , b u t d o n o t r e f i n e, t h e 
r e l a t i o n s h i ps ( Y < Z ' , J < G, W < V = X ) p r o p o s ed b y t h e 
e x c a v a t o r. 

I h a ve a l r e a dy g i v en m y r e a s o ns f o r p r o p o s i ng t h at 
s l ot G s h o u ld b e t r a n s f e r r ed t o e a r ly 3 ( i i ) . O n t h e 
b a s is o f t h e f o r e g o i ng d i s c u s s i on o f t h e 3 ( i i ) d a t es I 
s u g g e st t h at t h e e a r ly p a rt o f 3 ( i i ) s h o u ld b e c o n s i d-
e r ed t o f a l l s o m e w h e re w i t h i n t h e b r a c k et o f t h e 4 t h 
t o m i d - 3 r d c e n t u ry B C ( I p r e f er t h e l a t er p a rt o f t h i s 
b r a c k e t ), t h e m i d d l e p a rt t o f a l l w i t h i n t h e 3 r d c e n-
t u r y B C a nd t h e l a t er p a rt t o f a l l w i t h i n t h e b r a c k et o f 
t h e l a t er 3 r d t o m i d - 2 n d c e n t u ry B C . I t h e r e f o re 
s u g g e st t h e f o l l o w i n g v e ry t e n t a t i ve c h r o n o l o gy f o r 
t h e s o u t h e rn r i n g - s l o ts ( ' h o u s e s ' ), w i t h t h e u n d e r-
s t a n d i ng t h at w e m i g h t b e a h a l f - c e n t u ry t o o l a t e: A 
— earlier 3rd century; B — later 3rd century; C — earlier 
2nd century; E — later 2nd century. 

Phase 3(i) 

T H E P E N A N N U L A R D I T C H ( s ee F i g 7 7 ) 

T w o d a t es c o me f r o m t h e ' p r i m a ry s i l t ' o f t h e 
p e n a n n u l ar d i t c h (3 a nd 36). T h e i r c o n v e n t i o n al 
r a d i o c a r b on d a t es a re s t a t i s t i c a l ly i n d i s t i n g u i s h a b l e. 

b u t b e i ng b o t h d e s c r i b ed s i m p l y as ' c h a r c o a l' w e 
m u st n o n e t h e l e ss a d j u st t h e m f o r t h e o l d - w o od e f-
f e c t. I t a ke p r i m a ry s i l t t o b e a s h o r t - s p an c o n t e xt 
w h i c h i n c l u d es t h e d i g g i ng o f t h e d i t c h i t s e l f , a n d, 
l a c k i n g e v i d e n ce f o r e x t e n s i ve p r i o r o c c u p a t i o n, I 
a c c e pt t h at r e s i d u a l i ty i s p o s s i b le b u t n o t p r o b a b l e. 
T h e o v e r l ap o f t h e s a m p l es t e l l s u s t h at t h e d i t c h w as 
d u g a nd b e g an s i l t i n g s o m e w h e re b e t w e en t h e s t a rt o f 
t h e 9 t h a nd t h e s t a rt o f t h e 4 t h c e n t u ry B C . T h i s i s 
n o t a s a t i s f a c t o ry o u t c o m e, f o r t h e 3 ( i ) d i t c h c o u l d, 
w i t h t h i s w i d e u n c e r t a i n t y, p r e - d a te t h e s t a rt o f 3 ( i i ) 
b y a l m o st 6 0 0 y e a rs o r b y l e ss t h an a c e n t u r y. W e 
s h o u ld r e c a ll t h at t h e d i t c h w as q u i t e s u b s t a n t i a l ly 
f i l l e d b y t h e t i m e t h e f i r s t 3 ( i i ) e n t r a n ce p a l i s a d e - s l o ts 
w e r e c o n s t r u c t e d. 

T H E P E R I P H E R AL P I T S 

N o s t r a t i g r a p h ic r e l a t i o n s h ip w a s d i s c o v e r ed b e t w e en 
t h e p e r i p h e r al p o s t - p i ts a nd t h e d i t c h . C e r t a i n ly t h e 
p i t s a re c o n c e n t r ic w i t h t h e d i t c h , b u t so i s t h e v e ry 
m u c h l a t er m u l t i - r i n g t i m b er s t r u c t u re o f p h a se 4 . 
T h e r e f o r e, a l t h o u gh i t i s c l e ar t h at t h e p i t s r e p r e-
s e n t ed a s i n g l e - p e r i od c i r c u l ar s t r u c t u re i t c a n n ot b e 
d e m o n s t r a t ed t h at t h at s t r u c t u re w as c o n s t r u c t ed at 
t h e s a me t i m e as t h e d i t c h w a s d u g. W e c o u l d e q u a l ly 
p o s it t h at t h e s t r u c t u re w as b u i l t i n s i de a p r e - e x i s t i ng 
d i t c h , o r t h at t h e d i t c h w as d u g a r o u nd a p r e - e x i s t i ng 
s t r u c t u r e. T w o o f t h e p i t s p r o d u c ed d a t e s: p i t 15 g a ve 
u s 32, f r o m w h a t i s d e s c r i b ed as ' o ak a nd a sh c h a r-
c o al l i n i n g t h e c l ay c o r e' ( w h a t e v er t h at m e a n s) o f t h e 
p i t , a nd t h e a d j a c e nt p i t 16 p r o v i d ed 29, w h i c h i s 
d e s c r i b ed as ' o ak c h a r c o al f r o m d a rk f i l l ' o f t h e p i t . 

T h e d a t es f r o m t h e se t w o p i t s ( s ee F i g 7 7 ) a re t o t a l l y 
i n c o m p a t i b le w i t h e a ch o t h e r. I f o ne g i v es u s t h e d a te 
o f t h e s t r u c t u re o f w h i c h t h e p o s t - p i ts w e r e c o n t e m p o-
r a r y p a r ts t h e o t h er c a n n o t . '̂ H o w e v e r, n e i t h er i s 
u n a c c e p t a b ly i n c o m p a t i b le w i t h t h e e x t r e m es o f p o s-
s i b i l i t y f o r t h e d a te o f t h e d i t c h . A t i t s u p p er l i m i t o f 
a b o ut 9 0 0 B C 32 i s j u st c o m p a t i b le w i t h t h e e a r l i e st 
d a te f o r t h e d i t c h . A t i t s l o w e r l i m i t o f a b o ut 3 0 0 B C 
29 i s , w i t h i n o u r a c c e p t ed l i m i t s o f p r e c i s i o n, a l m o st 
c o m p a t i b le w i t h t h e l a t e st p o s s i b le d a te f o r t h e d i t c h . 
T h e se a r e, i t m u st b e a d m i t t e d, m a r g i n al a nd u n s a t i s-
f a c t o ry c o m p a t i b i l i t i e s, b u t t h ey m a y n o t e a s i ly be 
d i s m i s s e d. I d i s c u s s ed 29 u n d er t h e 3 ( i i ) h e a d i ng a nd 
c o n c l u d ed t h at t h e c h a r c o al m i g h t h a ve i n t r u d ed 
d u r i n g t h e e x t r a c t i on o f w h a t e v er s t r u c t u re t h e p i t 
c o n t a i n ed ( I r e j e c t ed t h e p o s s i b i l i ty t h at i t w as c o n-
t a m i n a t ed b y t h e d i g g i ng o f t h e o u t er s l ot f o r t h e m u l t i -
r i n g t i m b er s t r u c t u re i n p h a se 4 ) . I n o t h er w o r d s, a 
c a se c an b e m a d e, b u t n o t p r o v e d, f o r t h e i n t r u s i ve 
s t a t us o f 29. A s f o r 32 I c a n n ot u n d e r s t a nd t h e 
d e s c r i p t i on o f t h e c h a r c o al c o n t e x t, b u t I a s s u me t h at 
' l i n i n g t h e c l ay c o r e' m e a ns l i n i n g t h e e d ge o f t h e 
c e n t r al p a rt o f t h e p i t ( r a t h er t h an i t s s l o p i ng r a m p ). I n 
o t h er w o r d s, t h e c h a r c o al e n t e r ed w h e n w h a t e v er t h e 
p i t o r i g i n a l l y h e l d w a s p l a c ed i n i t . T h i s c h a r c o al c o u l d 
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t h e r e f o re h a ve b e en r e s i d u a l, b u t f r o m w h a t c o n t e xt I 
c a n n ot h a z a rd a g u e s s. I t s e e ms u n l i k e l y t h at i t c o u l d 
h a ve b e en s u b s t a n t i a l ly e a r l i er t h an t h e s t r u c t u r e. 

