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In 'order to aid interpretations of shell mildden 

\ stratigraphy, this thes:is examines the sedimentary 
// 

4 - 
behaviour of bi#v~ rguliusk shells during and after their - 

- 
initial deposition in archa"eologica1 siges. Attention is 

.q , 
-, 

focussed on the archaeological sig of shell - 
i 

orientation, fragmentation, vertical 
. 

6. 

displacement, and chemical weatheri'ng. + . L. 

  he methodology' of the research includes a general 

"overview of arch2-e__ological . - interests in bivalve mollusks, a 

- review of pertinent 1iterature.on the sedimentary behaviour 

of shells, experiments involving- the cultural discard of 

shells and human trampling on shell deposits, and an 

ahalysis of sediments from two Nort-hwest Coast 
< .  

archaeological sites. 

The main conclusion of the research is-that accurate 
, 

interpretations o f  shell midden strat~graphy depend not 

only on an understanding of past cultural behaviour, but ' 

also on an appreciation of the behaviour of shells as 

sedimentary particles. The value bf using the sedimentary 
* 

properties of shell in archaeological analysis is 

rest~icted by several theoretical and rnethodoloyical 

problems. It is. clear, however, 'that an understanding of 

bivalve shell taphonomy can be used to (i) increase the - 
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% 

reliability- of'behavioural and environmental inferenc s 
7 I 

supported by shell analysis, (ii) aid the identificatioq I of 

specific activity areas ( e . g . -  secondary refuse deposits70f 
' i  

shell), and-nii) assess the level of post-depositional 

isturbance i n  shel-1 deposits. 
J, 
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, a s  tQe d i e t ,  p o p u l a t i o n ,  t e c h n o l o g y ,  s e a s o n a l i t y ,  t r a d e ,  

Ad s o c i a l  o r g a n i z a t i o n  o f  p a s t  p o p u l a t i o n s .  I f  i n f e r e n c e s  
I 

a b o u t  t h e s e  .phenomena are  t o  be  a c c e p t e d  w i t h  c o n f i d e n c e ,  
, , 

t h e n  i t  is e s s e n t i a l  t h a t  f a c t o r s  which  may b i a s - t h e  

d e p o s i t s  of  s h e l l  d u r i n g  a n d  a f t e r  t h e i r  i n i t i a l  d e p o s i t i o n  , 
t 

--- 
5.- i n  a r c h a e o l o g i c a l  s i tes  be  u n d e r s t o o d .  I t  is f u r t h e r  

. s- t p r o p o s e d  t h a t  a n  u n d ' e r s t a n d i n g  o f  how d e p o s i t i o n a l  a n d  

p o s t - - d e p o s i t i o n a l  p r o c e s s e s  a f f e c t  t h e  s e d i m e n b r y  .. 
L-= 

p r o p e r t i e s  o f  b i v a l v e  s h e l l s  is' i m p o r t a n t  f o r  d e l i n e a t i n g  
' > 

s p e c i f i c  a c t i v i t y  areas  i n  s h e l l  m i d d e n s .  S i m i l a r l y ,  a 

knowledge*  of t h e  s e d i m e n t a r y  e f f e c t s  o f  site' f o r m a t i o n  
- - 

c'- - - - v-- 

p r o c e s s e ~ - w f l l  a l l o w  r e s e a r c h e r s  t o  more c o n f i d e n t l y  assess 
- - -  - 

t h e  l e v e l  of  p o s t - d ' e p o s i t i o n a l  d i s t u r b a n c e  i n  s h e l l  

d e p o s i t s ,  t h u s  i n c r e a s i n g  r e l i a b i l i t y  o f  s t r a t i g r a p h i c  . 
. - - __ 1. 

i n t e r p r e t a t i o n s .  74 

~ c c o r d i n , g l y ,  t h e  p r i n c i p a l  o b j e c t i v e  o f  t h i s  t h e s i s  is 

t o  examine  t h e  s e d i ; n e n t a r y  b e h a v i o r  of b i v a l v e  m o l l u s k  

- s h e l l s  d u r i n g  a n d  a f t e r  t h e i r  i n i t i a l  d e p o s i t i o n  i n  
* 

d r c h a e a l o g i c a l  s i t e s .  A t ' t e n t i o n  is f o c u s s e d  on t h e  

d y n a m i c s  a n d  a r c h a e o l o g i c a l  s i g n i f i c a n c e  o f  t h e  

o r  i e n f a t i o n ,  f r a g m e n t a t i o n ,  d i s a r t i c u l a t i o n ,  v e r t i c a l  

d i s p l a c e m e n t ,  a n d  c h e m i c a l  w e a t h e r i n g  o f  b i v a l v e  s h e l l s .  

T h i s  t h e s i s  c o n t i n u e s  t h e  r e c e n t  e m p h a s i s  on  t a p h o n o m i c  

s t u d i e s  i n  a r c h a e o l o g y .  A s  a s - u b - f i e l d  of  p a l a e o n t o l o g y ,  

taphonorny w a s  o r i g i n a l l y  d e f i n e d  a s  " t h e  s c i e n c e  of  t h e  



laws of embedding" (~fremhv l94O), and was initially 

- concerned solely with the post-mortem history of animal 

remains. Broad usage of the term taphonomy in archaeolcrgy, 

however, includes all considerations bearing upon the -life 
* 1 

history and sedimentology of non-organic as well as organic ' 

remains and it is sometimes equated with the more general 

concept of site formation processes (Schiffer 1982:960). 

Although a review 05 gastropod taphonomy has recently 

appeared in the archaeological likepture (Bobrowsky -&984), d 

-Y 

and it is not unusual to hear bf artifact taphonsmy 
L9 

(Shackley 1978) or the taphonomy of'human sites (Gifford 
-% 

l98O), the overwhelming majority of taphonomic studies in 
/ 

, archaeology have been concerned wick? vertebrate remains. - -z 

-e 
This thesis represents the first systematic'examination of 

bivalve s,hell taphonomy.in archaeology. . . 

# 

The archaeological implications of bivalve shell 

taphonomy are made explicit throughout the thesis. A 

review of previous studies of bivalve shell taphonomy 

providss the foundation for a basic understanding of how - + 

shells can generally be expected to behave as sedimentary 

particles. Experiments involving the cultural discard of 

shells and human trampling on shell deposits contribute 

additional taphonomic information, and an analysis of 

sediments from two Northwest Coast archaeological sites 

demonstrates how an appreciation of bivalve shell taphonomy 
A 

can aid stratigraphic' interpretations. 



T h e  under1yi~-3 premise of the research is that . 
information on depositional and post-depositional events 

and chnditions affecting5-cultural deposits can be obtained K 

by studying the physical and chemical properties of site 

sediments. This basic tenet has been-widely-expressed in 

the archaeological literature (e.g. Hassan 1978; Shackley 

1975; Stein 1985). 
. I S  

On a more general level, this thesis also is in accord 

\ 
with the recent trend toward "middle-rangev research in 

archaeology. Middle-range research encompasses those 

studies which provide'.information on cause and ef fe'ct, 

primarily through actualistic or experimental, research, , 

which is a crucial link between data collection and 
3 

behavioural in•’ erences (Binf ord 1981; Raab and ,Goodyear 
4 

1984). Binford (1977, 1981), Schiffer (19831, and others 
r 

have expres'sed the vital need for more of this type of 

research in archaeoiogy. Hitherto, however, shell midden 

archaeology has been largely devoid of middle-range 
I *  

. research. 



CHAPTER 2. BIVALVE MOLLUSKS AND ARCHAEOLOGY 

I NTRODUCTI ON 

Thi-s chapter provides the essential background to 

understanding the dynamics and archaeological implications 

of bivalve shell taphonomy. The first section describe& . 

the general biology of bivalve.mollusks. ?Attention i,s 
. . 

fodussed on descfmibing the composition and structure of 
0 

4 

bivalve mollu,sk shells as they are key variables which 

inf,luence their sedimentary behaviour. The significance of 

these variables is incorporated into later discussions of 
r 

bivalve shell taphonomy, presented in Chapter 3. The 

second section of the chapter reviews the human . 
exploitation of bivalve-mollusks, focussing on the reasons 

and antiquity of bivalve mollusk exploitation, as well as 

B' 
.d 

the general techniques of bivalve mollusk proces ing and 

the deposition of the shells as refuse. Finally, the 

chapter provides an overview of shell midden archaeology. 

A new definition of shell midden is proposed, the , 

significance of 'shell middens, especially with regard to 

shell analysisis discussed, and the need for taphonomic 

research, particularly as it may aid interpretations of 
.-I 

shell midden stratigraphy, is outlined. 
4 '  



GENERAL BIOLOGY OF BIVALVE MOLLUSKS 
A 

This study is concerned with the shells of animals 

belonging to the molluscan class Bivalvia, alternati'vely 

known as bivalve mollusks, Pelecypoda, Lamellibranchiata, 

or simply shellfish. Mollusks are generally defined as 

soft, unsegmented invertebrate animals (Yonge 1960:3). 

Their bodies are usually enclosed in calcareous shells, 

although there are exceptions (e.g. slugs, octopuses, 

squid). Distinctive features of bivalve mollusks include +. 

bilateral symmetry, lateral compression, and the 

subdivision of the shell into two calcified valves hinged ', 

dorsally by an uncalcified connecting ligament (Cox 1969; 
. ' 

Morton and Yonge 1964; Seed 1983; Yonge 1960). Common 

types of bivalve mollusks include clams, oysters, scallops, 

cockles, and mussels. 

It is estimated that there are approximately 15,000 

-living species of marine and freshwater bivalbe mollusks 
x 

(Solem 1974). As noted by Seed (1983:12): 

Although they are widespread in a variety 
of aquatic habitats, their methods of 
feeding, locomotion, and reproduction , 

effectively exclude them from the 
terrestrial environment. Most bivalves 
are relatively sedentary. Many use their 
straplike foot for burrowing' into soft 
sediments; others attach to"or bore into 
hard surfaces such as rock or wood, 

.1 
t 

whereas a few, have become free swimmers .' 
A complete bivalv,e mullusk shell consists of.-&wo 

usually convex valves, a connecting ligament, and an outer 



o r g a n i c  l a y e r  c a l l e d  t h e  p e r i o s t r a c u m .  The v a l v e s  are  t h e  

m o s t  p h y s i c a l l y  and c h e m i c a l l y  d u r a b l e  c o m p o n e n t s  o f  t h e  I 

s h e l l .  The l i g a m e n t  a n d  p e r i o s t r a c u m ;  w h i c h  a re  m a i n l y  
s < .- 

p r o t e i n ,  a r e  o f  t e n  m i s s i n g  i n  a r c h a e o l o g i c a l  c o n t e x t s .  

Major  a r c h i t e c t u r a l  f e a t u r e s  a n d  p r i n c i p a l  m e a s u r e m e n t  

a x e s  o f  b i v a l v e  s h e l l ' s  a r e  i l l u s t r a t e d  i n  F i g u r e  1. The 

terms u s e d  i n  t h e  Z i g u r e  a r e  t h o s e  f o u n d  i n  m o s t  s t a n d a r d  
A. 

. p e f e r e n c e s  ( e . g .  A b b o t t  1974 ;  Moore 1969 ;  T a s d b , 1 9 8 0 ) . .  The - .i' ... .%, -*+, 

;A 
a*o&bd'4+ii t h e  o l d e s t  and  u s u a l l y  mos t  d u r a b l e  p a i t  o f  t h e  

v a l v e  a n d  is o c c a s i o n a l l y  r e f e r r e d  t o  as  t h e  b e a k .  The e n d  . i 

o f  the  s h e l l  c l o s e s t  t o  t h e  mouth o r  umbo is  a n t e r i o r  a n d  

t h e  e n d  o f  t h e  s h e l l  c l o s e s t  t o  t h e  a n u s  is p o s t e r i o r .  The 

m a r g i n  a l o n g - w h i c h  t h e  v a l v e s  o p e n  is v e n t r a l .  The d o r s a l  

t m a r g i n  is where  t h e  h i n g e ,  c o n s i s t i n g  oT t h e  l i g a m e n t  a n d  

c a l c i f i e d  h i n g e  t e e t h ,  is l o c a t e d .  ~ h i c k n & s  r e f e r s  t o  t h e  

d i s t a n c e  s e p a r a t i n g  t h e  i n " t e r i o r  a n d  e x t e r i o r  s u r f a c e s  o f  

t h e  v a l v e s ,  a t  a n y  p a r t i c u l a r  l o c a t i o n .  The r e g i o n  o f  t h e  
\ 

v a l v e s  n e a r  t h e  umbo is u s u a l l y  t h e  t h i c k e s t .  

The two v a l v e s  f r o m  t h e  same i n d i v i d u a l  m o l l u s k  d o  n o t  

n e c e s s a r i l y  e x h i b i t  t h e  same s i z e ,  s h a p e ,  o r  w e i g h t .  

D e p e n d i n g  on  s p e c i e s ,  t h e  v a l v e s  o f  m a t u r e  b i v a l v e  m o l l u s k s  

may r a n g e  i n  l e n g t h  f r o m  l e s s  t h a n  1 mm t o  1 . 3 5  m a n d  

w e i g h  u p  t o  o f  2 0 0  k g  ( K a e s t n e r  1 9 6 7 ) .  The v a l v e s  o f  mos t  

b i v a l v e  m o l l u s k s  commonly e x p l o i t e d  by  humans,' h o w e v e r , .  . 
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such as the various spe,oies of mussels, clams, cockles, and 
4 

oysters, generally range from 5 to 20 c.m in maxinu&* 

dimension. 
.. 