W e h a v e, t h e r e f o r e, a d i l e m m a. O n e p i t p r o d u c ed a 
s a m p le o f a f t er 3 0 0 B C t h at might b e i n t r u s i v e. I t s 
n e i g h b o ur p r o d u c ed a s a m p le o f e a r i i er t h an 9 0 0 B C 
t h at might b e r e s i d u a l. N o r e c o n c i l i a t i on i s p o s s i b l e, 
b u t I w o u l d p r o p o se t h at t h e i n t r u s i ve n a t u re o f 19 i s 
a c c e p t ed a nd t h at t h e r e s i d u al n a t u re o f 32 i s m i n i -
m i z e d. T h e r e f o r e, the penannular ditch dates some-
where between the 9th and the 4th centuries BC; the 
peripheral pits date somewhere between the 17th and the 
8th century BC and, should the ditch and the pits be 
contemporary, as seems not unlikely, they were probably 
constructed in the 9th or 8th century. 

Site A 

T H E S L O T S 

T w o s a m p l es c o me f r o m t h e t r i p l e - s l ot p h a se o f s i te 
A , f r o m t h e s e c o nd a nd t h i r d s l o t s. D a t e 11, f r o m a 
b u r n t p l a nk from t h e i n n e r, l a t e s t, s l o t, i s c e r t a i n ly 
c o n t e m p o r a r y. D a t e 10, f r o m t h e o u t er ( m i d d l e p e-
r i o d ) s l o t, i s p r o b a b ly r e s i d u a l. B o t h s a m p l es a re 
e x t r e m e ly s i m i l a r i n d a te a nd p u t t h e s l o ts w i t h i n t h e 
b r a c k et o f t h e 4 t h c e n t u ry B C t o t h e 1 st c e n t u ry A D . 
I n o t h er w o r d s, t h i s t r i p l e s l ot m i g h t b e t h e s a me 
g e n e r al d a te as t h e s l o ts o f p h a se 3 ( i i - i i i ) , s i te B , 
w h i c h i t r e s e m b l e s, o r s l i g h t l y l a t e r. The date of the 
triple-slot phase of site A lies within the range of the 4th 
century BC to 1st century AD. 

T H E D I T C H 

T w o s a m p l es o f a n i m al b o ne f r o m a d e p o s it o f o c c u-
p a t i on d e b r is i n t h e d i t c h o f s i te A w e r e d a t ed (39 a nd 
40). T h e r e i s n o r e a s on t o d o u bt t h e i r c o n t e m p o r a n e-
i t y w i t h t h e d e p o s it i n w h i c h t h ey l a y . T h e d e p o s it 
w a s s o me w a y u p t h e d i t c h a nd m e r e ly s e r v es as a 
terminus ante quem f o r t h e c u t t i n g o f t h e d i t c h . W e 
m a y i n t e r p r et t h e d a t es t h u s. T h e minimum p e r i od f o r 
t h e d e p o s it w o u l d b e a s i n g le d i s c r e te e v e nt i n a b o ut 
t h e 5 t h c e n t u ry A D . I t c o u l d, h o w e v e r, b e o f f a r 
g r e a t er s p a n, t h e o n l y c o n s t r a i nt b e i ng t h at t h e s p an 
included t h e 5 t h c e n t u ry A D . 

I t i s c l e a r, a l s o, t h at t h e d i g g i ng o f t h e s i te A d i t c h 
m u st b e p l a c ed b e t w e en t h e l o w e r b o u n d a ry o f t h e 
p r e - d i t ch s l o ts ( s ee b e l o w) a nd t h e o c c u p a t i on d e b r is 
j u s t a s s e s s e d. T h e lower a nd upper b o u n d a r i es f o r t h e 
d i t c h - d i g g i ng a re t h e r e f o re a b o ut 4 0 0 B C a nd A D 
4 5 0 . The ditch of site A was dug sometime between the 
4th century BC and the 5th century AD. Occupation 
debris was deposited in the ditch in the 5th century AD, 
and possibly before and after. 

Correction 
S i n ce t h i s C h a p t er w as c o m p l e t ed t h e e d i t or h as 
a d v i s ed m e t h at d a te 28 i s m o r e H k e l y t o b e l o ng t o 

p h a se 3 t h an t o p h a se 4 .1 h ad a l r e a d y, w i t h i n t h e t e x t , 
r e g a r d ed t h i s d a t e 's c o n t e xt as q u e s t i o n a b l e, a nd g i v en 
i t a ' p o s s i b ly r e s i d u a l' s t a t u s. I t s a t t r i b u t i on t o p h a se 3 
d o es n o t a f f e ct t h e d i s c u s s i on o f t h e c h r o n o l o gy o f 
p h a se 3 a nd a c c o r ds w i t h t h e c o n c l u s i o n s. I t s r e m o v al 
f r o m p h a se 4 c o r r e c ts a n a n o m a ly b e c a u s e, as I h ad 
o b s e r v e d, i t w as t h e only d a te t h at w as u n a c c e p t a b ly 
o l d , e v en w h e n a l l o w i n g f o r t h e o l d - w o od e f f e c t. T h e 
figures a nd g r a p hs e x p l a i n i ng t h e a n o m a l i es o f t h e 
p h a se 4 d a t es as r e s u l ts o f t h e o l d - w o od e f f e ct w o u l d 
n o t b e c h a n g ed s i g n i f i c a n t ly b y t h e r e m o v al o f 28, n o r 
w o u l d t h e g e n e r al c o n c l u s i o n s. O n t h e c o n t r a r y, a l l t h e 
a r g u m e n ts h a ve b e en s t r e n g t h e n e d. 

P A R T 3 : T H E D A T E - L I S T S 

D a t e - L i st 1: T h e P r i m a r y In fo rmat io n 
I h e re l i s t t h e d a t es w i t h i n f o r m a t i on g l e a n ed f r o m 
t h e e d i t o r; f r o m t h e o n l y p u b l i s h ed d a t e - l i st ( d a t es 1 
t o 5 o n l y — S m i t h et al 1 9 7 0 ); f r o m a d r a ft d a t e - l i st 
c o m p i l ed b y G P e a r s on i n 1 9 76 f o r Radiocarbon b u t 
n e v er p u b l i s h e d; f r o m t h e r e g i s t er o f d a t es h e l d b y t h e 
l a b o r a t o r y; a nd f r o m o t h er s o u r c es s u ch as l e t t e rs a nd 
n o t e s. I i n c l u de t h e t e x t r e f e r e n ce n u m b e r; l a b o r a t o ry 
c o de ( f o r e x a m p le U B - 1 8 6 ) ; c o n v e n t i o n al ( q u o t e d) 
d a te w i t h s t a n d a rd e r r o r; v a l ue o f i s o t o p ic fractionation 
i n p e r - m i l ( 5 ' ' C ) , o r a n e s t i m a te i n p a r e n t h e s es ( s ee 
d i s c u s s i o n ); r e f e r e n ce t o p u b l i s h ed d a t e - h st ( s ee b e-
l o w ) ; c o n t e xt a nd s a m p le d e t a i ls ( as f a r as t h ey e x i s t ). 
W h e r e t h e i d e n t i f i c a t i on w a s r e c o r d ed i n t h e l a b o r a-
t o r y r e g i s t e r, b u t n o t i n t h e l i s t s p u b l i s h ed i n , o r 
p r o d u c ed f o r . Radiocarbon, t h e s a m p le t y p e i s i n b r a c k-
e t s. A s u m m a ry w i l l b e f o u n d i n D a t e - l i st 2 . A k ey t o 
a b b r e v i a t i o ns u s ed i n t h e D a t e - l i s ts w i l l b e f o u n d at 
t h e e nd o f D a t e - h st 3 . A l l s a m p l es a re f r o m s i te B 
u n l e ss o t h e r w i se s p e c i f i e d. 

1 U B - 1 8 6 2 4 1 3 + 4 4 B P S ' ^C ( - 2 5 ± 1 7oo) 
O a k c h a r c o a l. F r o m t h e d e s t r u c t i on l a y er at 
t h e p e r i p h e ry o f m r t s. P h a se 4 . 

2 U B - 1 8 7 2 3 47 + 5 0 B P 5 " C ( - 2 5 ± 1 7oo) 
( C h a r c o a l ). F r o m ' b u r n i ng at t h e b a se o f t h e 
o l d s o i l a b o ve t h e s i l t i n g o f t h e d i t c h ' . P r o b a b ly 
f r o m p h a se 3 ( i i ) , n e ar t h e b e g i n n i n g. 

3 U B - 1 8 8 2 6 28 ± 50 B P S ' ^C ( - 2 5 ± 1 %o) 
( C h a r c o a l ). F r o m t h e ' p r i m a ry fill'  o f t h e p h a se 
3 ( i ) d i t c h . 

4 U B - 2 0 2 2 2 15 ± 50 B P 5 " C ( - 2 5 ± 1 7oo) 
C h a r c o al f r o m s m a ll b r a n c h es ( i n c l u d i ng h a-
z e l ) . F r o m a b o ve m a k e - up o n fill  o f p o s t - p i t. 
D e s t r u c t i on l a y er o f m r t s. P h a se 4 . 

5 U B - 2 0 3 2 3 59 ± 5 0 B P 5 ' ' C ( - 2 5 ± 1 7oo) 
C h a r c o al ( i n c l u d i n g a s h ). F r o m s l ot C 3 . P h a se 
3 ( i i ) . 
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6 U B - 4 6 7 2 1 00 + 6 0 B P 5 " C ( - 2 5 ± 1 %o) 
C a r b o n i z ed b r a n c h. F r o m d e s t r u c t i on l a y er o f 
m r t s . P h a se 4 . 

7 U B - 4 6 8 2 2 95 ± 7 0 B P 5 ' ' C - 2 7 . 4 + 0 .5 7oo 
C a r b o n i z ed f i b r o u s m a t e r i a l, ' p r o b a b ly s t r a w '. 
F r o m d e s t r u c t i on l a y er o f m r t s. P h a se 4 . 

8 U B - 4 6 9 2 1 50 ± 70 B P S ' ^ C - 2 9 .1 ± 0 .5 7oo 
C e l l u l o se f r o m s m a ll t w i g s ( a nd w o o d ) . F r o m 
p a c k i ng a r o u nd c e n t r al p o st o f m r t s. P h a se 4 , 
c o n s t r u c t i o n. 

9 U B - 4 7 0 2 1 30 ± 6 5 B P d ' ^C ( - 2 5 ± 1 %o) 
C e l l u l o se f r o m 1 3 - y e a r - o ld b r a n ch o f b i r c h 
( w i t h b a r k ). F r o m p a c k i ng a r o u nd c e n t r al p o st 
o f m r t s. P h a se 4 , c o n s t r u c t i o n. 

10 U B - 7 5 2 2 1 75 ± 45 B P S ' ^ ' C - 2 6 .0 ± 0 .2 7oo 
Site A. ( T w i g - l i k e ) c h a r c o al o f a l d e r. F r o m f i l l 
o f o u t e r m o st w a l l - s l o t . 

11 U B - 7 7 0 2 2 40 ± 5 0 B P 6 " C - 2 3 . 9 ± 0 .2 %o 
Site A. O a k c h a r c o al o f b u r n t p l a n k. A c t u a l 
w a l l i n i n n er w a l l - s l o t . 

12a/b U B - 7 7 1 2 3 45 ± 4 5 B P 5 ' ' C - 2 7 . 1 ± 0 .2 7oo 
C h a r r ed t i m b e r. F r o m p a c k i ng a r o u nd c e n t r al 
p o st o f m r t s. P h a se 4 , c o n s t r u c t i o n. M e a n o f 
t w o d a t e s: 2 4 40 ± 5 5 , 2 1 50 ± 8 0 . T h e se d a t es 
w i l l b e u s ed s e p a r a t e l y. 

13 U B - 7 7 2 2 1 75 ± 45 B P 6 ' ' C - 2 4 .8 ± 0 .3 7oo 
C h a r r ed t i m b e r. C e n t r al p o st o f m r t s. P h a se 4 , 
c o n s t r u c t i o n. A b o u t 1 00 y e a rs f r o m o u t s i de o f 
p o s t. 

14 U B - 7 7 3 2 0 20 ± 3 5 B P 5 ' ' C - 2 4 . 5 + 0 .2 7oo 
C a r b o n i z ed f i b r o u s m a t e r i a l, ' p r o b a b ly s t r a w '. 
F r o m d e s t r u c t i on o f m r t s. P h a se 4 . 

1 5 a/ b U B - 7 74 2 1 60 ± 65 B P 6 ' ' C - 2 6 .0 ± 0 .2 %o 
C a r b o n i z ed t i m b er o f a l d e r. F r o m d e s t r u c t i on 
l a y er o f m r t s. P h a se 4 . M e a n o f t w o d a t e s: 
2 1 95 ± 8 0 , 2 1 25 + 8 5 . T h e se d a t es w i l l b e u s ed 
s e p a r a t e l y. 

16 U B - 7 7 5 2 3 95 ± 2 3 5 B P 5 ' ' C - 2 4 . 4 ± 0 .2 7oo 
C a r b o n i z ed t i m b er o f a s h. F r o m d e s t r u c t i on 
l a y er o f m r t s. P h a se 4 . 

17 U B - 7 7 8 2 2 20 ± 70 B P 5 ' ^ C - 2 3 .9 ± 0 .2 7oo 
C a r b o n i z ed s t a ke o f a s h. S l o t N , p h a se 3 ( i i ) . 

18 U B - 7 8 0 2 2 40 ± 70 B P 5 ' ' C - 2 4 .9 ± 0 .2 %o 
H a z el c h a r c o a l. F r o m b u r n i ng c o n t i g u o us w i t h 
t h at i n s l ot G . P h a se 3 ( i i ) . 

19 U B - 7 8 1 2 5 05 ± 50 B P S ' ^ C - 2 4 .9 ± 0 .2 7oo 
( H a z e l) c h a r c o a l. F r o m s l ot G . P h a se 3 ( i i ) . 

20 U B - 7 8 2 2 1 85 ± 55 B P S ' ^ C - 2 4 .7 + 0 .2 %o 
A s h a nd h a z el c h a r c o a l. F r o m f i l l o f s l ot W . 
P h a se 3 ( i i ) . 
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21 U B - 7 8 3 2 3 20 ± 70 B P 5 " C - 2 4 . 1 ± 0 .2 %o 
A s h c h a r c o al f r o m a b u r n t p l a nk 15 c m w i d e , 
s o me b o ne i n s a m p l e. F r o m s l ot V . P h a se 3 ( i i ) . 

22 U B - 7 8 4 2 1 10 ± 45 B P 5 ' ' C - 2 4 .5 ± 0 .2 7oo 
C a r b o n i z ed a l d er p l a n k. F o u n d l y i n g l e n g t h-
w a y s o n b o t t o m o f s l ot R . P h a se 3 ( i i ) . 

23 U B - 7 8 5 2 3 6 5 + 7 0 B P S ' ^ C - 2 4 .2 ± 0 .2 «/oo 
O a k c h a r c o a l. P o st i n s l ot J. P h a se 3 ( i i ) . 

24 U B - 7 8 6 2 3 7 0 + 7 0 B P S ' ^ C - 2 4 .1 ± 0 .2 7oo 
A s h a nd a l d er c h a r c o a l. F r o m f i l l o f s l ot Z . 
P h a se 3 ( i i ) . 

25 U B - 7 8 7 2 4 65 ± 1 60 B P 5 ' ' C - 2 3 .9 ± 0 .2 7oo 
A s h c h a r c o a l. F r o m s l ot X . P h a se 3 ( i i ) . 

26 U B - 7 8 8 2 2 60 ± 45 B P 5 ' ' C - 2 3 .2 ± 0 .2 7oo 
A s h c h a r c o a l. F r o m s l ot Y . P h a se 3 ( i i ) . 

27 U B - 7 9 0 2 1 05 ± 70 B P S ' ^ C - 2 3 .7 ± 0 .2 7oo 
A s h a nd a l d er c h a r c o a l. F r o m u p p er f i l l i n g o f 
s l o t Z ' . P h a se 3 ( i i ) . 

28 U B - 9 7 0 2 3 15 + 4 5 B P 6 ' ' C ( - 2 5 ± 1 7oo) 
A l d e r c h a r c o a l. F r o m f e a t u re 1 2 6. P h a se 3? 

29 U B - 9 7 1 2 0 85 ± 75 B P 5 1 3 C - 2 5 .0 ± 0 .2 7oo 
O a k c h a r c o a l. F r o m d a rk f i l l o f p e r i p h e r al p i t 
1 6 . P h a se 3 ( i ) . 

30 U B - 9 7 2 2 1 70 ± 7 0 B P 5 " C ( - 2 5 ± 1 7oo) 
O a k c h a r c o a l. F r o m p o s t - p it o f m r t s . P h a se 4 . 

31 U B - 9 7 3 1 7 85 ± 2 30 B P 5 ' ' C - 2 4 .6 ± 0 .2 7oo 
A l d e r c h a r c o a l. B u r n i n g d i r e c t ly u n d er r ed d a ub 
o v er s l ot C l . P h a se 3 ( i i ) . 

32 U B - 9 7 4 3 1 40 ± 45 B P 5 " C - 2 4 . 5 ± 0 .2 7oo 
O a k a nd a l d er c h a r c o a l. ' L i n i n g ' t o c l ay c o re i n 
p e r i p h e r al p i t 1 5. P h a se 3 ( i ) . 

33 U B - 9 7 6 1 7 85 ± 4 5 B P 5 ' ' C ( - 2 5 ± 1 7oo) 
O a k a nd a l d er c h a r c o a l. F r o m s l ot A 2 . P h a se 
3 ( i i ) . 