Bivalve mollusk shell valves are composed of. an organic 
S 

&trix and cdlcium carbonate. The- organic matrix, which 

rarely exceeds 5% by weight of the total shell (Currey and - 

Taylor 1974), is present between indi\ridual crystallites of 

\ 

calcium carbonate as well as between calcified layers of 

the valve. The form of calcium carbonate is aragonite, 

calcite, or a combination of both. Although both calcite 

and aragonite have the same chemical formula; CaCo3, 
J ; --\ 

' : + *  calcite generally contains small amounts of magnesium while 
-.I 

aragonite -is essentially pure calcium carbonate. The prime 

control on shell.mineralogy is genetic although - the ratio 
4- 

, of ialcite to aragonite may also* be i'function of sea 
- 

temperature and salin9ity (Kennedy et al: 1969; Taylbr et 

The valves have two or more calcified layers. Each' 

layer has a distinct patterning of calcium carbonate which 

is referred to shell microstructure. A minimum of'11 

types of shell crostructure have been identified 

t Kcrbayashi 1969 f . Typically, however, in bivalves -the 

outer shelf layer has a prismatic mikrostructure an$ the 9 

inner shell layer has a nacreous microstructure'(Gardiner 

. ' 1972; Quayle and Bourne 1972; Wainwright e t  al. 1 9 7 6 ) .  



P r i s m a t i c  m i c r o s t r u c t u r e  c o n s i s t s  o f  e l o n g a t e  n e e d l e s  o r  
: ,- 

r o d s  o f  c a l c i u m  c a r b o n a t e ,  p o l y g o n a l  i n . s e c t & o n ,  w h i l e  
.. 

'. ' - . - . nac ' r eous  m i c r o s t r l r c t u r e  i s  a n  a g g r e g a t i o n  $f. very t h i n  
"h, 

t a b l e t - l i k e  c r y s t a l l i t e s  of  calcium c a r b o n a t e  a r r a n g e d  i n t o  

s h e e t s ,  w h i c h  i n  c r o s s  s e c t i o n  l o o k  l i k e  a b r i c k  w a l l .  

HUMAN EXPLOITATION OF: BIVALVE MOLLUSKS - $:h 'A . - 
e 

I n  g e n e r a l ,  a r c h a e o l o g i c a l  $ i d  e t h n o g r a p h i c  l i t e r a t u r e  

i n d i c ; l t e s ' % h a t  t h e  p r i m a r y  o b j e c t i v e  o f  b i v a l v e  m o l l u s k  
t 

-% 

\ 
c o l l e c t i o n  h a s  b e e n  t o  u s e  t h e  f l e s h  a s  a d i e t a r y  r e s o u r c e  

( B a i l e y  1 9 7 5 ,  1 9 7 8 ;  Meehan 1 9 7 7 a ,  1 9 7 7 b ,  1 9 8 2 ;  Meighan 
> 

If . > 

3,1969; Thomas 1 9 8 1 ;  . V o i g h t  197-5 ) . C l e a r l y ,  however ,  
- 4a-, 

-- < - % .  . , 
, m o l l u s k s  may h a v e  b e e n  e x p l o i t @  as, a ' d i e t a r y  r e s o u r c e  

, 

f o r  numerous  o t h e r  p u r p o s e s . .  The f l e s h ,  f o r  

e x a m p l e ,  may a l s o  have .been  u s e d  f o r  b a i t s ,  d y e s ,  o r  

" m e d i c i n e s ,  and  t h e  s h e l l s  f o r  t o o l s ,  j e w e l r y ,  ' o r  c u r r e n c y  

f b  ( B i g g s  1 9 6 9 ;  B o y l e  1 9 8 1 ) .  A d d i t i o n a i l y ,  t h e  s h e l l s  may 

h a v e  b e e n  u s e d  t o  e n r i c h  s o i l s  o r  a s  c o n s t r u c t i o n  

a g ~ r e g a t e s ,  s u c h  a s  f o r  p o t t e r y  t e m p e r ,  d e l i b e r a t e  mound 

fozmation ( B r i n t o n  1 8 7 2 ;  P e t e r s o n  1 9 7 3 1 ,  a n d / o r  t o  p r o v i d e  

a s u i t a b l e  5 r y  l i v i n g  f l o o r  ( B a i l e y  1 9 7 7 ;  P e t e r s o n  1 9 7 3 ;  
.) 

S u t t l e s  1 9 5 1 ) .  The  s e x u a l  s y m b a l i s m  o f  c e r t a i n  m o l l u s k s  

among n a t i v e  g r o u p s  h a s  r e c e i v e d  some a t t e n t i o n  (Harr is  

, ,1979:209;  Meehan 1 9 8 2 : 8 ) ,  a l t h o u g h  i t  is u n c e r t a i n  d h e t h e r  
/ 

t h e y  w e r e  e v e r  c o l l e c t e d  s o l e l y  w i t h  t h i s  i n  mind .  I t  is 



also worth considering that some bivalve mollusks may have 

been sought for pearls (Fowke 1902, Jones 1973). 

The following general description of bivalve mollusk 

collection, processing, and deposition is based on the 

exploitation of bivalve mollusks as dietary resources. The 
i 'n - 

primary reasons for this are that there is little doubt 

r that the dietary value of mollusks was generally the 
" -r 

principal reason for collection and dekails of mollusk 

exploitation techniques for reasons other than diet are 

extremely rare in the ethnographic and archaeological 

Bivalve mollusks have been exploited by people for a 
I '  

considerable length of time. Shell remains indicate, for 

example, that bivalve mollusks were included in human diets 

400,000 years a40 in Europe (deLumley 19751, at least 

6b,000 years ago in.South Africa (Klein 1977; Voight 1973;( 

years ago Australia 

(Bowdler 1977). Along with other aquatic resources, - 

however, the- intensive and systematic exploitation of 

bivalve mollusks has traditionally been thought to have 

been a late-Pleistocene or Holoc.ene development (Binford 

1968; Evans 1978; Isaac .l97l). 

Based on su& factors a s  nutritional value and ease of 

exploitation, opinions on the desirability of bivalve 
i 

mo11ubks as a dietary resource range from extremely low 
1, 



( O s b o r n  1 9 7 7 )  t o  v e r y  h i g h  ( Y e s n e r  - 1 9 8 0 ) .  As n o t e d  by 

B o y l e  ( 1 9 8 1 : 2 7 )  "The f l e s h  o f  m o s t  b i v a l v e s  is  p a l a t a b l e  

a n d  r i c h  i n  p r o t e i n ,  l i p i d ,  a n d  c a r b o h y d r a t e s . "  I t  is 

u n l i k e l y ,  h o w e v e r ,  t h a t  b i v a l v e  m o l l u s k s  h a v e  ever been ' t h e  

m a j o r  d i e t a r y  r e s o u r c e  o f  p e o p l e .  The u n l i k e l y  p o s s i b i l i t y  

o f  m o l l u s k s  c o n s t i t u t i n g  ' t h e  m a j o r  d i e t a r y  r e s o u r c e  h a s  

b e e n  i l l u s t r a t e d  b y  Ba i l ey  ( 1 9 7 8 ) ,  who c a l c u l a t e d  t h a t  f o r  

one p e r s o n  t o  be s a s p l i e d  w i t h  e n o u g h  k i l o c a l o r i e s  for one 
't - 

d a y ,  w i t h  n-o o , t h e r  f o o d  e a t e n - ,  h e  o r  s h e  w o u l d  . h a v e  t o  

c o n s u m e  1 , 4 0 0  c o c k % e s  ( CarB-ium e d u l e )  , 7 0 0  o y s t e r s  (Os t rea  

e d u l i s ) ,  o r  400  l i m p e t s  ( P a t e l l a  v u l q a t a ) .  I t  is f u r t h e r  
i 

r e p ~ r t e d  t h a t  t h e  c a l o r i f i c  e q u i v a l e n t  t o  one  r e d  d e e r  
----- 

carcass r e q u i r e s  1 5 6 , 8 0 0  c o c k l e s ,  52,2.67 o y s t e r s ,  o r  3 1 , 3 6 0  

l i m p e t s  ( B a i l e y  1 9 7 8 ) .  

N o t h w i t h s t a n d i n g  t h e  t e l a t i v e l y  l o w  n u t r i t , i o n a l  v a l u e  
- - 

o f  b i v a l v e  m o l l u s k s  c o m p a r e d  t o  many o t h e r  d i e t a r y  
1 

r e s o u r c e s  ( B a i l e y  1 9 7 8 ;  O s b o r n  1 9 7 7 ;  P a r m a l e e  a n d  K l i p p e l  

l 9 7 4 ) ,  t h e y  may h a v e  b e e n  p a r t i c u l a r l y  ' i m p o r t a n t  a s  a ,, 

\ '. 
d i e - t a r y  s u p p l e m e n t  o r  b u f f e r  i n  t i m e s  o f  s t r e s s .  The  b a l u e  

-d . , - 
o f .  m o l l u s k s  a s  a d i e t a r y  r e s o u r c e  is p r ' o b a b l y  b e s t  

e x p r e s s e d  b y  Meehan ( 1 9 8 2  : 1 1 0  ) , c o m m e n t i n g '  o n  t h e  d i e t  Q • ’  
, r 

c o n t e m p o r a r y  h u n t e r - g a t h e r e r s  i n  A u s t r a l i a :  

s h e l l f i s h  p l a y  many r o l e s  i n  t h e  d i e t .  
They a r e  a s t a p l e  f o o d ,  a s u b s i d i a r y  
f o o d ,  a s n a c k ,  a n d  a n  a l t e r n a t i v e  f o o d  
s o u r c e  when o t h e r  s u b s i s t e n c e  s t r a t e g i e s  
f a i l .  

1 2  



2' 
C. 

Although men and children are known to have - .  * 

occasionally helped, the collection and preparation of 
4 

bivalve mollusks as a dietary resource is generally 

considered the world over to be a woman's task*, oc'curring 

as both an individual and group activity (Bowdler -1976; Ham - 
1982; Meehan 1982; Will 1976). In general, the technology 

- 

required for bivalve'mollusk exploitation was relatively . 

unsophisticated. Species which burrow in substrates could 

be extracted with digging sticks, while those that cling to 

rocks could be scraped off, and the mollusks would 

generally be gathered into some kind of cgntainer. As 

noted by Wing and Brown (1979:94), this could be a 
- 5~ 

Itmodif ied gourd, ba ket'; box, or bag made of woven, patted, , , P 
or nettedpfabric, or animal skin.''. 

, 
Ethnographic literature indicates that although bivalve 

~ ,/--I. I 

"mollu'sks ,were occasionally opened and eaten raw (~uttles 

1951:65), processing of bivalve mollusks-generally involved 

the application of heat in the form of steami g; boiling, 
I 

s, 
I 

or roasting (Bailey 1977; Elmendorf 1960; Meehan 1982; 

Suttles 1951). As well as making the flesh more palatable, 
I. 

heat causes the valves to open, allowing easy extraction of 

the flesh frornhthe shell. 

The cqltural deposition of shells as refuse is very 
, -, 

poorly described-in ethnographic literature. It has been 
%. . 

A % observes', however, that in temporary camps, shells are - 



w 

likely to be carelessly distributed over the ground 

surface, while in more permanent csmps, shells are left in 
-- 

discrete piles or deposited in specific areas (Meeha'p 1982; 

Sch,umacher 1875). *These observations are in ggreement with 
C 

the general notion that the more intense ,the occupation of 

a site, the more li~kely ,that refuse will be gathered up and 
r.& C ,. - 

re-deposited ( ~ c h i f ~ r  1972, 1976). Where shells have been 

re-deposieeddnto specific areas, 'it is likely that they 

were gathered in a basket or oth& container and then 

dumpelf together. However, there are no specifi* + 

.- 
observations t d  support ~ U S '  expectation. 

* 

1 

C 

STUDIES OF SHELL MIDDENS/ % 

In order to fully appreciate the archaeological 
9 

implications of bivalve shell taphonomy, it is necessary to 
/I 

review2the significance of shell middens in archaeology;*, ' 

particularly with regard to shell analysis, and - i  . 
'-% 

TL' 

methodological prob ems in shell midden research. This f .Ti ? 

section begins with a proposal for a new definition of 
tf 't 

shell midden. 

Definition of Shell Midden 

The presence of bivalve mollusk shells in an 

\ archaeal6yical deposit may l e a d  to the designation of thatE- 

deposit as a Ifshell middenff. Unfortunately, there i s  no - 

universally accepted definition of shell midden and few 

researchers make thecr criteria for classifying a deposit 



JW as a shell midden e plicit. Confusion over' the use of the 

t e r m  s'hell mi&den has led Meighan 61S69:415) to n o t e :  

So far as the physical a t u r e  of the 
site is concerned, "she 'E 1 middenn has 
been applied to a n y  archaealogical 4 - =a ; 

deposit containing a visible qyantity @ 

of molluscs. Hence the name has been 
.used for archaeological deposiZts 
containing 1% or less of molluscan . i* . . 
r p a i n s  ( b y  weight) as well as deposits *f + 
composed a l m o s t  entirely of shell." 

Primary.-areasc of concern regarding the use of term 
.,- - 

-- 
shell midden include: A- 

r i )  whether the t e r m  should be--used to describe entire 
X 

- * 3. 
* t._ 

, - -  - s i t e g  or specific deposits within sites, 
B t ii, t 

whether there should be a minimum quantity of 
.-  .. 

shell in t h e  d e p o s i t ,  

i i i i )  whether shells introduced by natural agencies 
-. 
,, 

should be considered;>' 
~, 

( i I,- 1 wKether shells of non-molluscan animals such as 

, arthropods and echinoderms should be considered, 

i v )  whether the t e r m  should be reseived for describing 
,' d 

L 

ak, 
only & situ deposits, 

( v i )  whether the term should have a functional 
2. 

s g n n o t a t i o n ,  such as being representative of only 

re-deposited, or secondary refuse, and 

l v i i ;  wh-in to use the term shell midden as opposed. to 

one of its-yariants such as shell heap, shell = ? 

mound, kitchen midden, kitchen mound, or simply 

m i d d e n .  