34 U B - 9 7 7 2 2 45 ± 70 B P 5 ' ' C - 2 4 .6 ± 0 .2 7oo 
A s h c h a r c o a l. F r o m s l ot B 3 . P h a se 3 ( i i ) . 

3 5 a A> U B - 9 78 2 0 45 + 3 5 B P 5 " C - 2 4 . 7 ± 0 .2 7oo 
A l d e r a nd a sh c h a r c o al ( i n c l u d i n g a sh o f m o r e 
t h a n 5 0 y e a rs a g e ). F r o m s l ot C 3 . P h a se 3 ( i i ) . 
M e a n o f t w o d a t e s: 2 0 76 ± 4 5 , 2 0 15 ± 4 5 . 
T h e se d a t es w i l l b e u s ed s e p a r a t e l y. 

36 U B - 9 7 9 2 6 15 ± 75 B P 5 ' ' C - 2 3 .7 ± 0 .2 7oo 
H a z el a nd a l d er c h a r c o a l. F r o m t h e ' b a s e' o f 
t h e d i t c h . P h a se 3 ( i ) . 

37 U B - 9 8 2 2 5 50 ± 60 B P 6 ' ' C - 2 3 .9 ± 0 .2 7oo 
C a r b o n i z ed s t a ke o f o a k. F r o m w a l l - s l o t E 3 . 
P h a se 3 ( i i i ) . T h i s s t a k e, d e n d r o - s a m p le Q 2 1 5 7, 
h a d 6 6 r i n g s a nd n o s a p w o o d. A d e n d r o-
c h r o n o l o g i c al d a te c o u l d n o t b e o b t a i n e d. 
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38 O x a - 3 3 21 2 1 50 ± 70 B P 8 ' ' C - 2 0 .3 %o 
C o l l a g en f r o m B a r b a ry a pe s k u l l . F r o m fill  o f 
s l o t C 2 . P h a se 3 ( i i ) . 

39 U B - 3 3 0 7 1 6 43 ± 26 B P S ' ^ C - 2 4 .9 ± 0 .2 %o 
e r r or m u l t i p l i e r 1 .6 
Site A. C o l l a g en f r o m a n i m al b o n e s. ' O c c u p a-
t i o n s o i l ' s o me w a y u p d i t c h fill. 

40 U B - 3 3 0 8 1 5 17 ± 29 S ' ^ C - 2 5 .6 ± 0.2% o 
e r r or m u l t i p l i e r 1 .6 
Site A. C o l l a g en f r o m a n i m al b o n e s. ' O c c u p a-
t i o n s o i l ' s o me w a y u p d i t c h fill. 

D a t e - L i st 2: Rad iocarbon Dates — P r i m a r y D a ta S u m m a ry i n Labora to r y Number  O r d er 

no lab no date B P sample type context 

1 U B - 1 8 6 2 4 1 5 ± 5 0$ c h a r c o al ( o a k) B m r t s d e s t m c t i on 

2 U B - 1 8 7 2 3 4 5 ± 5 5 t ( c h a r c o a l) B e a r ly 3 ( i i ) o v er 3 ( i ) d i t c h 

3 U B - 1 8 8 2 6 3 0 ± 5 5t ( c h a r c o a l) B 3 ( i ) d i t c h , p r i m a r y fill 

4 U B - 2 0 2 2 2 1 5 ± 5 5$ c h a r c o al ( s m a ll b r a n c h e s, 

i n c . h a z e l )* 

B m r t s d e s t m c t i on 

5 U B - 2 03 2 3 6 0 ± 5 5$ c h a r c o al ( i n c . a s h )* B s l o t C 3 

6 U B - 4 6 7 2 1 0 0 ± 6 5$ b u r n t b r a n ch B m r t s d e s t m c t i on 

7 U B - 4 6 8 2 2 9 5 ± 70 b u r n t s t r aw B m r t s d e s t m c t i on 

8 U B - 4 6 9 2 1 5 0 ± 7 0 t w i g s [ a n d w o o d ] * B m r t s c o n s t m c t i o n, c e n t r a l - p o st p a c k i ng 

9 U B - 4 7 0 2 1 3 0 ± 7 0$ 1 3 - y e a r - o ld b r a n ch ( b i r c h ) B m r t s c o n s t m c t i o n, c e n t r a l - p o st p a c k i ng 

1 0 U B - 7 5 2 2 1 7 5 ± 4 5 c h a r c o al ( a l d er [ t w i g s ? ] ) * A p h a se 1 , o u t er s l o t 

1 1 U B - 7 7 0 2 2 4 0 ± 5 0 b u r n t p l a nk ( o a k) A p h a se 1 , i n n er s l o t 

1 2a U B - 7 7 1 2 4 4 0 ± 5 5 b u r n t t i m b er B m r t s c o n s t m c t i o n, c e n t r a l - p o st p a c k i ng 

1 2 b U B - 7 7 1 2 1 5 0 ± 8 0 as 12a as 1 2a 

1 3 U B - 7 7 2 2 1 7 5 ± 4 5 t i m b e r , c. 1 0 0 y e a rs f r o m b a rk B m r t s c o n s t m c t i o n, c e n t r al p o st 

1 4 U B - 7 7 3 2 0 2 0 ± 3 5 b u r n t s t r aw B m r t s d e s t m c t i on 

1 5a U B - 7 7 4 2 1 9 5 + 80 b u m t t i m b e r ( a l d e r) B m r t s d e s t m c t i on 

1 5 b U B - 7 7 4 2 1 2 5 ± 8 5 as 15a as 1 5a 

16 U B - 7 7 5 2 3 9 5 ± 2 35 b u m t t i m b er ( a s h) B m r t s d e s t m c t i on 

17 U B - 7 7 8 2 2 2 0 ± 7 0 b u r n t s t a ke ( a s h) B w a l l i n s l o t N 

18 U B - 7 8 0 2 2 4 0 ± 7 0 c h a r c o al ( h a z e l) B c o n t e m p o r a ry w i t h s l ot G 

19 U B - 7 8 1 2 5 0 5 ± 5 0 c h a r c o al ( h a z e l) B s l o t G 

20 U B - 7 8 2 2 1 8 5 ± 5 5 c h a r c o al ( a s h, h a z e l) B s l ot W 

21 U B - 7 8 3 2 3 2 0 ± 7 0 b u m t p l a nk ( a s h ), b o ne B w a l l i n s l o t V 

22 U B - 7 8 4 2 1 1 0 ± 45 b u m t p l a nk ( a l d e r) B w a l l i n s l o t R 

23 U B - 7 8 5 2 3 6 5 ± 7 0 c h a r c o al ( p o s t, o a k) B w a l l i n s l o t J 

2 4 U B - 7 8 6 2 3 7 0 ± 7 0 c h a r c o al ( a s h, a l d e r) B s l o t Z 

2 5 U B - 7 8 7 2 4 6 5 ± 1 6 0 c h a r c o al ( a s h) B s l o t X 

2 6 U B - 7 8 8 2 2 6 0 ± 4 5 c h a r c o al ( a s h) B s l o t Y 

2 7 U B - 7 9 0 2 1 0 5 ± 7 0 c h a r c o al ( a s h, a l d e r) B s l o t Z ' 

2 8 U B - 9 7 0 2 3 1 5 ± 5 0$ c h a r c o al ( a l d e r) B m r t s c o n s t m c t i on ? 

29 U B - 9 7 1 2 0 8 5 ± 7 5 c h a r c o al (oak) B 3 ( i ) p e r i p h e r al p i t , d a rk fill 

3 0 U B - 9 7 2 2 1 7 0 ± 7 5$ c h a r c o al ( o a k) B m r t s c o n s t m c t i on 

3 1 U B - 9 7 3 1 7 85 ± 2 30 c h a r c o al ( [ a l d e r ] ) B w a l l ? i n s l o t C l 

32 U B - 9 7 4 3 1 4 0 ± 9 0 c h a r c o al ( o a k, a l d e r) B 3 ( i ) p e r i p h e r al p i t , l i n i n g c l ay c o re 

33 U B - 9 7 6 1 7 85 ± 5 0$ c h a r c o al ( o a k, a l d e r) B s l ot A 2 

34 U B - 9 7 7 2 2 4 5 ± 7 0 c h a r c o al ( a s h) B w a l l ? i n s l o t B3 

3 5 a U B - 9 7 8 2 0 7 5 ± 4 5 c h a r c o al ( a l d e r, a s h) B w a l l ? i n s l ot C3 

3 5 b U B - 9 7 8 2 0 1 5 ± 4 5 as 3 5 a as 3 5 a 

3 6 U B - 9 7 9 2 6 1 5 + 7 5 c h a r c o al ( h a z e l, a l d e r) B 3 ( i ) d i t c h , p r i m a r y fill 

3 7 U B - 9 8 2 2 5 5 0 + 6 0 b u m t s t a ke ( o a k, 7 0 + + y e a r s) B w a l l i n s l ot E 3 

3 8 O x a - 3 3 21 2 1 5 0 ±70 s k u l l of B a r b a ry a pe B i n s l o t C 2 

3 9 U B - 3 3 0 7 1 6 45 ± 25 a n i m al b o n es A o c c u p a t i on m a t e r i al i n d i t c h 

4 0 U B - 3 3 0 8 1 5 15 ± 30 a n i m al b o n es A o c c u p a t i on m a t e r i al i n d i t c h 
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no context sd*  range 1 a-1 status range 2 

sample-date context-date 

Site A , wall-slots of phase 1 

10 o u t er 7 0 3 9 0 B C - 6 0 B C 0 c / r 3 9 0 B C - 6 0 B C > 

11 i n n e r ( w a l l p l a n k) 8 0 4 4 0 B C - 1 2 0 B C 2 5 0 c 3 7 0 B C - A D 6 0 

Site A , layer  of occupation mater ial i n ditch fill 

39 3 5 A D 3 4 0 - A D 4 4 0 0 c A D 3 4 0 - A D 4 4 0 

40 35 A D 4 4 0 - A D 6 2 0 0 c A D 4 4 0 - A D 6 2 0 

Site B , phase 3(i), ditch 

3 p r i m a r y fill 8 5 9 5 0 B C - 5 5 0 B C 2 5 0 c / r 8 8 0 B C - 3 7 0 B C > 

36 p r i m a r y fill 1 1 5 1 0 1 0 B C - 4 4 0 B C 8 0 c / r 9 8 0 B C - 3 9 0 B C > 

Site B , phase 3(i), per ipheral pit s 

32 l i n i n g c l ay c o re 1 3 5 1 7 4 0 B C - 1 0 3 0 B C 2 0 0 c / r 1 6 6 0 B C - 9 1 0 B C > 

29 d a rk fill 1 1 5 3 9 0 B C - A D 1 4 0 2 5 0 c / r 3 1 0 B C - A D 3 1 0 > 

Site B , phase 3(i i) , 'early ' 

2 o v er 3 ( i ) d i t c h 8 5 7 7 0 B C - 2 2 0 B C 2 5 0 c 7 0 0 B C - 4 0 B C 

Site B , phase 3(i i) , southern ring-slots 

33 A 2 fill 8 0 A D 5 0 - A D 4 1 0 2 0 0 r A D 1 1 0 - A D 5 5 0 

34 B 3 ( w a l l ? ) 1 0 5 7 3 0 B C - 5 0 B C 1 5 0 c / r 6 7 0 B C - A D 4 0 > 

31 C l ( w a l l ? ) 3 5 0 730 B C - A D 9 4 0 1 0 0 c / r 6 8 0 B C - A D 9 9 0 

38 C 2 fill 75 390 B C - 2 0 B C 0 c 3 9 0 B C - 2 0 B C 

5 C 3 ( w a l l ? ) 85 780 B C - 2 2 0 B C 2 0 0 c / r 7 2 0 B C - 8 0 B C > 

3Sa C 3 ( w a l l ? ) 70 3 4 0 B C - A D 5 0 1 2 0 c / r 300 B C - A D 1 3 0 > 

35b C 3 ( w a l l ? ) 7 0 1 9 0 B C - A D 1 1 0 1 2 0 c / r 1 5 0 B C - A D 1 9 0 > 

Site B , phase 3(i i) , norther n ring-slots 

20 W 8 5 4 1 0 B C - 3 0 B C 1 0 0 r 3 7 0 B C - A D 3 0 > 

21 V ( w a l l - p l a n k) 1 0 5 7 8 0 B C - 1 5 0 B C 1 5 0 c 7 2 0 B C - 6 0 B C 

17 N ( w a l l - s t a k e) 1 0 5 5 1 0 B C - 2 0 B C 1 5 0 c 4 5 0 B C - A D 7 0 

22 R ( w a l l - p l a n k) 7 0 3 6 0 B C - A D 2 0 1 0 0 c 3 2 0 B C - A D 8 0 

23 J ( w a l l - p o s t) 1 0 5 8 0 0 B C - 1 9 0 B C 2 5 0 c 7 2 0 B C - 2 0 B C 

18 ' c o n t e m p o r a ry w i t h G ' 1 0 5 5 4 0 B C - 5 0 B C 5 0 c 5 1 0 B C - 3 0 B C 

19 G 8 0 8 3 0 B C - 4 1 0 B C 5 0 c / r 8 1 0 B C - 3 8 0 B C > 

Site B , phase 3(i i) , 'avenue' slots 

24 Z 1 0 5 8 0 0 B C - 2 0 0 B C 1 2 0 r 7 5 0 B C - 1 3 0 B C > 

25 X 2 4 0 1 1 6 0 B C - A D 1 1 5 0 r 1 0 9 0 B C - A D 8 0 > 

26 Y 7 0 4 5 0 B C - 1 5 0 B C 1 5 0 r 4 0 0 B C - 5 0 B C > 

27 Z ' 1 0 5 3 9 0 B C - A D 100 1 2 0 r 3 4 0 B C - A D 1 7 0 > 

Site B , phase 3(i i i ) , 'house' slots 

37 E 3 ( w a l l - s t a k e) 9 5 8 8 0 B C - 4 2 0 B C 2 5 0 c 8 0 0 B C - 2 5 0 B C 

Site B , phase 4, mrt s 'construction' 

28 p i t ? 80 740 B C - 200 B C 1 0 0 c / r 7 0 0 B C - 1 4 0 B C > 

12a p o s t - p a c k i ng 8 5 8 1 0 B C - 3 7 0 B C 2 5 0 c 7 4 0 B C - 1 9 0 B C 

12b p o s t - p a c k i ng 1 2 0 4 4 0 B C - A D 9 0 2 5 0 c 3 7 0 B C - A D 2 7 0 

13 c e n t r al p o st 7 0 3 9 0 B C - 6 0 B C + 1 0 0 c 2 9 0 B C - A D 4 0 

8 p o s t - p a c k i ng 1 0 5 3 9 0 B C - A D 5 0 1 0 0 c 3 5 0 B C - A D 1 1 0 

9 p o s t - p a c k i ng 1 0 5 4 0 0 B C - A D 8 0 + 5 c 4 0 0 B C - A D 8 0 

30 p o s t - p it fill  ? 1 1 5 4 4 0 B C - A D 4 0 2 5 0 r 3 5 0 B C - A D 2 0 0 > 
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no context sd*  range 1 a-1 status range 2 

sample-date context-date 

Site B , phase 4, mrts 'destruction' 

1 8 0 7 9 0 B C - 3 7 0 B C 2 5 0 c 7 2 0 B C - 1 90 B C 

7 1 0 5 7 7 0 B C - U O B C 0 c 7 7 0 B C - U O B C 

4 8 5 4 3 0 B C - 8 0 B C 2 0 c 4 2 0 B C - 7 0 B C 

14 5 5 1 6 0 B C - A D 9 0 0 c 1 6 0 B C - A D 9 0 

15a 1 2 0 5 1 0 B C - A D 3 0 1 0 0 c 4 7 0 B C - A D 9 0 

ISb 1 3 0 4 3 0 B C - A D 1 2 0 1 0 0 c 3 9 0 B C - A D 1 80 

6 1 0 0 3 9 0 B C - A D 9 0 5 0 c 3 2 0 B C - A D 1 20 

16 3 5 0 1 3 9 0 B C - A D 3 4 0 1 5 0 c 1 3 2 0 B C - A D 4 6 0 

Key to Abbreviation s i n Date-L is ts 

l a b n o L a b o r a t o ry n u m b er ( U B = R a d i o c a r b on D a t i n g L a b o r a t o ry o f Q u e e n 's U n i v e r s i t y , B e l f a s t; 

O x a = O x f o r d U n i v e r s i t y A c c e l e r a t or D a t i n g F a c i l i t y ) 

d a te B P T h e c o n v e n t i o n al r a d i o c a r b on d a te as s u p p l i ed b y t h e l a b o r a t o r y, r o u n d ed t o t h e n e a r e st f i v e y e a r s. 

% T h e s t a n d a rd d e v i a t i on h as b e en a d j u s t ed f o r i s o t o p ic f r a c t i o n a t i on b y e s t i m a t i o n, a f t er r e l e a se b y t h e l a b o r a t o r y. 

Sample type 

( ) I n f o r m a t i o n n o t i n ' p u b l i s h e d' s o u r ce ( s ee i n t r o d u c t i on t o D a t e - l i st 1 ) . 