-\ 
.,+ 

, 'x- 

a 
1 

, Recent attemp ---\ s to define shell midden have Eocusded. on 

, . some of these concerns but, in my opinion, are still 

inadequate. Bowdler (19831, for example, suggests that in 

order to be classified as a she-11 midden, at least 50% of 

the deposit, by weight, should be composed of shell. Due 

to the relatively high volume of shell in relation to shell 

weight, however, this definition .- would likely exclude the 
0 

vast majority of archaeological deposits currently 

classified as shell middens. It has been noted elsewhere 

that where shell deposits contain more than 30% of shell by 
C 

I 

weight, the rest of the material will be very inconspicuous 

(MeigHan 1969; Shackley 1981). 

Another recent definition, which is excessively long 

without specifying a minimum amount of shell, escribes % .  
shell middens as: 

accumulations of humanly transported 
mollusc shells of selected food species, 
in situ, or substantially so, and 
typically associated with other 
archaeological materials including stone 
artifacts, beach pebbles and various 
selected stones, charcoal, and vertebrate 
faunal rejgal~s 

- -  (Dortch et al. l984:83). - 
1 .  

In order to simplify and provide more meaning to the 

term, I pzopose that shell midden be defined as any 

cultural deposit in which particles of animal shell are the 

dominant class of refuse. Other classes of refuse should 

be sufficiently broad, such as rock or'bone, to be directly 



comparable to the class of animal shell. I further suggest 

that for ease of cqlculating the proportions of various 

refuse classes, only those particles larger than lmm 

(i.e. retained by 1 mm mesh during sieving) be considered, 

and. the roportions be calculated by weight. A deposit 
+$ 

which contains shell, but does not meet the specified 

criteria of a shell midden may be described as a 

shell-bearing ar haeological deposit. ! 
The ~iqnificance)of Shell Middens 

/ 
/ 
! 

Shell middens are a significant class of archaeological 

deposit for several reasons. 'They have promoted 

theoretical intere.st in why mollusks would be intensively 

exploited as a dietary resource (Bailey '1975; Osborn 1977; 

Yesner 1980); contain a "storehouse of informationu on 

maritime adaptation (Sanger 1981); and, due to the release 

of carbonates from the shell, generally provide-excellent 

preservQn o'f bone and other organic remains. 

4 Additional y, becaise the shells represent a gathering 
1 

activity, shell middens offer unique opportunities bo study 

the presumed role of women in prehistoric economies 

(Bowdler 19761, and due to the often thick depositional 

increments, they provide a physical separation of cultural 

components not usually found in archaeological,.s!ites 

(Sanger 1981). Further, as outlined in the following 

section, the shells themselves provide important 

information about past cultures and palaeoenvironments. 



Shell Analysis 

Bivalve mollusk shells are an,,impa.rtant data source in 

archaeology. They provide valuable 'information on 

palaeoenvironments and past human activities, including 

data on the physical environment and antiquity of sites as 

well as the population, technology, seasonality, and social 

organization of past popylations. This information is 

gleaned largely from identifying the various species of 

shell in a deposit, examining the relative abundance of 

' shell, and determining when the mollusk died. 

/ The identification of shell species is one of the most 

common types of shell analysis undertaken in shell midden 

studies. Two major reasons -or undertaking shell 

identificatibn are i to provide an indication of 
I '  

, variability in the' human diet, and (ii) to support 

inferences of palaeoenvironmehts. Because bivalde mollusks 

A T-r 
express' varying tolerances to environmental .factors such as 

water temperature, salinity, wave or current activi.ty, and 

+texture of the substrate, the presence of certain species 
-7.- 

- may be used as indicators of past environmental conditions 

* n e a r  the site, including the type of beach or shoreline 4: 

(doutts 1970a; Evans 1978; Matteson 1960; Shackleton 1969; 

Voight 1975). Shell identification-may also be used in 

support of inferences of trade, if shells are deemed to 



* 
h a v e  b e e n  t r a n s p o r t e d  f r o m  o u t s i d e  o f  a g r o u p ' s  n o r m a l  

c a t c h m e n t  a rea .  ,. 

C a l c u . E a t i n g  t h e  a b u n d a n c e  o f  s h e l l  i n  a r c h a e o l o g i c a l  

s i t e s  is a k d t h e r  common t y p e  o f  s h e l l  a n a l y s i s .  As n o t e d  

by $ h o s e  (1967 1, c a l c u l a t i n g  t h e  abundance o f  sh11i  i n  

o r d e r  t o  m a k e  e s t i m a t i o n s  o f  human d i e t ,  t h e  p o p u l a t i o n  o f '  

t h e  p e o p l e  i n h a b i t i n g  t h e  s i t e ,  a n d ' t h e  a n t i q u i t y  o f  t h e  
4 

d e p o s i t s  h a s  bken  a m a j o r  r e s e a r c h  theme  i n  s h e l l  midden  

a r c h a e o l o g y  t h r o u g h o u t  t h e  f i r s t  h a l f  o f  t h i s  c e n t u r y .  A 

f u h d a m e n t a l  p r o b l e m  w i t h  many of t h e s e  e a r l y  s t u d i e s  was 

t h a t  i n  o r d e r  t o  m a k e  i n f e r e n c e s  o f  t h e  a n t i q u i k t , y  a n d  human 

p o p u l a t i o n  o f  s i t e s ,  i t  w a s  g e n e r a l l y  a s s u m e d  t h a t  m o l l u s k s  

w e r e  t h e  p r i m a r y  f o b d  r e s o u r c e ,  a n  o p i n i o n  w h i c h  is n o t  

c u r r e n t l y  a c c e p t e d .  F u r t h e r  p r o b l e m s  i n c l u d e d  t h e  f a i l u r e  
\ 

t o  c o n s i d e r  t h a t  s i t e s  may h a v e  b e e n  o c c u p i e d  o n l y  

i n t e r m i t t i n g l y  a n d  t h e  f a i l u r e  t o  c o n s i d e r  t h e  

p o s t - d e p o s i  t i o n a l  r e m o v a l  o f  s h e l l  b y  p h y s i c a l  a n d  c h e m i c a l  

a g e n t s .  

R a d i o c a r b o n  d a t i n g  h a s  s i g n i f i c a n t l y  r e d u c e d  t h e  u s e  o f  

- s h e l l  a b u n d a n c e s  t o  c a l c u l a t e  t h e  a n t i q u i t y  o f  s h e l l  
I 

, m i d d e n s .  I t  is a l s o  w o r t h  n o t i n g  t h a t ,  w i t h  c o n s i d e r a b l e  

caution, radiocarbon d a t e s  can be t a k e n  o n  t h e  s h e l l s  

t h e m s e l v e s  ( G i l l e s p i e  a n d  Temple 1 9 7 7 ) .  

R e c e n t  a w a r e n e s s  o f  t h e  p o s s i b i l i t y  o f  o n l y  

i n t e r m i t t e n t  o r  s e a s o n a l  o c c u p a t i o n s  o f  s i t e s  a n d  o f  



t h e  r e l a t i v e l y  m i n o r  r o l e  o f  b i v a l v e  m o l l u s k s  i n  

p r e h i s t o r i c  human d i e t s  h a v e  i n c r e a s e d  t h e  r e l i a b i l i t y  o f  
C 

u s i n g  s h e l l  a b u n d a n c e s  t o  q a k e  human p o p u l a t i o n  e s t imates .  

A c c o r d i n g l y ,  c a l c u l a t i o n s  o f  how many p e o p l e  would be 

r e q u i r e d  t o  c rea te  o b s e r v e d  d e n s i t i e s  o f  k h e . 1 1 ~  a re  n o t  

uncommon i n  r e c e n t  s t u d i e s  o f  s h e l l  m i d d e n s  ( C o u t t s  1970a ;  
L 

Meehan 1 9 8 2 ;  V o i g h t  1 9 7 5 ) .  

A n o t h e r  t y p e  o f  s h e l l  a n a l y s i s  is  c o n c e r n e d  w i t h  

4 c h a n g e s  i n  t h e  t o t a l  a m o u n t  o f  s h e l l  o r  v a r i o u s  p r o p o r t i o n s  
i 

o f  i n d i v i d u a l  s h e l l  s p e c i e s  t o  e a c h  o t h e r  t h r o u g h  t i m e .  

S u c h  c h a n g e s  a re  commonly u s e d  i n  s u p p o r t  o f ' b e h a v i o u r a l  

a n d  e n v i r o n m e n t a l  i n f e r e n c e s .  O b v i o u s  e x p l a n a t i o n s  f o r  

c h a n g e s  i n  t h e  r e l a t i v e  a b u n d a n c e  o f  s h e l l  t h r o u g h  t i m e  

8 i n c l u d e  ( i )  cWanges i n  t h e  l e n g t h  o f  s i t e  o c c u p a t i o n ;  

( i i )  c h a n g e s  i n  t h e  number o f  p e o p l e  o c c d p y i n g  t h e  s i t e ;  

- t i i i )  f l u c t u a t i n g  p e r i o d s  o f  r e s o u r c e  s t r e s s ,  a l t e r i n g ' t h e  

n e e d  t o  c o l l e c t  m o l l u s k s ;  ( i v )  c h a n g i n g  a v a i l a b i l i t y  o f  - 
s p e c i e s  d u e  t o  e n v i r o n m e n t a l  c h a n g e  ( C o u t t s  1 9 7 0 a l ;  ( v )  

human o v e r e x p l o i t a t i o n  o f  c e r t a i n  s p e c i e s  ( B o t k i n  1 9 8 0 ;  

Meighan  1 9 6 9 ) ;  ( v i )  c h a n g e s  i n  f o o d  p r e f e r e n c e  " ( V o i g h t  

1 9 7 5 ) ;  ( v i i )  a d v a n c e m e n t  i n  m o l l u s k  c o l l e c t i o n  a n d  

p r o c e s s i n g  t e c h n o l o g y  ( e . g .  d r e d g e s ,  l a r g e r  c a r r y i n g  ' 

c o n t a ' i n e r s ,  c o o k i n g  m e t h o d s ,  s t o r a g e ) ;  a n d ,  ( v i i i )  c h a n g e s  

in*Husk e x p l o i t a t i v e  s t r a t e g i e s  b r o u g h t  a b o u t  by a 

d e v e l o p m e n t  i n  n o n - m o l l u s k  r e l a t e d  c u l t u r a l  a c t i v i t i e s ,  



such as the development of fish-hook technology in , 

~yst;alia (Bowdler 1976).+ One further important 

explanation for changes in the relative abundance of shell 

through time which has been virtually ignored in 

archaeological studies is the possibility of differential 

preservation of shells. . 
The horizontal distribution of shell also has generally 

received scant attention in archaeological literature. It 

may, however, be used in support of inferences of social 

organization and status. Wessen (19821, for example, used 

the horizontal distribution of various species of mollusk 

shells, representative of food residues, decorative items, , 
and manufacturing materials, to infer the relative social 

& 4 

standing of individual families and households in a 

* Northwest coast archaeological site. I 

One of the. most valued aspects of bivalve mollusk 

shells in archaeological analysis is their use to infer 
, 

site seasonality. One technique to determine seasonality 

is based on observations of growth rings on shells, By 

carefully observing daily and/or seasonal shell growth 

rings, it is proposed that the season in which the mollusk 

died can be determined (Coutts 1970b; Deith 1983; Ham and 

Irvine 1975; Keen 19791, thus leading to inferences of when 

they were,collected and processed. Indications of when the 

mollusk died.can also be obtained through oxygen isotope 



-. 

analysis, in which ratios of 160 to 180 in the shell 

provide information on seasonal temperature changes 

(Killingley 1981, 1983; Shackleton 1973). Unfortunately, 

there are problems with these approaches, inclqding * 

non-seasonal causes for variation in shell~growth, 
A+ 

non-standardized measurement criteria, and observer error 

in growth ring analysis (Nicholson 1980). ~roblems with 

oxygen isotope analysis include its high cost, as well as 

questionable assumptions involving inter and intra-species 

variability, effects of deglaciation, and other factors 

(Bailey et al. 1983). 

There are many other types of shell analysis which are 

occasio~ally undertaken. Changes in the size of shells 

through time, for example, have been explored as a function 
Y 

- 4  
of human overexploitation as well as environmental~factors 

(Botkin 1980; Dexter 1977; swadling 1976). Another type of 

shell analysis involves determining the ratio of calcite to 

- aragonite in the shell. As noted by Coutts (1970a:40); 

it is possible to obtain information 
about the older oceanic environments by 
comparing the calcite/aragonite ratios of 
extant and archaeological shells. 