*  S a m p le n o t d e s c r i b ed as s i n g le p i e ce o r s i n g le t y p e, b u t m a y b e m i x e d w i t h m a t e r i al o f a p o t e n t i a l ly g r e a t er a g e - l a p s e. 

Context 
A S i t e A . 

B S i t e B . 

m r t s M u l t i - r i n g t i m b e r s t r u c t u r e. 

c o n s t r u c t i on D e s c r i b ed b y e x c a v a t or as ' c o n s t r u c t i o n' c o n t e xt o f m r t s , f o r e x a m p le t i m b e r o f t h e b u i l d i n g i t s e l f , 

d e s t r u c t i on D e s c r i b ed b y e x c a v a t or as ' d e s t r u c t i o n' c o n t e xt o f m r t s . 

s d*  S t a n d a rd d e v i a t i on a d j u s t ed f o r a l l n e c e s s a ry e r r o rs as e x p l a i n ed i n t e x t . T h i s f o r m s t h e b a s is o f t h e r a n ge c a l c u l a t i o n s. 

r a n ge 1 E s t i m a te o f s a m p l e - d a te ( t h at i s , c a l i b r a t ed 9 5 % r a n g e, n o t a d j u s t ed f o r o l d - w o o d e f f e c t ). 

a -1 E s t i m a te o f a g e - l a p se ( t h at f o r b o ne i s i n s i g n i f i c a n t ). 

+ N A c t u a l a ge c o r r e c t i on ( t h at i s , k n o w n o l d - w o o d v a l u e ). 

status E s t i m a te o f r e l a t i o n s h ip o f s a m p le t o c o n t e x t. 

c C o n t e m p o r a r y. 

r P r o b a b ly r e s i d u al ( t h at i s , o l d er t h a n c o n t e x t ), 

c / r P o s s i b ly r e s i d u a l. 

r a n ge 2 E s t i m a te o f c o n t e x t - d a te ( t h at i s , c a l i b r a t ed 9 5 % r a n g e, c o r r e c t ed f o r o l d - w o o d e f f e ct a nd i n d i c a t i ng p o s s i b le r e s i d u a l i ty b y 

t h e u se o f ' > ' , w h i c h m e a ns ' o r l a t e r ' ). 

Notes 

1 M o s t o f t h e d a t es ( 1 t o 37) w e r e p r o d u c ed b y t h e 
R a d i o c a r b o n - D a t i ng U n i t o f Q u e e n 's U n i v e r s i t y , 
B e l f a s t, b e t w e en 1 9 68 a nd 1 9 7 5. O n l y f i v e h a ve 
b e en p u b l i s h ed b y t h e l a b o r a t o ry ( S m i t h et al 
1 9 7 0 ). A l l t h e se s a m p l es w e r e c o n v e r t ed t o m e t h-
a n e, a f t er a p p r o p r i a te p r e - t r e a t m e n t. S a m p le 38 
w a s d a t ed b y a c c e l e r a t o r - m a s s - s p e c t r o m e t ry 
( A M S ) at O x f o r d U n i v e r s i t y. S a m p l es 39 a nd 40 
w e r e d a t ed b y t h e Q u e e n 's U n i v e r s i ty l a b o r a t o ry 
a f t er c o n v e r s i on t o b e n z e n e. A l l d a t es a re l i s t ed i n 
D a t e - H s ts 1 a nd 2 . A s w i l l b e s e e n, t h r ee s a m p l es 
w e r e m e a s u r ed t w i c e , a nd f o r e a ch p a i r w e u se 
e a ch m e a s u r e m e nt as i f i t w e r e a n a s s e s s m e nt o f a 
d i f f e r e nt s a m p l e, h a v i ng n o g r o u n ds f o r a s s u m i ng 
t h at i n e a ch c a se t h e s u b - s a m p l es w e r e o f a n 
i d e n t i c al n a t u r e. 

2 Y e t , as F i g 7 3 s h o ws c l e a r l y, e v en t h e c o n v e n-

t i o n a l d a t es as o r i g i n a l l y p u b l i s h ed s h o w ed n o 
c h r o n o l o g i c al t r e n d c o n s i s t e nt w i t h t h e 
s t r a t i g r a p hy b u t a p p e a r e d, w i t h i n a w i d e 
b r a c k e t, t o b e q u i t e r a n d om ( s ee L y n n 1 9 8 6 b, 
1 6 - 1 7 ). 

3 A n ' a b s o l u te d a t e' i s a d a te i n ' r e a l ', ' s i d e r e a l ', 
' s o l a r' o r ' c a l e n d a r' y e a r s. 

4 T h e f i r s t p u b l i s h ed s u g g e s t i on t h at t h i s t r a d i t i o n al 
c h r o n o l o gy w as w r o n g w i l l b e f o u n d i n W a r n er 
1 9 9 4 b, 6 6 . 

5 I n e a r l i er p u b l i c a t i o ns t h e r a d i o c a r b on d a te i s 
o f t e n g i v e n as B C / A D ( o r b c / a d) as i f i t r e p r e-
s e n t ed a n a b s o l u te d a t e. A s w e w i l l s ee i n t h i s t e x t , 
i t i s c l e ar t h at ' r a d i o c a r b on y e a rs B P ' a re n o t 
a b s o l u te y e a r s, a nd t h e c o n v e n t i on n o w i s t o u se 
B P as a s h o r t h a nd f o r ' r a d i o c a r b on a g e' i n ' r a d i o-
c a r b on y e a r s '. 
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6 E v en so w e m u st b e ar i n m i n d t h at at 9 5 % p r o b-
a b i h ty t h e re r e m a i ns a 1 i n 2 0 c h a n ce t h at t h e t r u e 
v a l ue o f t h e m e a s u r e m e nt l i e s o u t s i de t h at b r a c k e t. 
T h e r e i s a v e ry m u c h g r e a t er p r o b a b i l i ty ( o v er 
9 9 % ) t h at t h e t r u e v a l ue l i e s w i t h i n a p l u s - o r-
m i n u s t h r ee s t a n d a rd d e v i a t i on b r a c k et b u t s u ch a 
b r a c k e t, t h o u gh i t i n c r e a s es t h e p r o b a b i l i ty t h at 
t h e e s t i m a te r e f l e c ts t h e r e al d a t e, s e r i o u s ly w e a k-
e ns i t s a r c h a e o l o g i c al u s e f u l n e s s. O n t h e o t h er 
h a n d, t h e s i n g le s t a n d a rd d e v i a t i on b r a c k et w i d e l y 
u s ed b y m a ny a r c h a e o l o g i s ts i n i n t e r p r e t i ng d a t es 
i s m o r e p r e c i se b u t g u a r a n t e es n o b e t t er a p r o b-
a b i l i t y t h an t w o i n t h r ee o f c o n t a i n i ng t h e t r u e 
v a l u e. N i n e t y - f i v e p er c e nt i s a f a i r c o m p r o m i se 
b e t w e en a c c u r a cy a nd p r e c i s i on a nd h as l o n g b e en 
u s ed b y s t a t i s t i c i a ns as t h e m i n i m u m b r a c k et o f 
p r o b a b i l i t y, o r c o n f i d e n c e, w i t h w h i c h i t i s w i s e t o 
d e a l, a nd i n c r e a s i n g ly a l so b y a r c h a e o l o g i s ts ( s ee 
B o w m a n 1 9 9 0, 3 9 , f o r t h e i m p o r t a nt d i s t i n c t i on 
b e t w e en p r e c i s i on a nd a c c u r a c y ). 

7 G P e a r s o n, d i r e c t or o f t h e Q u e e n 's U n i v e r s i ty 
l a b o r a t o ry w h e n d a t es 1 t o 37 w e r e p r o d u c e d, h as 
s u g g e s t ed t h at a n e r r or m u l t i p h er o f 1 . 25 i s s u f f i -
c i e nt t o a l l o w f o r t h e se u n k n o w n e r r o rs i n t h e c a se 
o f t h e N a v an d a t e s. H o w e v e r, p r o m p t ed b y a 
s u g g e s t i on o f M B a i l l i e t h at B e l f a st d a t es w i t h a 
q u o t ed s t a n d a rd e r r or o f l e ss t h an 7 0 y e a rs w e r e 
u n r e a l i s t ic ( B a i l l i e a nd P i l c h er 1 9 8 3, 5 6 ) , B a i l l i e , 
G M c C o r m ac ( t h e p r e s e nt d i r e c t or o f t h e l a b o r a-
t o r y ) a nd I h a ve i n v e s t i g a t ed a g r o up o f k n o w n -
d a te s a m p l es f o r t h e first m i l l e n n i u m B C p r o -
d u c ed i n B e l f a st o n t h e s a me e q u i p m e n t, b y t h e 
s a me p r o c e d u r es a nd at t h e s a me t i m e as t h e 
N a v an d a t e s. I t w as c l e ar t h at t h e s a m p le d a t es f o r 
N a v an s h o u ld e i t h er b e g i v en a m i n i m u m s t a n d-
a rd d e v i a t i on o f 9 0 y e a rs o r b e s u b j e c t ed t o a n 
e r r or m u l t i p l i e r o f 1 . 5. W e h a ve u s ed t h e s e c o nd 
a l t e r n a t i ve o n t h e a d v i ce o f G M c C o r m a c. I t 
s h o u ld b e r e m e m b e r ed t h at e n l a r g i ng t h e e r r or 
t e r m d e c r e a s es t h e p r e c i s i on o f t h e d a te b u t i n -
c r e a s es t h e p r o b a b i l i ty t h at i t a c t u a l ly r e f l e c ts t h e 
t r u e v a l ue ( s ee n o t e 6 ) . D a t es 38-40 i n c l u s i ve 
h a ve q u o t ed s t a n d a rd d e v i a t i o ns t h at a l r e a dy i n -
c l u de p o t e n t i al l a b o r a t o ry e r r o rs ( e r r or m u l t i p l i e r 
= 1 .6 f o r 39 a nd 1.4 f o r 40) a nd w e a re a d v i s ed b y 
t h e l a b o r a t o r i es t h at n o f u r t h er a d j u s t m e nt i s 
n e c e s s a r y. 

8 S o me s o p h i s t i c a t ed p r o c e d u r es a nd p r o g r a m m es 
a l l o w a c a l i b r a t ed d a te t o b e o b t a i n ed w h i c h c o n-
t a i ns p r o b a b i l i s t ic s t r u c t u r e. I d o n o t r e g a rd t h e se 
p r o c e d u r es as e i t h er s a fe o r u s e f u l, t h o u gh w i t h 
t i m e a n a c c e p t a b le p r o c e d u re w i l l n o d o u bt 
e m e r g e. 

9 F o r t h i s r e p o rt I h a ve u s ed t h e l i m i t - i n t e r c e pt 
m e t h od i n w h i c h t h e M + 2 s d*  l i m i t s o f t h e 
c o n v e n t i o n al d a te a re c a l i b r a t e d, t h e o u t e r m o st 
i n t e r c e p ts b e i ng u s e d. T h e se a re o u t w a r d ly 

r o u n d ed t o t h e n e a r e st t e n y e a r s. T h e r e s u l t s, 
p r o d u c ed b y m y o w n c o m p u t er p r o g r a m me a nd 
b a s ed o n t h e c a l i b r a t i on c u r v es o f S t u i v er a nd 
P e a r s on ( 1 9 8 6) a nd P e a r s on a nd S t u i v er ( 1 9 8 6 ), 
a re i n d i s t i n g u i s h a b le f r o m t h o se o b t a i n ed o n t h e 
s a me s et o f d a t es u s i ng t h e C A L I B p r o g r am o f 
S t u i v er a nd R e i m er ( 1 9 8 6 ). 

1 0 1 h a ve a v o i d ed t h e p o p u l a r, b u t r a t h er c l u m sy u se 
o f C a l B C a nd C a l A D t o i n d i c a te t h i s. 

1 1 I n d i s c u s s i ng t h e D a n e b u ry d a t es C u n l i f f e a nd 
O r t o n ( 1 9 8 4, 1 9 0) a p p e ar t o d i s m i ss t h e o l d -
w o o d e f f e ct o n t h e b a s is o f p a i r ed ( s h o r t - l i f e a nd 
l o n g - l i f e ) s a m p l es f r o m t h e s i te f a i l i n g t o s h ow a 
s i g n i f i c a nt d i f f e r e n c e. I n f a ct t h e i r t a b le 18 i s 
e r r o n e o us a nd t h e b o ne s a m p l es a re i n d e ed i n -
c o n s i s t e nt w i t h o t h er e v i d e n c e. T h e y r e c o g n i ze 
( C u n h f f e a nd O r t o n 1 9 8 4, 1 9 3 ), b u t m a ke n o 
a l l o w a n ce f o r t h e f a c t, t h at a b i as i s p r e s e n t, t h e 
l o n g - l i f e ( c h a r c o a l) s a m p l es b e i ng o n a v e r a ge a b o ut 
2 0 0 y e a rs o l d er t h an t h e s h o r t - l i f e ( g r a i n) s a m-
p l e s, e x a c t ly as I w o u l d p r e d i ct t o b e a g e n e r al 
c o n s e q u e n ce o f t h e o l d - w o od e f f e c t. T h e o l d -
w o o d e f f e ct i s a p p a r e nt i n m a ny p u b l i s h ed r e -
p o r t s, t h o u gh n o t a l w a ys r e c o g n i z e d. T h e c l e a r e st 
r e c e nt d e m o n s t r a t i on o f i t s u b i q u i t y a nd p o t e n t i al 
s i ze i s b y A n d e r s on ( 1 9 9 1 ). 

1 2 I t m u st b e s t r e s s ed t h at u se o f t h e a g e - l a p se ( t h e 
maximum l i k e l y o r g a n ic a ge o f t h e s a m p l e) i n t h e 
c a l c u l a t i on t o a l l o w f o r t h e p o t e n t i al o l d - w o od 
e f f e ct d o es n o t a s s u me t h at t h e s a m p le i s t h at 
m a x i m u m a g e. I t a s s u m es a n equal probability t h at 
t h e a c t u al o r g a n ic a ge l i e s s o m e w h e re b e t w e en 
z e ro a nd t h e a g e - l a p se v a l u e. I f w h o l e - t r e es w e re 
always u s ed c o m p l e t e ly a nd b u r n ed w i t h e q u al 
t h o r o u g h n e ss w e m i g h t e x p e ct t o b e a b le t o p r e-
d i c t a ' s h a p e' t o t h e a g e - l a p se c u r v e, a nd a s s i gn 
p r o b a b i l i t i es t o w o o d b e i ng much t o o o l d o r slightly 
t o o o l d . U n f o r t u n a t e l y, w e d o n o t y et h a ve e v i -
d e n ce f o r s u ch a n a s s u m p t i o n. 

13 M i l l e t t a nd J a m es ( 1 9 8 3, 1 9 8) h a ve r e c o g n i z ed 
t h e i n h e r e nt p r o b l em o f t h e o l d - w o od e f f e ct a nd 
a t t e m p t ed a d i f f e r e nt s o l u t i o n. T h e y h a ve u s ed a n 
e s t i m a te o f t h e a c t u al o r g a n ic a ge o f t h e s a m p le 
b a s ed o n t h e r i n g - w i d t h s o f t h e s a m p le a nd o n a 
h y p o t h e s is t h at t h e re i s a c o r r e l a t i on b e t w e en r i n g -
w i d t h a nd o r g a n ic a g e. D e s p i te t h e f a ct t h at t h e i r 
o r g a n ic a ge e s t i m a t es a re v e ry m u c h i n l i n e w i t h 
m y p r e d i c t i o ns t h e i r h y p o t h e s is h a s, a c c o r d i ng t o 
M B a i l l i e a nd J P i l c h er ( p e r s o n al c o m m u n i c a-
t i o n ) , n o b a s is i n f a ct a nd t h e m e t h od c a n n ot b e 
r e c o m m e n d e d. 

1 4 T h e se v a l u es h a ve b e en a r r i v ed at a f t er d i s c u s-
s i o ns w i t h J P i l c h er a nd M B a i l l i e o f Q u e e n 's 
U n i v e r s i t y , B e l f a s t, a nd P H a c k n ey o f t h e U l s t er 
M u s e u m. I n p r e v i o us p a p e rs o n t h i s s u b j e ct ( i n -
c l u d i n g W a r n er 1 9 9 0) I s u g g e s t ed 2 0 0 y e a rs as 
t h e a g e - l a p se f o r o a k. A f t e r d i s c u s s i o ns w i t h M 
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B a i l l i e I i n c r e a s ed i t t o 2 5 0 y e a rs a l t h o u g h, as w e 
s ee i n t h e a n a l y s is o f t h e m u l t i - r i n g t i m b er s t r u c-
t u r e d a t e s, t h i s m i g h t s t i l l b e t o o l o w . 

15 B y J P i l c h e r, J H i l l a m a nd R L a r m o u r. 
1 6 I n t h e l a b o r a t o ry r e g i s t er t h e i d e n t i f i c a t i o ns o f 

s a m p le t y p e a re g i v en ( w h e n at a l l ) v e ry b r i e f l y . A 
t y p e s c r i pt l i s t o f d a t es p r o d u c ed f o r p u b l i c a t i on 
( b u t n o t a c t u a l ly p u b l i s h e d) i n t h e j o u r n al Radio-
carbon r e p e a ts m o st o f t h e se i d e n t i f i c a t i o n s, b u t 
n o t a l l o f t h e m. I n a f e w c a s es t h e re i s a d d ed o r 
d i f f e r e nt i n f o r m a t i o n. I n D a t e - l i s ts 1 a nd 2 I h a ve 
d i s t i n g u i s h ed b e t w e en t h e s o u r c e s. 