Shell analysis may also include calculating the total 

weight or biomass of the.edible portion of bivalve 

mollusks, as represented by the shell, in order to estimate 

the relative importance of the mollusk species to the human 

diet (Ham 1976). 



b 
Notwithstanding-the information .= which can, be gleaned 

from shells in archaeological sites, there are some 

concerns regarding the reliability and further potential c,f  th 
4J 

'shell analysis. For instance, there have been'few explicit 

considerations of how depositional and post-depositional 
\ 

processes may have biased the type, abundance, and 

distribution of shells in sites. Accordingly, behavioural 

inferences supported by these sedimentary pr~perties~cannot 

always be accepted with complete confidence. It is also 

clear that the full information potential of shells has'not 

been realized in the vast majority of shell midden . 

studies. There have been relatively few attempts, for 

example, to use the sedimentary properties of shells, other 

. than the type or retlative abundance of shells, as an aid to 

the identification of site formation processes. In 

particular, . . examinations of the orientation, fragmentation, 
i .  

disarticulation, vertical displacement, and chemical r 

weathe=ing of shells in archaeological sites have generally 

. been either com,pletely abscnt or of a highly cursory 
C 2 

nature. ( 

1 

Methodoloqical Prob1h-s in Shell Midden Archaeolosv 

As with most class archaeological deposits, there 

are several problems involved in excavation 

and analysis of shell middens. Specificly, these include 
* A 

distinguishing natural from cultural deposits of shell 



&Bailey 1977; Coutts 1966; Gill 1951;'Hughes and Sullivan 

>1974); the high cost of shell analysis ( i . e .  &orting and 

weighing) relative to the value of informati n obtained 
! 

d 
/I 

(Koloseike 1970 ) ; and d e v e l ~ q ~ s a m p l i n g  and 

excavation strategies to deal with the frequently huge 
L 

volumes of the deposit (Bowdler 1983). Perhaps the most 

fundamental problem in shell midden archaeology is 

associated with identifying shell midden formation 
I . - . '. 
processes. 

P 
.i * 

'3 The significance of identifying shell m i d d e ~  formation 
* 

processes cannotebe overemphasized. If archaeol&ists wish 

to use individual and aggregate properties of shells in 

support of behavioural or palaeoenvironmental inferences, 

then it is essential $hat the factors which may bias shell 
0, . I 

deposits be understood. Particular concerns may includk 

assessing the contemporanelty bf shells within the ,deposit 
\ 

or identifyixg specific site activity areas (e .go living 

floors vs. dumping areas). The fundamental problem in this 

regard is the lack of criteria A -  which archaeologists can use 

to reliably assess initial patterns of deposition and 
\ 

post-deposit ional disturbance. This problem stems from the 
i 

facts that (i)  the initial deposition of shells is very 

I poorly described in ethnographic literature, and ( i i )  shell 

midden archaeology has been largely devoid of middle-range 



research which can link observed phenomena to specific site 

formation processes. 

It is proposed in this thesis that the sedimentary 

properties of bivalve shells in archaeological deposits can 

be used to identify initial patterns of deposition.,and , 

post-depositional disturbance, thus increasing reliability 
. - .  

- of inferences based on the analysis of the shells or any 

, other;clasts -. associated with shell deposits. In 
r,  B 

particuihr,, it is thought that conclusions can be drawn 
iu 

% 

regarding the depositional and post-depositional history of 

shell middens, based on the orientation, fragmentation;- 

disart ic&at ion, vertical displacement, and) chemical 
- .  

i 

weathering of their shells. -=Th& concept is explored in 
. *. 

the following chapters. 



: CHAPTER' 3. 'INITIAL CONS IDERATI ONS OF BIVALVE SHELL 
TAPHONOMY 

As outlined in the previous chapter, bivalve mollusk 

Y shells are a traditional subject of theo+ret&cal and 

methodological interest in archaeology. However, very 

little attention has yet been paid to the sedimenbary 

properties of bivalve shells, dther than species 

identification and relative abundance, and what variations 
. m 

in these properties may mean. 

The purpose of this chapter is to provide a basic 

understanding of howthe sedimentary properties of bivalve 

shells, other than the type and quantity of shell, may aid - & :" , 
i 

stratigraphic i.nterpretations and increase reliability of - 1 

I 
inferences supborted by shell analysis. This is 

- \ 
accomplished thrhgh-a taphonomic framework . T h e  

orientation, fragmentation, disarticulation, vertical 
15 

displacement, and chemical weathering of' bivalve shells are J 
4 

considered. Attention is focussed on these aspects of 

sedimentary behaviour because: (i) they form the basis of 

'much of the research data on bivalve shell taphonomy - =? I 

b 7 
available from galaeontology, edlmentology, and related - Y, 4 A 

disciplines, (ii) they are the same types of sedimentary 

behaviour whiich have received much attention in * 



archaeological studies of vertebrate taphonomy; and (iii) 
1 L 

they are generally ame.nabla. to experimentat Son. 

This chapter is largel% theoretical in nathre. Key 
> 

shell variables and agents which'are likely to control the 
ii- 

sedimentary behaviour of she,lls and their potential" - .? 

archaeological implications are discussed. The need for 

further research on the sedimentary behaviour of shells, 

particularly the effects of the initial deposition of 
7- 4 

shells as refuse, and h u m n  trampling on shell deposits is 
, 4 

also expressed. 

OR I ENTATI ON 

In this thesis, the term orientation refers to whether 

single valves on a bedding plane are positioned 

concave-side up, concave-s ide down, or haphazardly, and 

whether articulated valves are positioned hingeqown, 

hinge-up, or sidewayd (Figure 2). 
4 

+ 
i 

The orientations of shells are rarely recorded in 

archaeslogical fieldwork. Based on studies in 

paLaeontoIogy and sedimentology, however, it seems likely 
M 

that recording the orientatiop of shells will allow 

researchers to draw conclusions regarding the conditions of 
a 

shell deposition and post-depositional disturbance. 
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apparent random or haphazard orientation is more likxely to 
I C 

be the result of bioturbation or mass wastage, rather than 
/ 

a primary depositibnal phenomenon. Aeolian and fluvial 
! 

processes are other natural processes which may cau&e 

re-orientation of &hell particles. Notwithstanding the 
J &i 

lack of previous aftention to the &fects of cultural 

activity on shell orientation, it is likely that humen 
\ 

tra,mpling, scavenging for usable sheIls, and digging in 

shell deposits may also cause post-depositional 

re-orientation of shell particles in archaeological sites. 

Re-orientation of shell par'ticles may be restricted by 
- ~ 

an infilling of sediment around the shell, or ,by the 
.11 

loading of the valve while in-the concave-side up position, 

with sedimentary particles (Allen 1984a, 1984b). 
1 

Accordingly, researchers may generally expect that shells 

which have been rapidly buried by accumulating overburden ,, 

will be mGre Nkely to remain in their original position . -- . F 
than shells naf subject to rapid overburden accumulation. 

The archaeological 'implications of shell orientation 

are not well-established. It- seems likely, however, that ' 

upon initial cultuzal deposition, single valves will tend . 
to land concave-side up and a relatively rapid accumulation 

of overburden, such as continued dumping of refuse, will ' 

preserve that oii'entation. ' Accordingly, a shell deposit 

with valves oriented predominantly concave-side up may be 



indicativd df a specific area for shell, discard which has 

been subject to relatively little post-depositional 

disturbance. Conversely, valves oriented predominantly 
\ 

- 
concave-side down or haphazardly may be indicative of 

considerable post-depos i t ional disturbance. . Clearly, 

however, much more research remains to be undertaken before 

these expectations can be accepted with confidence. 

Virtyally'nothing is known of how articulated pairs of 
I 4 

shells can be expected to land during-cultural discard, or 

the effects of such fundamental variables as the species of 

shell, or the - force of discard. 

Shel1,fragmentation refers to the physical separation 

of two.or more parts of a shell valve. The primary 
2 

consideration of shell fragmentation in t,his thesis ie the, 

size of the shell fragments. -. --  
I . 

There are s=veral reasons why it is important to 

understand factors influencing'the size of shell particles 
I 
in archaeological sites. ~ithoit an understanding of 

differential rates of fragmentation according to species, 

archaeologists may inconrectly interpret differences in 

particle sizes exhibited;by the various species of shell in 
?. 

cultural deposits. ,It is also important to understand that 
L > 

differential rates of shell fragmentation will bias the 



types of shell recovered during archaeological excavation, J' 

providing false indications :of the relative abundance of 

various species in a deposit. Further, shell fragmentation 

may reduce the volume and porosity of deposits, affect the 
3 - 

post-depositional movement of shel.1 particles, and 

accelerate shell decomposition (Muller 1979; Schafer 

1972). In order to confidently interpret these sedimentary 

properties in shell middens,, therefore, researchers must 
\ 

:understand the factors controlling shell fragmentation. 
t 

One of the primary agents of shell fragmentation in ' 
A 

cultural deposits is undoubtedly human trampling (Maggs and 

Speed 1967; Voight 1975). Accordingly, delineation of 

specific areas of activity in shell middens (e.g. shell 

dumps vs. living floors) is occasionally based on the sizes 

of shell particles in the deposit (e.g. Conover 1978; 

Gifford 1916; Gose 1976). In general, it is assumed that 
Y 

areas of complete valves or large fragments o•’ shell have ' 

been subject to relatively little human trampling, while 
< 'p 

small'shell fragments are indicative dg intense human 

trampling on shell de'posits. It is important to recognize, 

however, that shell •’ragmenetion by trampling is. not 

well-understood, and bes,ides the commonsensical knowledge * 

I 

that increased trampling is likely to result in smaller 

particle sizes, no principles or generalizations regarding . 



Z 

shell ftagmentation by human trampling have' yet- been- 
i ' 

establ'i~h~d. 

  not her potential cause of shell fragmentation in 

'archaeologicaL sites is the process dfl cultuxal 

heppsit.ion. ~articularl~ where shells have been gathered 

*" into containers and re-deposited as secondary refuse, the 
* 

- stress upon the shell when it lands may be sufficient to 

result in breakage. Similarly,,subsequent dumping of 

ref use may result in breakage of preiiously deposited - 

shells. Unfortunately, the effects of shell fragmentation 

resulting from deposition have received virtually no . 

previous 'considera-fion in archaeological literature and. 

researchers have little' idea of how much particle size 

reduction occurs from this process. 

/, ,- 

Another factor deserving cois"s3deration in understanding 

the fragmentation of shells found in archaeological sites 

is the pressure* exerted by overburden. Unfortunately, 

therehas been extremely little research on the weight of 

overburden as an agent of shell fragmentation. One of the 

primary reasons for this lack of research is the fact that 

the effects of overburden weight, combined with weakening 

of the oldesta.and lohest shells in the deposit by chemical 
j 

weathering, which may take thousands of years to 

accumulate, cannot be reliably and effectively duplicated 

by experiments. Based on a series of crude experiments on 

3 3  



t h e  r e s i s t a n c e  t o  c r u s h i n g  o f  s h e l l s  however;  i t  h a s  been  

d e t e r m i n e d  t h a t  m o l l u s k  s h e l l s  s h o u l d  g e n e r a l l y  be a b l e  t o  
, 

s u p p o r t  a n  o v e r b u r d e n  o f  mud o r  s a n d  a p p r o x i m a t e l y  one  

m e t e r  t h i c k  b e f o r e  b r e a k a g e  o c c u r s  ( A l l e n  1 9 7 4 ) .  
' 

Becau? 
s h e l l  m i d d e n s  u s u a l l y  c o n t a i n  r e l a t i v e l y  l a rge  

a m o u n t s  o f  s h e l l ,  humus, a n d  o t h e r  o r g a n i c  matter ,  i t  can 
'> ' 

g e n e r a l l y  be  e x p e c t e d  t h a t  t h e  w e i g h t  o f  o n e  m e t e r  o f  s h e l l  
1 

midden o v e r b u r d e n  would r a r e l y  a p p r o a c h  t h e  w e i g h t  of  one  

m e t e r  of  mud o r  s a n d .  One c u b i c  m e t e r  o f  s h e l l  midden,  

composed p r e d o m i n a n t l y  o f  s h e l l ,  c a n  w e i g h  c l o s e  t o  

i,000 k g  o r  more ( B a i l e y  1 9 7 5 ;  Meehan 1982). A c c o r d i n g l y ,  

t h e  c r i t i c a l  o v e r b u r d e n  t h i c k n e s s  of  one  m e t e r  r e q u i r e d  t o  

c r u s h  s h e l l s  s h o u l d  be u s e d  o n l y  a s  a v e r y  r o u g h  e s t i m a t e  

of  t h e  minimum t h i c k n e s s  r e q u i r e d  t o  c a u s e  s h e l l  

f r a g m e n t a t i o n  i n  a r c h a e o l o g i c a l  s i t e s .  

I n  a d d i t i o n  t o  t h e  c o m p o s i t i o n  oY t-he o v e r b u r d e n ,  t h e r e  

a r e  s e v e r a l  o t h e r  f a c t o r s  w h i c h  c a n  i n f l u e n c e  *he c r i t i c a l  

o v e r b u r d e n  t h i c k n e s s  r e q u i r e d  t o  c a u s e  s h e l l  

. f r a g m e n t a t i o n .  The s p s c i e s  a n d  a n t i q u i t y  o f  t h e  s h e l l s ,  

m o i s t u r e  c o n t e n t  o f  t h e  s e d i m e n t s ,  a n d  t h e  r a t e  of  

o v e r b u r d e n  a - c c u m u l a t i o n  a re  c e r t a i n  t o  be i m p o r t a n t  

v a r i a b l e s .  ~ h k l l s  which  a re  t h i n n e r  a n d  l ess  d u r a b l e  
' f 

a n d / o r  have b e e n  s u b j e c t  t o  c h e m i c a l  w e a t h e r i n g  f o r  a 

c o n s i d e r a b l e  l e n g t h  of  t i m e ,  f o r  e x a m p l e ,  c a h  be e ~ ~ e e - t e d * ~ :  

t o  b r e a k  a s  a r e s u l t  o f  o v e r b u r d e n  p r e s s u r e  more r e a d i l y  



m 

t h a n  t h i c k e r ,  more d u r a b l e ,  a n d / o r  f r e s h e r  s h e l l s .  A l s o ,  

g i v e n  a r e l a t i v e l y  s l o w  r a t e  o f  o v e r b u r d e n  a c c u m u l a t i o n ,  
Z 

c e m e n t a t i o n  o f  t h e  s e d i m e n t ' s  ( c a u s e d  i n  p a r t  by t h e  

l e a c h i n g  o f  c a l c i u m  c a r b o n a t e  f r o m  t h e  s h e l l s ) ,  may 

s i g n i f i c a n t l y  i n c r e a s e  t h e  r e s i s t a n c e  o f  t h e  s h e l l s  t o  

f r a g m e n t a t i o n ,  s u b s t a n t i a l l y  i n c r e a s i n g  t h e  ' d e p t h  o f  t h e  

o v e r b u r d e n  r e q u i r e d  t o  b r e a k  t h e  s h e l l s  ( A l l e n  1 9 7 4 ) .  

T h e r e  a r e  many o t h e r  a g e n t s  w h i c h ' m a y  a f f g c t  s h e l l  
: ', -. 

f r a g m e n t a t i o n  i n  a r c h a e o l o g i c a l  s i t e s .  Heat, f o r  e x a m p l e ,  

may d i r e c t l y  o r  i n d i r e c t l y  l e a d  t o  s h e l l  b r e a k a g e .  With  

. f e w  n o t a b l e  e x c e p t i o n s  ( B a i l e y  1977:138;   anger 1 9 8 1 : 4 0 )  
< l L  

however ,  t h i s  phenomenon h a s  r a r e l y  b e e n  c o n s i d e r e d  i n  t h e  

a r c h a e o l o g i c a l  I-- l i t e r a t & e .  One s t u d y  o f  s i g n i f i c a n c e ,  
5 -C1 

however ,  i n v o l v e s  a s e r i e s  o f  e x p e r i m e n t s  w h i c h  f o u n d  t h a t  

b y  h e a t i n g  s h e l l s  t o  a b o u t  90•‹C., t h e i r  r e s i s t a n c e  t o  

f r a c t u r e  w a s  r e d u c e d  u p  t o  30% ( C u r r e y  1 9 7 9 ) .  

More resear-c-h on  t h e  v a r i a b l e s  o f  s h e l l  s p e c i e s ,  

c o o k i n g  t e m p e r a t u r e s  a n d  t i m e s  n e e d s  t o  b e  u n d e r t a k e n  

b e f o r e  t h e l  f u l l  s i g n i f i c a n c e  of  h e a t i n g  s h e l l s  c a n  b e  

u n d e r s t o o d  ., C l e a r l y ,  however ,  o n e  o f  t h e  p r i m a r y  
\ 

a r c h a e o l o g i c a l  i m p l i c a t i o n s  o f  h e a t i n g  s h e l l s  is t h a t  i n t e r  --. 
o r  i n t r a - s i t e  v a r i a b i l i t y  i n  s h e l l  p a r t i c l e  s i z e s  may be  

a t t r i b u t a b l e  t o  w h e t h e r  t h e  s h e l l s  h a v e  b e e n  h e a t e d  a n d  t h e  
," 

i n t e n s i t y  o f  t h a t  h e a t .  S u b j e c t  t o  s imi lar  a g e n t s  o f  :. 

f r a g m e n t a t i o n ,  f o r  e x a m p l e ,  uAhea ted  s h e l l s  c a n  be  e x p e c t e d  



i 

to be less fragmented than heated shells. It is worth + -- 
considering that heating may be applied in a number of 

ways. Deliberate cooking is undoubtedly the most common 

heating' agent. However, shells may also have been heated 

after they have been init.ially discarded by culturally or 

naturally ignited fires.. In order t b  get rid of debris, 

vegeta-tion, and flies, for example, it has been observed 

that contemporary hunter-gatnerers in Australia routinely 
5 

burn shel-1-bearing refuse (Jones 1980). 
\ 

Chemical weathering is another impc?fpnt process which 
L.- , 

undoubtedly reduces a shell's resistance to fracture of 

shells. Unfortunately, there has been no previous research 

on chemical weathering as an agent of fragmentation. 

Other causes of shell fragmentation in cultural 

deposits which have been considered.in the archaeological 
, - 

literature include,initial collection methods (Coutts 

1970a; ~ o r s e  1925), wind (Coutts 1969), animal trampling 

(Voight 1975), freeze/thaw cycles (Brennan_l977), and 

archaeological excavation and screening (Koloseike 1968). 

It is also worth considering that shell fragmentation may 

result from continued abrasion in sediments (e.g. rolling 

in inter-tidal zones, Driscoll and Weltin 1973), 

post-depositional transport (Hallam 19671, moving or 

grounded ice (Boucot 19811, bird actxon (e.g. regurgitation 

of shells and deliberate breakage-by-dropping from the air, 

36 



7 

Trewin and Welsh 1976; Wilson l967), the 'force of waves, ' 

accidental or deliberate breakage duri.ng the processing of 

mo,llusks for consumption (Ellis and Swan 1981), artifact 

manufacture, and for use as construction aggregates (e.g. 

pottery temper). - However, shell fragmentation by these 
t 

agents is likely to generally have been of,minor 

significance-in ,- most cultural contexts. 
k'* 

The overah morphology of shells clearly influences 
'64, 

sheli fragmentation. It has been observed in natural - 

environments that, in general, 'fsmall, thin, unr ibbed, 

convex shells will crugh more easily than lafge, thick, . .. -. 
*\ 

heavily ribbed fla4t shellsff (Fagerstrom 1964:1206). The 

. same characteristics are also likely to control shell, 
\\\. 

fragmentation by cultural agents, although no research on 

this phenomenon has been undeftaken. Further, it is 

reasonable to expect that subject to the same forces, each 

sp,ecies of shell in a depasit will exhibit a di-fferent 

resistance to fragmentation and resulting particle size 
d L > 

distributions @ill vary gccording to species. Accordingly,' 

.. . when making human behavioural inferences based on 

variability in the size of shell particles, a prima'ry 
4 

consideration should be to what extent the particle size 

differences of shells within and between sites may be 

attributable solely to the morphological differences in 

shell species. Additionally, when calculating the 
7 

3 L -  



a b u n d a n c e  of  v a r i o u s  s h e l l  s p e c i e s  i n  a d e p o s i t ,  

a r c h a e c r l a g i s t s  should be a w g r e  of  the b i a s  t h a t  ma'y o c c u r  
i 

b 

as  a r e s u l t  o f  d i f f e r e n t i a l  r a t e s  of  f r a g m e n t a t i o n  among 

v a r i a u s  s h e l l  s p e c i e s  a n d  s u b s e q u e n t  d i f f e r e n t i a l  r a t e s  o f  
0 

r e c o v e r ' y  o f  e a c h  s p e c i e s .  As i n d i c a t e d  i n  p r e v i o u s  s i e v i n g  
d- 

e x p e r i m e n t s ,  t h e r e  may be  a c o n s i d e r a b l e  b i a s  i n  t h e  amount 

of  materials r e c o v e r e d ,  d e p e n d i n g *  on t h e  s i z e  o f  s c r e e n  

u s e d - d u r i n g  e x c a v a t i o n  a n d  a n a l y s i s  o f  s e d i m e n t s  ( P a y n e  

' T h e i r e l a t i o n s h i p  b e t w e e n  s h e l l  m i n e r a l o g y  a n d  

f r a g m e n t a t - i o n  is n o t  c lear  ( W a i n w r i g h t  e t  a l .  1 9 7 6 : 2 3 3 ) .  
1 

C o n c e r n i n g  t h e  m i c r o s t r u c t u r e  o f  s h e l l s  however ,  n a c r e o u s  

l a y e r s  a r e  g e n e d a l l y  c o n s i d e r e d , t o  be t h e  mos t  p h y s i c a l l y  

d u r a b l e  t y p e  ( C u r r e y  1976,,  1980;  C u r r e y  a n d  T a y l o r  1974;  

T a y l o r  a n d  Layman 19721 ,  a n d  t h e r e f o f e  p r o b a b l y  t h e  most  

r e s i s t a n t  t o  f r a c t u r e  b y  most  f o r c e s  i n  n a t u r a l  o r  c u l t u r a l  
-- 

e n v i r o n m e n t s .  The i m p l i c a t i o n s  o f  t h i s  f o r  a r c h a e o l o g i c a l  

r e s e a r c h  a r e  nof f u l l y  u n d e r s t o o d .  I t  s e e m s - l i k e l y ,  

however ,  t h a t  s h e l l s  w i t h  t h i c k  n a c r e o u s  l a y e r s  y a y  be  more 
- 

r e s i s t a n t  t o  f r a c t u r e  t h a n  s h e l l s  w i t h  t h i n n e r  n a c r e o u s  

l a y e r s .  

Some r e s e a r c h e r s  h a v e  s u g g e s t e d  t h a t  c e r t a i n  

c h a r a c t e r i s t i c s  o f  a s h e l l  f r a g m e n t  may be  i n d i c a t i v e  o f  ~ - 

. 
t h e  a g e n t  o f  f r a g m e n t a t i o n  ( e . g .  C l a r k e  a n d  C l a r k e  2980; 

C o u t t s  1 9 7 0 a ;  S e i l a c h e r  1 9 7 3 ) .  F o r  e x a m p l e ,  c h i p p e d  a n d  



broken edges may be indicative of opening the shells of 

living bivalves by prying them open with a .sharp instrument 

(Clarke and Clarke 1980). , Similarly, it seems likely that 
i 

fragments distinguished by the separation of 

microstructural layers of the shells may result from slow 

or-repeated processes such as freeze/thaw or wetting/drying 

cycles, or an increase,in the rate of chemical 

decomposition of the organic matrix compared to the 

rnicrodtructural layers it separates. However, there have 

been no published research studies to demonstrate that edge 

damage, layer separation, or other characteristics of shell 

f r a g v s - t o u l d  not have been caused by collection 

&hniques, initial deposition of the* shells as refuse, 

/' / / f y  post-depositional human or animal trampling, the weight of. 
6' 

overburden, or other processes. Accordingly, more 

actualistic and experimental studies are clearly required &- 

e 

before the characteristics of shell fragments can be used - 
d f  

- as reliable indicateors of site formation processes. 

DISARTICULATION 
I I ' , I 

d 

In this thesis, the di'saiticulation of shell valves 

refers to the condition wbere.the two valves of the Uvalve 
.v 

mollusk shell are no longer anatomically attached by the 

ligament and hinge. It is not a measure of the distance 

separating the valves. i 

39 . 



In natural ,environments, ratios of arti'culated to 
s- 

I 

disarticulated valves have Been used to estimate the rigor 

of post-depositional transportation (Trewin and Welsh 
I 

19721, and to a very limited extent, valve disarticulation 

has been used m a d p n g u i s h i n g  criterion of cultural as 
/' # 

opposed to natural! shell deposits i~rinton ,1872; Gill - 
-f , 

i 

1951). In general, however, the dynamics and implications 
\ 

of valve~disarticulation are rarely conpidered in the 
i 

The vast xpajority of bivalve shell valves in 

archaeologica.1 sites are'usually disarticulated. It should 

be appreciated that valve disarticulation may have occurred 

prior to,kdur-.ing, or after initial deposition and an 

understanding of the factors controlling valve 

disarticulation may thus be important for identifying 

initial patterns of deposi~,bn and post-depositional 
,r 

disturbance. 

Valve disarticulation prior to initial deposition may 

have taken place intentionally or accidently. In some 

instances, the valves of bivalve mollusks were deliberately 

b disarticulated to redu the volume of mollusks to be 

transported (Moreau 1978; Meehan 1982). Additionally, some 

valves may have been accidently disarticulated while they 

were initially being opened. However, as heating generally 

ope6s valves wide enough to extract the flesh without 



complete disarticulation, and the ligaments of unheated 

valves usually remain pliable for at least a few hours I 
- 

after collection, it is likely that valve disarticulation 

pridr to discard is generally of mifioz significance in most 
C 

P C  7 -  P 
cuit~~yal &ntextsi. I 

k r 
* * 

W i t h  regard to valve disarticulation during -the initial 

deposition of shells, it should be appreciated that t-he 

force -of discard, particularly whenjthe shells have been 

gathered into some kind of container and re-deposited as 

secondary refuse, may create sufficient stress on the 
- - c 

ligament to result in valve disarticu,lation. However, 

there has been no previous research on this phenomenon and 

archaeologists generally have little idea of how much valve * 
disarticulation occyrs as a direct result of depositi-on. 

Post-depositionally, valve disarticulation occurs as a 

result of 1 ament decomposition a%nd/or mechapical P 
failure. ValveLdisart iculat ion may simply result -from the 

ligament, being almost totally organic, decomposing at a 

faster rate than the valves, which are largely inorganic. 

Additjgnally, stress on the ligament produced by human 

trampling or the weight of overburden may be sufficient to 

cause valve. disarticulation, especially if the ligament is 

weakened through chemical weather ing. - 

An influential factor in the process of valve 2 

disarticulation is heating. In general, as heating usually 



opens the valves wide enough to extract the flesh without 

completely separating the valves, it is unlikely that 

cooking is a major direct cause of valve disarticulation. 
i 

However, heating dries the ligament, causing it to become 

brittle. Of course, the ligaments of shells which have not 
f 

Seen cooked, but have dried naturally also 2ventually 

+become brittle. The primary implication of this is that 

the ligaments of shells which have been cooked and/or dried 

-will be less resistant to disarticulation during or after 
r - 

initial deposition than shells which have not been heated 

or Qied. Accordingly, s deposit which exhibits a 
% 

'r$latively' high proportion of articulated valves may be 
-,i ' 

hdicatide of processing which did not invoke the 

application of heat, or it may be indicative of a fairly-. 
0 

rapid burial -of the 'shells, before they had time to dry and . 

become brittle. 

Another archae-ological implication of valve 
= 

disarticulation concerns assessing the level of 
' i .  i 

post-depositional disturbance in cultural deposits. It has 

been suggested that the distance separating valves of the 

same mollusk may be used a,s an indicator of 
+ 

post-depositional d.isturbance, assuming the valves 

were articulated upon initial deposition (Koike 1979). 