1 7 B e s i d es i t s s i m p l i c i t y t h e v a l ue o f t h i s a n a l y t i c al 
m e t h od i s t h at i t c an b e a p p l i ed w i t h o u t k n o w l -
e d ge o f t h e d e t a i l ed p r o b a b i l i s t ic n a t u re o f t h e 
d a te w i t h i n i t s 9 5 % l i m i t s , a c o m p l ex m a t t er r e-
s u l t i n g f r o m t h e v a r i a b i l i t y o f t h e a t m o s p h e r ic 
r a d i o c a r b on p r o p o r t i on a nd o f t h e o l d - w o od e f-
f e c t. T h e c o m p l i c a t ed i n t e r p r e t a t i ve m e t h o ds o f 
C u n l i f f e a nd O r t o n ( 1 9 8 4) a nd W i l s o n a nd W a r d 
( 1 9 8 1) c a n n ot c o pe w i t h t h e se v a r i a t i o ns a nd u n -
k n o w n s, n o r c an t h ey b e a p p l i ed w h e re t h e o l d -
w o o d e f f e ct i s l i k e l y t o e x i s t. T h e y c a n n ot t h e r e-
f o r e be r e c o m m e n d e d. T h e s t a t i s t i c al s t r a t i g r a p h ic 
c a l i b r a t i on m e t h od o f B u c k et al ( 1 9 9 4) i s l i k e l y t o 
p r o v e u s e f ul i n s o me c i r c u m s t a n c e s, b u t a g a in i t 
c a n n ot c o pe w i t h t h e o l d - w o od e f f e c t. A l t h o u g h 
m y a n a l y t i c al t e c h n i q ue l a c ks s t a t i s t i c al r i g o u r i t i s 
r o b u st a nd e a sy t o u se a nd t o a p p ly w i t h o u t s t a t i s-
t i c a l e x p e r t i s e. I h a ve n o d o u bt t h at t h e ' b l a ck 
b o x ' a n a l y s is o f r a d i o c a r b on d a t es w i l l e v e n t u a l ly 
b e c o me c o m m o n p l a c e, b u t m y p r o c e d u re g i v es 
v i r t u a l l y t h e s a me r e s u l ts as B u c k ' s c o m p l ex p r o -
c e d u re f o r t h e R u n n y m e de a nd S k a ra B r a e d a t es 
( B u c k e t a/ 1 9 9 1 ). 

1 8 T h e s e v en c o n s t r u c t i on d a t es p r o v i d e a T - v a l u e o f 
1 4 w i t h 6 d e g r e es o f f r e e d om ( w e i g h t ed m e an f o r 
t h e g r o up i s 2 2 15 + 3 5 B P ) . T h e n u l l - h y p o t h e s is 
N H ( 1 ) h as l e ss t h an a 5 % l e v el o f p r o b a b i l i ty a nd 
i s r e j e c t e d. T h e e i g ht d e s t r u c t i on d a t es g i v e a T -
v a l u e o f 2 1 w i t h 7 d e g r e es o f f r e e d om ( w e i g h t ed 
m e an 2 1 75 + 3 0 B P ) . N H ( 1 ) f o r t h i s g r o up h as l e ss 
t h a n a 0 . 5 % p r o b a b i l i ty a nd i s r e j e c t e d. T h e f i f t e e n 
c o m b i n ed d a t es g i v e a T - v a l u e o f 3 6 w i t h 1 4 
d e g r e es o f f r e e d om ( p o o l ed m e an 2 2 00 ± 2 5 B P ) . 
T h i s a l so r e q u i r es r e j e c t i on o f N H ( 1 ) at t h e 0 . 5 % 
l e v el o f p r o b a b i l i t y. I t s h o u ld b e n o t ed t h at 

u n a d j u s t ed s a m p le d a t es w o u l d h a ve c a u s ed r e j e c-
t i o n o f N H ( 1 ) at a n e v en l o w e r l e v el o f p r o b a b i l i t y. 

1 9 I n t h i s m o d i f i e d t e st t h e t h r ee g r o u ps n a m ed i n 
f o o t n o te 18 g i v e T - v a l u es o f 3 0 , 3 0 a nd 6 0 . I n a l l 
c a s es t h e n u l l - h y p o t h e s is N H ( 2 ) i s r e j e c t ed at l e ss 
t h a n 0 . 1 % p r o b a b i l i t y. I t s h o u ld a l so be p o i n t ed 
o u t t h at t h e p o o l ed m e a ns a re n o t a c c e p t a b l e, 
e v en at t h e 0 . 1 % l e v el o f p r o b a b i l i t y, as e s t i m a t es 
o f t h e k n o w n c o n t e xt d a t e. 

2 0 sê  = sd*^ + sĉ  w h e re s d* i s t h e a d j u s t ed s t a n d a rd 
d e v i a t i on o f t h e s a m p l e - d a te a nd s c = 20 — t h e 
s t a n d a rd d e v i a t i on o f t h e r e v e r s e - c a l i b r a t ed r a-
d i o c a r b on d a te o f t h e c o n s t r u c t i o n. 

2 1 T h e s t a n d a rd e r r or o f t h e d e v i a t i on ( s e) i s o b t a i n ed 
b y sê  = sd*^ + sw^ + sa ,̂ w h e re s w i s t h e w e i g h t ed 
s t a n d a rd e r r or o f t h e d a t es a nd sa i s a n e s t i m a te o f 
t h e s t a n d a rd e r r or o f t h e a g e - l a p se — ( a - l ) / 4 . 

2 2 A g a i n st t h e i r o w n w e i g h t ed m e an ( N H l ) t h e d a t es 
g i v e a T - v a l u e o f 1 9, w h i c h h as a g r e a t er t h an 5 % 
p r o b a b i l i ty a nd i s n o t r e j e c t e d. A g a i n st t h e k n o w n 
d a te o f 2 0 70 ± 2 0 B P t h e T - v a l u e i s 2 5 , w h i c h h as 
a 4 % p r o b a b i h t y, a nd n e ed n o t b e r e j e c t e d. 

2 3 F o r c o n s t r u c t i o n, T = 1 1 , w h i c h h as a p r o b a b i l i ty 
o f 1 0 %. F o r d e s t r u c t i o n, T = 1 4, w h i c h h as a 
p r o b a b i l i ty o f 5 % . 

2 4 T h e t h r ee g r o u ps i n t h i s a n a l y s is a r e: s a m p l es w i t h 
a g e - l a p se 2 0 0 y e a rs o r g r e a t e r, s a m p l es w i t h a g e-
l a p se 1 00 y e a rs t o l e ss t h an 2 0 0 y e a r s, a nd s a m-
p l es w i t h a g e - l a p se l e ss t h an 1 00 y e a rs o r p r e c i s e ly 
k n o w n a nd c o r r e c t ed f o r . T h e w e i g h t ed m e a ns o f 
t h e t h r ee g r o u ps a re 2 3 15 + 4 5 , 2 2 50 + 5 5 a nd 
2 1 0 5 ± 3 0. 

2 5 F o r t h e t h r ee g r o u p s, f o r N H ( 1 ) T = 1 0, 2 a nd 8 
w i t h p r o b a b i l i t i es o f < 5 % , > 1 0 % a nd > 1 0 %, a nd 
f o r N H ( 2 ) T = 3 9 , 3 6 a nd 8 w i t h p r o b a b i l i t i es o f 
« 0 . 1 %, « 0 . 1% a nd > 1 0 % . 

2 6 F o r t h e c o n v e n t i o n al d a t es T = 5 4 , w i t h 18 d e g r e es 
o f f r e e d o m. T h i s h as a p r o b a b i l i ty o f l e ss t h an 
0 . 1 % a nd i s r e j e c t e d. F o r t h e a g e - l a p se a d j u s t ed 
m e a ns T = 3 8 , w h i c h h as a p r o b a b i l i ty o f 0 . 5 % a nd 
s h o u ld a l so b e r e j e c t e d. I n t h i s c a se w e h a ve n o 
k n o w n d a te t o c o m p a re t h e se w i t h , so N H ( 2 ) 
d o es n o t a p p l y. 

2 7 E x t r a o r d i n a r i l y, a nd q u i t e o b v i o u s ly c o i n c i d e n-
t a l l y , t h e w e i g h t ed m e an o f t h e u n c a l i b r a t ed p i t 
d a t e s, 2 5 30 ± 9 0 , i s s t a t i s t i c a l ly i n d i s t i n g u i s h a b le 
from t h at o f t h e t w o d i t c h d a t e s, 2 6 25 ± 7 0! 