=? There is no previous research to support the assumption 

that valves remain articulated upon digcard however, and 
V 

4 2 , 



f 

4 

, 
2 

more r e s e a r c h  on  v a l v e  d i s a r t i c ~ z a t i o n ,  p a r t i c u l a r l y  as .it 

may r e s u l t  f rom c u l t u r a l  d e p o s i t i o n ,  is c l e a r l y  n e e d e d  
.f 
d 

b e f o r e  t h i s  a s s u m p t i o n  c a n  be  a c c e p t e d  w i t h  c o F f i d e n c e .  

u n f o r t u g a t e l y ,  c r i t e r i a  f o r  i d e n t i f y i n g  which  a g e n t s  o f  

v d l v e  d i s a r t - i c u l a t i o n  were  i n • ’  l u e n t i a l  i n  a ' r c h a e o l o c j i c a l  
i 

s i t e s  &ave n o t  b e e n  e s t a b l i s h e d .  I t  s e e m s  l i k e l y ,  however , .  
n * 

e. 

t h a t  v a l v e s  which  r e m a i n  c l o s e  t o  e a c h  o t h e r  h a ~ e . ~ r o l j a b l ~ .  

- - - - b e e n  d i s a r t i c u l a t e d  l a r g e l y  as  a ' r e s u l t  o f  l i g a m e n t ,  r . . I , 
d e c o m p o s i t i o n .  ~ o n v e f s ~ ~ l y ,  v a l v e s  which  h a v e  b e e n  w i d e l y -  - 

* v u 

s e p P r a t e d  or' t h r u s t  o v e r  each o t h e r  are p r o b a b l y  i n d i c a t i v e  i s  

- .  of  p h y s i c a l  d i s l o c a t i o n .  The v a l v e - p a i r i n g  t e c h n i q u e  is .-4 
ib 

1 \ 
\ 

d e s c r i b e d  by*Koike ( 1 9 7 9 ) .  

ir 
, 

1 4  

' j, 

' I n  t h i s  t h e s i s ,  v e r t i c a l  d .%placement  r e f e q s  t o  t h e  

, . p o s t - d e p o s i t i o n a l  v e r t i c a l  el movement of s h e l l  p a r e i c l e s ,  
!, - - , 

w h i c h  i s  i m p o r t a n t  t o  u n d e r s t k n d , t h e  d y n a m i c s  b f ' s h e l l  
1 

4. 

d i s p l a c e m e n t  f o r  e i r a l u a t i n g  t h e  C ' IIY s t r a t i g r a p h i c  c o h e r e n c e  o f  
5 * 

, s h e l l  m i d d e n s .  I n  p a r t i c q l a r ,  & • ’ ~ ; ~ e h a v i q u r a l  i n f e r e n c e s  
* b ,  

* , * d+. - ' a r e  t o  be b a s e d  on  s h e l l  a n a l y s e s ;  it is I m p o r t a n t  t o  know ' 

i f  t h e  s h e l f s  were d e p o s i t e d  c b n t e m p o r a n e o u s l y  w i t h i  - 

8- 
a r t i f a c t s  a n d  o t h e ~  a s s o c i a t e d  c lqsts ,  o r  i f  t h e  s h e l l s  

3 

were d e p o s i t e d  l a t e r  a n d  subsequen t$y  d i s p l a c e d .  T h i s  '- 
- .  ** 

knowledge  is e s p e c i a l l y  i m p o r t a n t  i f , , , s h e l l s  

d a t i n g .  I t  is a l s o  i m p o r t i n t  t o  know whe th  



'u 
r
 

a, 
O

U
d

 
w

o
a

 
w

 
L
,
 

a
d

 
tJ3 

i-4 
aJ 

rC1 
m

- 
m

 
3
 

aJ 
u
 

U
 

r-i 
0
 

.
3
 

a
 

6
,
 

C
,

 
m

 
.
4
 

i-i 
n
 m
 

C
, 
In a, 

C
 

,, 

'P
I 

.-
' -" 

a, 
n
 

C
,. 

% a, 
> 

c
-

 
C

I 
5

 

k
 

k
 

al 
a, 

> 
2 

g 
m

 
o
 

rC 
Sr 

r-i 
4
 

d
 
- 

m 
m

 
C

l 
a
3
 

0
 
'0' 

4J 
,
d
6
 



'There are"severa1 reasons why it is important to . 

understand the factors controlling the chemical weathering 
- % _  

of shells in archaeological deposits., A primary 

consideration is that differential rates of chemical 

weathering leads to differential preservation of shells. 

Accordingly, the relative abundance of various species of 
i 

shell in a deposit may be influenced by differential rates 
$ - 

of chemical weathering, and this potential bias should be 

taken into account when making inferences of the origin, 

- intensity, and uariability of bivalve mollusk 

exploitation. It is also worth considering that chemical 

weathering releases calcium c rbonate *into the associated 

sediments, generally raising the pH and thus increasing 

preservation of organic remains. Insofar as the " 

differeotial preservation of shell results in the 
> 

differential s'ettling'of deposits (Sanger 19811, an 

unqstanding of factors controlling the chemical 

weathering of shells may also aid interpretations of. 

-. overall site morphology. Further, as chemical weathering 

can genera3y be expected to reduce the strength of shell 

ligaments and valves, an understanding of factors 

controlling the chemical weathering of shells may be useful 

in interpretations of valve disarticulation and 

fragmentation. . ;t. 

Carbonic acid, formed by the presence,of water with 
> - 

4 5 



*. *- D... c a r b o n  d i o x i d e  a n d  p r e s e n t  i n  a l l  r a i n  a n d  g r o u n d w a t e r ~ ,  is 

- I *  

t h e  m o s t  common g e o l o ~ i c i s o l v e n t  of calcium c a r b o n a t e  . 
( F r i e d m a n  a n d  S a n d e r s  1 9 7 8 : 1 3 4 ) .  T h i s  f a d t  h a s  b e e n  

wr ' 
r e c o g n i z e d  b y  s e v e r a l  r e s e a r c h e r s ,  who c o n t e n d  t h a t  

v a r i a b i l i t y  i n  t h e  amount  o f  r a i n  a n d  Qroundwate r  

p e r c o l a t i o n  e x p l a i n s  i n t r a  a n d  i n t e r - s i t e  v a r i a b i l i t y  i n  
% 

t 
s h e l l  a b u n d a n c e .  S u l l i v a n  (198 '4f ,  f o r  e x a m p l e ,  e x p l a i n s  a 

d e c r e a s i n g  amount  o f  s h e l l  w i t h  i n c r e a s i n g  d e p t h  a s  a 

r e s u l t  o f  more g r o u n d  w a t e r  p e r c o l a t i o n  i n ' t h e  l o w e r  - l e v e l s  

o f  a s i t e .  S i m i l a r l y ,  Hughes ( 1 9 8 0 ,  1%33) s u g g e s t s  t h a t  
/' 

d i f f e r e n c e s  i n  t h e  amount  of  r a i n w a t e r  p e r c o l a t i o n  e x p l a i n s  

t h e  f a c t  t h a t  s h e l l  i n  s o m e " ~ u s t r a 1 i a n  s i t e s  h a s  been  

0 

p r e s e r v e d  f o r  7 , 0 0 0  y e a r s  w h i l e  she l .1  in .  o t h ' e r  s i t e s  o n l y  

l a s t s  3 500 y e a r s .  E- 
The p o t e n t i a l  o f  e x t r e m e  c h a n g e s  i n  s i t e  s t r u c t u r e  

r e s u l t i n g , f r o m  p e r c o l a t i n g  r a i n  a n d  g r o u n d w a t e r  h a s ' a d s o  

P b e e n  r e c o g n i z e d .  Hughes a n d  Lamper t  ( 1 9 7 7 ) ,  f o r  example ,  

s u g g e s t  a t y p i c a l  s h e l l  midden ( i . e .  c ~ m p o s e d  of  708 s h e l l ,  

b y  v o l u m e ) ,  w i l l a b e  r e d u c e d  t o  o n e - t h i r d  o f  i t s  o r i g i n a l  , 

volume b y  t h e  c o m p l e t e  r e m o v a l  o f  s h e l l  i n  s o l u t i o n .  

O t h e r  a g e n t s  of  c h e m i c a l  w e a t h e r i n g  i p c l u d e  t h e  a c i d s  

produced by t h e  d e c a y  of f a u n a l  a n d  f l o r a l  r e m a i n s .  h 

noted by H u l l e r  (19?9:56): 

I n  g e n e r a l ,  t h e  g r e a t e r  t h e  c o n t e n t  o f  
o r g a n i c  m a t e r i a l  w i t h i n  t h e  s e d i m e n t ,  t h e  
g r e a t e r  t h e  p o s s i b i l i t y  f o r  t h e  
d i s s o l u t i o n  of  c a l c a r e o u s  s h e l l  m a t e r i a l .  



' d  

F u r t h e r  p o t e n t i a l  a g e n t s  o f  c h e m i c a l  w e a t h e r i n g  of  s h e l l  i n  
I 

. a r c h d = o l b g i c a l  d e p o s i t s  i n c l u d e '  a c i d s  p r o d u c e d  b y  t h e  

weaGher ing  'of m i n e r a l s  i n  s i t e  s e d i m e n t  a n d  
f w 

S a n d e r s  1 9 7 8 ) ,  u r i n e  ( K o l o s e i k e  19681 ,  a n d  b a c t e r i a  ( M u l l e r  

1 9 7 9 ) .  However, t h e s e  a g e n t s  a r e  l i k e l y  t o  have'  b e e n  o f  

' o n l y q i n o r  s i g n i f i c a n c e  i n  mos t  a r c h a e o l o g i c a l  c o n t e x t s .  

S e c j i m e n t o l o g i c a l  s t u d - i e s , i n d i c a t e  t h a t  s m a I 1 ,  t h i n ,  a n d  

f r a c t u r e d  s h e l l  p a r t i c l e s ' a r e  l i k e l y  t o  be t h e  ,. m o s t  r a p i d l y  

d i s s o l v e d  ( M u l l e r  1979 ;  S c h a f e r  1972 . ) .  D i f f e r e n t i a l  s h e l l  

p r e s e r v a t i o n  a c c o r d i n g  t o  s p e c i e s  c a n  t h e r e f o r e  be  

. e x p e c t e d .  B i v a l v e  m o l l u s k s  which  have  r e l a t i v e l y  s m a l l  a n d  

t h i n  s h e l l s  w i ' l l  n o t  g e n e r a , l l y  be  r e p r e s e n t e d  a s  w e l l '  
? 

a r c h a e o l o g i c a l l y  as  b i v a l v e  m o l l u s k s .  w i t h ? l a i g e r  a n d  
* - 

t h i c k e r  s h e l l s .  T h i s  b i a s  may l e a d  t o  i n c o r r e c t  i n f e r e n c e s  

of, t h e  p r e h i s t o r i c  c u l t u r a l  i m p o r t a n c e  o f  v a r i o u s  s p e c i e s  

/ '- 
o f  b i v a l v e  m o l l u s k s .  , -  I-. 

A d d i t i o n a l l y ,  b e c a u s e  f r a g m e n t a t i o n  i n c r e a s e s  t h e  r a t e  

o f  c h e m i c a l  w e a t h e r i n g ,  s h e l l s  which  h a v e  b e e n  b r o k e n  by 
17 - 

t r a m p l i n g ,  c u l t u r a l  d e p o s i t i o n ,  o v e r b u r d e n  w e i g h t ;  o r  o t h e r  
-- I 

.a --. ' - -  ' - 
p r o c e s s e s  w i l l  n o t  b e  p r e s e r v e d  as w e l l  a s  l a r g e  f r a g m e n t s  

o r  c o m p l e t e  v a l v e s ,  e v e n  i f  t h &  s p e c i e s  o f  s h e l l ,  is t h e  

same. One o f  t h e  p r i m a r y  i m p l i c a t i o n s  o f  t h i s  is t h a t  

e v i d e n c e  of  i n t e n s e l y  t r a m p l e d  areas ,  as e x p r e s s e d  b y  - 
h i g h l y  f r a g m e n t e d  s h e l l s ,  c a n  be e x p e c t e d  - t o  be  rerno>e'd+&t?+--v- 



a faster rate than evidence of areas in which shell is 

relatively undisturbed by agents' of f~agmentation. For 

example, shell dumps may remain clearly visible, while 
4 

housefloors or other areas subject to high rates of shell 

fragmentation may be difficult to delineate,-even if the' 

species and original quantities of shell in each deposit 

are similar. 

PROMINENT PROBLEMS 
# 

This chapter has outlined some of the implications o f *  

bivalve shell taphonomy in~archaeological research. It is 
i 

clear that many factors can in-fluence the sedimentary 
C 

properties of bivalve shells in archaeological sites and an 

understanding of these factors will aid interpretations of 

shell midden stratigraphy. However, there are many 

problems- concerning the behaviour of shells as sedimentary 
* 

particles ih archaeological sites. In particular, there is 

little understanding of how depositional and post- 

depositional cultural processes affect shell depasits. It 
- 

is especially imporSant to understand the sedimentary 

effects of the initial cultural deposition of shells before 

archaeologists can adequately assess post-depositional 

disturbance in shell middens and reconstruct past cultural 
3 

behaviour. Similarly, human trampling is a process which 

occurred on all archaeological siLds, yet its sedimentary 



effects on shell deposits has never been! examined. 
b 

With regard to the initial deposition of shells, 

important questi'ons which remain unanswered involve 

understanding how the orientation, disarticulation, and 3, 

fragmentation of shells are affected .by the species o f '  

shell being discarded and the force of discard. Concerning 
\ 

i' 

the effects of human trampling, it would be useful to know 

how the fragmentation and vertical displacement of shells 

a;e affected by the species of shell bein; trampled updn 

and the intensity of tranpiing. These questions have led 
1 

to the design of experiments which are discussed. in the 

following chapters. 



I , .  

CHAPTER 4. CULTURAL DISCARD EXPERIMENTS 

As outlined in the.'previous chapters, it. is important 

to understand the dynamics and implications of bivalve 
* N 

shell taphonomy in order to properly interpret the 

stratigraphy of shell middens and accept behavioural 

inferences supported by shell analysis with conf5dence. 

One of the prominent problems in this regard is the lack of 

knowledge concerning how the sedimentary properties of 
4 

d 

shells are affected by initial deposition of shells 

as refuse. Accordingly, this chapter presents the results 

of experiments intended to elucidate the sedimentary 

effects of the initial cultural deposition of shells in 

archaeological sites. Attention is focussed on shell 
P) 
$ 

orientation, fragmentation, and disarticulation. 

MATERIALS AND METHODS 
B 

Table  1 p r o v l d e s  a summary of  t h e  s h e l l s  used i n  t h e  

discard experiments. The specimens o'f Protothaca staminea 

(native littleneck clam) and Venerupis ja~onica (Japqnese 

littleneck clam) were collected 'live from Pacific Ocean 

beaches of British Columbia. The specimens of kytilus 

edulis (edible mussel! were bought live from a market in 

Vancouver, British Columbia, but were originally collected 
1 

50  





f r o m  t h e  eas t  c o a s t  o f  N o r t h  Amer ica .  / 
k. 

P r o c e s s i n g  i n v o l v e d  cooking a p p r o x i m a t e l y  e q u a l  numbers 

o f  e a c h  s p e c i e s  by s t e a m i n g ,  b o i l i n g ,  a n d  b a k i n g .  They 

were  c o o k e d  u n t i l  t h e  v a l v e s  o p e n e d .  T h i s  g e n e r a l l y  t o o k  
? 

f r o m  1 0  t o  2 0  m i n u t e s .  The s h e l l s  s u b j e c t  t o  e a c h  c o o k i n g  

t e c h n i q u e  were n o t  k e p t  s e p a r a t e  d u r i n g  t h e  d i s c a r d  
* & 

e x p e r i m e n t s .  C o n s e q u e n t l y ,  t h e  p r e c i s e  e f f e c t s  e a c h  

c o o k i n g  t e c h n i q u e  c a n n o t  be d e t e r m i n e d .  
4 

A f t e r  c o o k i n g ,  t h e  s h e l l s  were l e f t  d r y  a n d  i n d o o r s  f o r  

t h e  p e r i o d  p r i o r  t o  t h e '  e x p e r i m e n t s .  The m e a s u r e m e n t s  of 
2 .  

t h e  s h e l l s ,  as  o u t l i n e d  i n  T a b l e  1, were t a k e n  on t h e  

v a l v e s  a f t e r  c o o k i n g  a n d  d r y i n g .  

T a b l e  2 i l l u s t r a t e s  t h e  r e s e a r c h  d e s i g n  o f  t h e  

e x p e r i m e n t s  . The m a j o r  v a r i a b l e  examined  w a s  t h e  s p e c i e s  

o f  s h e l l .  V a r i a b i l i t y  i n  t h e  h e i g h t  of  d i s c a r d ,  t h e  numbe$ 

o f  v a l v e s ,  a n d  t h e  r a t i o  o f  a r t i c u l a t e d  t o  d i s a r t i c u l a t e d  
c - 

v a l v e s  were a l s o  e x a m i n e d .  A f u r t h e r  d i s t  inct ionL;&s made' 

bet 'ween f r e s h  a n d  o l d  s h e l l s  o f  P r o t o t h a c a  s t a m i n e a  . ( i . e .  2 

d a y s  v s  . 1 y e a r  s i n c e  d e a t h )  b e c a u s e  i t  was t h o u g h t  thx i  
R 

4. - t; 
t h e  i n c r e a s e d  d r y i n g  t i m e  may h a v e  r e d u c e d  t h e i r  r e s i s t a n c e  

t o  f r a g m e n t a t i o n  a n d  d i s a r t i c u l a t i o n .  The o l d e r  P r o t o t h a c  

s h e l l s  were u s e d  i n  e x p e r i m e n t s  1, 2 , - 3 ,  4 ,  5,  1 4 ,  and  1 5 .  

The f r e s h  P r o t o t h a c a  s h e l l s  were  u s e d  i n " 4 x p e r i m e n t s  6 ,  7 ,  

8 ,  and 9 .  A l l  v&ves were s u b j e c t  t o  o n l y  one  dumping 

. eventz, e x c e p t  t h o s e  i n  e x p e r i m e n t  no .  1 5 ,  w h i c h  were  
t 



Table 2. ' '  Research design'of discard experiments 

Experiment Shell Height of No. of No. of 
No. Species Discard - Articulated Single 

( m  1 Pairs of Valves 
Valves 

Protothaca g. 9 . 7  0 
\ - 

Protothaca, p. i. 0 0 
% 

Protothaca 2. 2.0 0 

Protothaca p. 0 ..7 10 
/ 

"1 Protothaca g. 1.0 / 10 
i 

6 . .  Protothaca g. 0.7 10 0 

7 Protothaca p. 1.0 10 0 

8 Protothaca 5. 1.0 . 2 2 1: 

9 Protothaca p. 2.0 2 21 

14 Protothaca 5. 0.7 218 

15 " Protothaca 5. 1.0 111 



previously discarded in experiment no .+ 14. 
* 1 - j  - 

A plastic bucket, 29 cm deep and 30 cm in diameter was 

used for discarding the shells. They were discarded fkom 

the bucket onto a level loam substrate. Shells discarded 
-, 

from .70 m above the ground surface were thrown in a 

forward motion. Shells discarded from 1.0 and 2.0 m above 

the ground surface were dumped by tipping the bucket of 

shells directly upside d.own. Due to the lack of detailed 

-ethnographic observations on shelL discard, the size of 

bucket, heidt of discard, number of valves, and ratio of 

. bi dFkiculated to single valves discarded were chosen 
/ 

arbitrarily. 

Hundreds of experiments and many thousands o,f shells 
4 

would be required to test all possible combinations of 

variables. Tlie 15 individual discard events exami.nedj'in 

this chapter represent an initial attempt to understand the 

sedimentary effects of shell dis,camrd. The combinations of 

variables examined were.chosen primarily to obtain 

information on how shell species differences affects the 

orientation of articulated and singl-e valves. 

Shell orientation was rechded as the.number of single 

valves landing concave-side up, concave-side down, or 

haphazardly, and the number of articulated pairs of valves 
k 

landing hinge-up, hinge-down, or sideways (Figure 2, p. 

2 8 ) .  Disarticulation was recorded by noting the number of 
31 

U 



articulated pairs of valved in each experimental run before 

and a f t e r  discard. A crude measure of shell fragmentation 

was made by recording the number of valves that remained 

larger than one-half of their original sihe. Observations 

were also made on the'occurrence of edge damage and the 

sewration of microstructural layers of shell valves. 

> 

6 

RESULTS 

The complete results of the discard experjments are 

presented in Apppendix A. As is evident, va;iations in the 

number of valves discarded together and the antiquity of 

the shells (i.e.= 2 days vs. 1 year since death) were 

generally insignificant . Indications are, however, that 

discarding shells from a greater height g-nerally results 

in increased disarticulation and fragmentat: on. ~ur-ther, 
1 

the results of experiments 14 afie 15 indicate that an 

- - 
initial dumping of shells significantly reduces further 

4 

resistince to disarticulation and fragmentktion when the 

shells are re-deposited. 

Orientation 

The- overall orientation of single valves was 65% 

concave-sJde up, 34% concave-side down, and 2% haphazard. 

The overall orientation of articulated pairs of valves was 

47% hinge-down, 18% hinge-up, and 35% sideways. Table 3 . 
illustrates the orientation of sheIls according to 



species. The orientation of articulated pairs of Veneru~is 
> ,  

. ,  

ia~onica valves was not recorded. 
- 

Valve Disarticulation 
& li - 

2 

Fifty-six p t of the articulated pairs of valves 
1 i 

3 

C 
became disarticulated. Disarticulation according to 

species is illustrated in  able 4. l i 

Frasmentat ion i 

Overall, 10% of the valves were  educed to less than 
a 

one-half of their original size. Fragmentation according 
" .  

to species is illustrated in Table 5. The fragmentq were 

generally irregular in shape, with edge damageJoccukring a n . , a ,  
i $ '  

several valves. There was no separation of the ,: 

microstructural layers of the valves. 

DISCUSSION 

The results of these experiments provide some insight 

into the- effects of cultural discard of bivalve mollcusk 

shells, contributing to an increased appreciation of - 
, . 

factors the orientat ion, f ragmentatton, and 
,-, , 

disarticu:&ation of bivalve shells in'archaeological sites. 
i 

4 

In general, the results indicate 'that single valves wiil 

tend to initially land concave-side up and articulated 

pairs of valvesail1 land hinge-down or sideways. Further, 

as a result of initial deposition, some fragmentation and 

disarticulation of shells can be expected. 



, I 
IY y B  I \ 

Table 3. Orientation of Discarded Shells. 
I 

veherupis : Protothaca Mytilus 
. .  , staminea edulis " -  jabonica 

- I 
Single Valves - 1  

I 
concave-side up 61% 72% 

c o n c a v e - s i d e  down . 3 5% 28% j , 25% 
. IY5% 

haphazard 
, . r  

,-- 

Articulated - ~ a i r s  
of Valves 

2 
I hinge-down 

h nqe-up $&, 



T a b l e  4 .  " D i s a r t i - c u l a t i o n  of  D i sca rded  Shells. -- 

S p e c i e s  P e r c e n t a g e  o f  A r t i c u l a t e d  P a i r s  
of Valves  D & s a r t i c u l a t e d  as  a 

.- ,--. R e s u l t  o f  Digcard - 

. %  

P r o t o t h a c a  s t a m i n e a  , 

( 1 y e a t  s i n c e  d e a t h )  , 
\ 

Protothaca s t a m i n e a  
'. 

% + f 2 days s i n c e  d e a t h )  7 5% 
rl .". 

Mytilus e d u l i s  
"\ , \ 

4 2 %  

venerupis j a p o n i c a  6 0 %  



J 

Table 5 .  F r a g m e n t a t i o n  o f  Discarded shells, 

S p e c i e s  P e r c e n t a g e  o f  S h e l l  V a l v e s  
Reduced t o  Less t h a n  One-ha l f  
(of t h e i r  O r i g i n a l  Size as a 

I 

R e s u l t  of Discard 

~ r o t b t R a c a  s t a m i n e a  -6 

( 1 T a r  s i n c e  d e a t h )  

P r o t o t h a c a  s t a m i n e a  
( 2 days s i n c e  d e a t h )  

M y t i l u s  e d u l i s  

V e n e r u p i s  j a p o n i c a  , 



w 
The species of shell is clearly an important variable 

governing shell orientation, fragmentation, and 

disarticulation. The height of discard the number of P 
valves d'iscarded together, and the antiquity of shells do 

a, %. 

not appear as significant factors in these experiments. 

7 The results of the experJiments-support previous studies 
"5 r. + 

of bivalve shell taphonomy. The dominantly concave-side up 

orientation of single valves is in accord with the general 

notion.in sedimentological studies that ~hell~valves wiIl 

tehd to be initially deposited concave-side up (e.9. Emery 

1968; Muller 1979). The orientation results are also in 

agreement with aLpreviou9 unpublished experimental study of 

shell orientation in archaeology which demonstrated a 

tendency for shell valves to land cdncave-side up upon 

cultural deposition (Casey 1982). The disarticulation . 

results support the notion that the strength of valve 
d 

articulation varies according to species (Trewin and Welsh 
* 
'J 

1 S 7 2 ) .  With regard to the orientation of articulated pairs 

of valves and shell fragmentation, the results are not 

directly comparable to any previous studies. The regults 

do illustrate, however, that the species of shell is an , 
/ 

important variable in these aspects of sedimentary 

behaviour. 

The orientation results may be of siqnif icant value 

with regard to assessing the'level of post-depositional - I 



disturbance in shell middens. The fact that shell' valves . Y 

I 

exhibited a marked tendency to land concave-side up means 
7 

that a deposit in which the majority of valves 4 i e n t e d  

concave-side up has probably been subject to relatively 

little post-depositional disturbance. i 

Conversely, a deposit in which the majority of shells 

a are not oriented concave-side up may be an indication of 

i' post-depositional disturbance. Re-orientation of shells 
< - 

-from the concave-side up position could occur either while 

the shells were exposed on the ground surface or after they 

were burie . Human trampling, scavenging, -and subsequent JB 
refuse deposition are major agents which could re-orient 

shelis while they were still exposed. Bioturbation and 

deliberate digging in shell deposits by humans are likely 

the major agents of the re-orientation of buried shells. 

It should be appreciated, however, that using shell 

orientation to assess the integrity of shell deposits is 

complicated by the fact that not all valves are + 

disarticulated prior to or during the discard process. As 

the results of the experiments indicate, the orientation of 
, . 

articulate-d valves is substantially diffe-rent than the 
\ 

orientation of single valves upon initial deposition. One 
J I 

of the impl~jcations of this is that th'e decomposition of 

the ligaments of articulated valves will result in a large 
7 



L*' 

'+ 
f 

@roportion of single valves being oriented in a haphazard 

or concave-side doyn posit ion. 

It should also be appreciated that valves deposited 
t 

into. a pit or. onto a rough surface will not necessarily 
r 

tend t'o assume a concave-side up position. As noted by 
I 

* r  J .  
Toots ( l g q 6 8 )  : 

I 
s .  

The most stable position;ob= dead animal 
- or any part of its skeles%h will have a 

differentiorientation on an inclined 
surface than on a level one and the stable 
position within a depression may be still 
different. 

With particular regard to discarding shells into pits, it 

is reasonable to expect that where there is not sufficient 

space for each valve to land on the exposed ground surface, - 

) a haphazard orientation of valves will rehulk. 

,) These experiments Turther demonstrate that the initial 
- 

deposition of shells in archaeological sites is a Frimaty 
I 9 

t agent of valve disarticulation. The p incipal 2 
archaeological implication of this concerns the use of the 

distance separating valves to assess the level- of,post- 

depositional disturbance in shell middens. As noted by 

Koike (1979:69), in order to use valve separation to assess 
* .  

the l e v e l  of,po$t-depositional disturbance, it must be' 
4 

assumed that the valves remain articulated,upon discard. ' 

This is a very big assumption and one that is not sugported 

by the results of the experiments reported here. 



- ..- It is also important to note that some valve 

fragmentatiom occurs as a result of initial &position of 
1 
I I/ 

shells. The crude measure of shell fragmentapion used in , f 

hdi+ the experiments precludes t@ establishment of 
id 

" principles regarding the relationship between shell 
! 

fragmentation and the cultural deposition of. shells. 
-- 

~owevdr, it-is demonstrated that the species of shell is a a 

3 

;z key variable in fragmentation. It- is further clear that 

the size of most shell fragments resulting from cultural 

discard remain relatively large. Accordingly, the initial 

deposition 'of shell can gener lly be ruled out as a major 

agent of fragmentation in deposits of highly fragmented 

shells. 

The fragmentation results further indicate that edge 
\C/ 

damage to shells may result from cultural deposition of the 
- , 

shells as refuse. Therefore, edge damage is not a reliable 

indicator of prying open living bivalves, as suggested by 

Clarke and Clarke (1980). It is also evident'that 
1 

separation of valve microstructural layers is' not likely to 

result solely from the process of cultural deposition. 



CHAPTER 5 TRAMPLING EXPERIMENTS 

INTRODUCTION 

A s ,  pointed out in previous chapters,, in order to 

correctly interpret shell midden stratigraphy and accept 

behavioural inferences supported by shell analysis with . 

complete confidence, it is important to understand the 

dynamics of bivalve shell taphonomy. A prominent problem 

in this regard is a notable lack of research on the 

sedimentary effects of human trampling on shell deposits. 
? c 

Accordingly, this chapter presen<k14he design, results, and 

a discussion of experiments intehded to elucidate the 

effects.of human trampling on shell deposits. Attention is 
is 

focussed*on shell fragmentation, although the vertical 

displackment of shell parkicles is also considered. 

MATERIALS AND METHODS I 

-5- - 
This chapter reports on two distinct groups of I 

L 

trampling experiments, referred to as the Series A and the 

Series B experiments. The Series A experiments were 

designed to obtain information solely on shsll 

fragmentation. The Series B experiments were designed to 

obtain information on both the fragmentation of shells and 

the vertical displacement of shell particles. 



T a b l e  6 p r o v i d e s  a s u k r y  o f  t h e  s h e l l s  u s e d \ i n  t h e  

, e x p e r i m e n t s .  The S e r i e s  A s h , e l l s  w e r e  c o l l e c t e d  f r o m  t h e  

r e f u s e  d e p o s i t  o f  a h i s t o ; i c  s h e l l f i s h  c a n n e r y  a t  C r e s c e n t  a 

Beach,  on t h e  s o u t h e r n  c o a s t  o f  B r i t i s h  C o l u m b i a .  A l l  t h e  

s h e l l  v a l v e s  c o l l e c t e d  f  om t h e  d e p o s i t  w e r e  d i s a r t i c u l a t e d  'a I 

a n d ,  w i t h  t h e  e x c e p t i o n  o f  o c c a s i o n a l  e d g e  damage,  were n o t  
4% 

b r o k e n .  The p = e c i s e  a n t i q u i t y  o f  t h e  s h e l l s  h a s  n o t  b e e n  
?*, 

@3 d e t e r m i n e d .  However, as  t h e  c a n n e r y  c e a s e d  o p e r a t i o n  i n  

t h e  e a r l y  1 9 6 0 s ,  i t  c a n  be  as sumed  t h a t  t h e  s h e l l s  h a v e  
. . 

b e e n  i n  t h e  d e p o s i t  f o r  a t  l e a s t  20 y e a r s .  The S e r i e s  B 

s h e l l s  g e r e  drawn f r o m  t h e  same c o l l e c t i o n  u t i l i z e d  i n  t h e  

c u l t u r a l  d i s c a r d  e x p e r i m e n t s  ( see  p p .  5 0 - 5 2 ) .  

~ a b l e F l l u s t r a t e s  t h e  r e s e a r c h  d e s i g n  o f  t h e  " - 
t r a m p l i n g  e x p e r i m e n t s .  

1 

I n  t h e  S e r i e s  A e x p e r i m e n t s ,  t h e  d e p o s i t s  o f  e x p e r i -  
1 

m e n t s  1, 2 ,  a n d  3 were  composed s o l e l y  o f  Sax idomus  

g i q a n t e u s  ( b u t t e r c l a m ) , .  P r o t o t h a c a  s t a m i n e a  ( n a t i v e  

l i k t l e n e c g '  clam),  ard M y t i l u s  e d u l i s -  ( e d i b l e  m u s s e l )  
'iy 

r e s p e c t i v e l y .  The d e p o s i t  o f  e x p e r i m e n t  4 w a s  composed 0.f 

e q u a l  p r o p o r t i o n s  (-by w e i g h t )  , o f  e a c h  s p e c i e s .  Each  
'L 

d e p o s i t  t o  be t r a m p l e d  i n  t h e  S e r i e s  A e x p e r i m e n t s  w a s  

p l a c e d  on a ' b e d  o f  a s s o r t e d  whole  a n d  b r o k e n  s h e l l s  i n  a n  . . 
a d -  

.. . 
I * .  

a r e a m e a s u r i n g  60 X 40 c m .  The s h e l l  bed w o v e r l a i d  w i t h  
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C Table 7. Research Design of Trampling Experiments. 

Experimen 
No. 

* 

t Shell Weight $otal No. Substrate 
Species of oif' 

Depos it Passages 
(grams 1 

Series A 
-- - - 

Saxidomus q. 

Protothaca =. 

Myti lus e. 

Mixed , - '  

1500 640 shell ' 

(71 valves) 

1500 640 shell 
(166. valves) - % 

750 '640 she 1.1 
(259 valves) L- ' 

B" ' I ? ,  
< 

1000 640 shell 

Mixed 

6 ,,,, ~b  mixed 
...,.- .i 

-.I 
>% i > 
-p I . '  

9 -  

7 Mixed 

8 Mixed 

685 100 shell 
i 

6 8 5 '1000 shell 

- 685 1000' loam 



'x 

=? 
a s h e e t  o f  p l a s t i c  t o  p r e v e n t  m i x i n g  b  

.> 
\ 8 

a n d  t h e  d e p o s i t  b e i n g  s t u d i e d .  A p p r o x i ~ t e l y  o n e - h a l f  o f  
I 

1 

t h e  s h e l l s  were p l a c e d  c o n c a v e - s i d e '  u p  a n d  o n e - h a l f  of  th; 

s h e l l s  were  p l a c e d  c o n c a v e - s i d e  down. Each  d e p o s i t  w a s  
. - - 

t h e n  s u b j e c t e d  t o  a t o t a l  o f  640 t r a m p l i n g  p a s s a g e s .  A 

. t r a m p l i n g  p a s s a g e  i's- d e f i n e d  as t h e  i n v e s t i g a t o r  ( m y s e l f ) ,  

w e i g h i n g  6 5  k g .  a n d - w e a r i n g  h a r d ,  r u b b e r - s o l e d ,  s h o e s ,  

w a l k i n g  o v e r  t h e  d e p o s i t ,  w i t h  one  f o o t  s t r i k i n g  t h e  - 
f 

s h e l l s .  A t  i n t e r v a l s  o f  80 ,  1 6 0 ,  320 ,  a n d  640 p a s s a g e s ,  ., 

t h e  d e p o s . i t s  o f  e x p e r i ' m e n t s  1, 2, a n d  3  w e r e  s u b j e c t  t o  
-t 

mechan' ical  s h a k i n g  t h r o u g h  a s e r i e s  o f  n e s t e d  s i e v e s  . -  a: 
m e a s u r i n g  32, 1 6 ,  8 ,  4 ,  a n d  2 mm, t h e  w e i g h t  o f  f r a g m e n t s  

+ 
i n  e a c h  s i e v e  was r e c o r d e d ,  a n d  e x c e p t  a f t e r  640 passages,  

r e t u r n e d  f o r  f u r t h e r  t r a m p l i n g .  The p a r t i c l e  s i z e  . 
i 

d i s t r i b u t i o n  o f  t h e  d e p o s i t  o f  e x p e r i m e n t  4 w a s  r e c o r d e d  
b 

I 
o n l y  a•’ t e r  640 p a s k l g e s .  

I n  t h e  S e r i e s  B e x p e r i m e n t s ,  e a c h  d e p o s i t  w a s  composed 
n 

. of a p p r o x i m a t e . l y  80% b l d  P r o t o t h a c a  s t a m i n e a  s h e l l s  ( o n e  
T 

year s i n c e  d e a t h ) ,  1 0 %  f r e s h  P r o t o t h a c a  s t a m i n e a  s h e l l s ,  7% 

V e n e r u p i s  j a p o n i c a  s h e l l s ,  a n d  3% M y t i l u s  e d u l i s  s h e l l s  ( b y  

w e i g h t ) .  L a r g e  f r a g m e n t s  ( i . e .  l a r g e r  t h a n  32 nun) a s  well . 
a s  c o m p l e t e  v a l v e s  were i n c l u d e d ,  The s h e l l s  t o  be 

t r a m p l e d  on  a n o n p e r m k a b l e ,  s h e l l  s u b s t r a t e  ( e x p e r i m e n t  5 

a n d  6 )  were  p l a c e d  on a bed  of a s s o r t e d  b r o k e n  s h e l l  i n  a n  

area m e a s u r i n g  30 X 30 c m .  A p o l y p r o p e l e n e  t a r p  was l a i d  



o v e r  t h e  s h e l l  bed  a c t i n g  a s  a s u b s t r a t e  +to p r e v e n t  m i x i n g  

w i t h  t h e  d e p o s i t  b e i n g  s t u d i e d .  The s h e l l s  t o  be t r a m p l e d  
, 

on. a p e r m e a b l e ,  loam s u b s t r a t e  ( e x p e r i m e n t s  7 a n d  8 )  were 

p l a c e d  i n  a n  area m e a s u r i n g  30 X 30 cm on a l e v e l  l o a m  ?% 

s u b s t r a t e .  ,The  s h e l l s  were  t h e n  s u b j e c t e d  t o  a . 
C 

p r e - d e t e r m i n e d  number o f  p a s s a g e s  ( i o e .  $00' o r  1 0 0 0 ) .  When 
/- 

t h e  t r a m p l i n g  was c o m p l e t e d ,  t h e  w e i g h t  o f  t h e  s h e l l  i n  t h e  

s i z e  r a n g e s  32-16 mm, 16 -8  mm, 8 -4  nun, and 4-0 mm were 

r,ecorded. - With r e g a r d  t o  t h e  s h e l l s  t r a m p l e d  on  t h e  loam 
\ 

s u b s t r a t e ,  t h e  t r a m p l e d  a r e a s  were  e by 2 c m  l e v e l s  
I 

t o  a d e p t h  o f  1 0  c m  a n d  t h e  w e i g h t  f r o m  e a c h  l e v e l  

r e c p r d e ? .  O b s e r v a t i o n s  were a l s o  & d e : o n . t h e  o c c u r i r e n c e  o f  
. <  

e d g e  d a m a g e , a n d  t h e  s e p a r a t i o n  o f  t h e  m i c r o s t r u c t u r a l  

l aye r s  o f  t h e  s h e l l  v a l v e s .  

RESULTS 

The c o m p l e t e  r e s u l t s  of t h e  t r a m p l i n g  e x p e r i m e n t s  a re  
- 

p r e s e n t e d  i n  Append ix  B.  F o u r  mm h a s  a r b i t r a r i l y  b e e n  

c h o s e n  as t h e  bes t  s i z e  t o  i l l u s . t r a t e  s h e l l  f X a g , m e n t a t i o n  i 
as a f u n c t i o n  o f  t r a m p l i n g  i n  t h e  T a b l e s  a n d  F i g u r e s .  

S h e l l  F r a q m e n t a t i o n  

The series A e x p e r i m e n t s  - c l e a r l y  d e m o n s t r a t e  

v a r i a b i l i t y  i n  p a r t i c l e  s i z e  r e d u c t i o n  a c c o r d i n g  t o  s h e l l  
i 

s p e c i e s  a n d  t h e  number o f  t r a m p l i n g  p a s s a g e s .  A f t e r  a l l  

t h e  t r a m p l i n g  p a s s a g e s ,  o n l y  61% ( b y  w e i g h t  1 o f  p u r e l y  





Saxidomus g i g a n t e u s  

+ ,  

3 2 -  16 16 - 8 8 - .4 4 -2 2 -0. 

Particle S i z e -  (mm. ) 
J 

/ 
L 2 

Figure 3. Shell Particle S i z e  Distribution, 
S e r i e s  .A Experiments.  Pe rcen tages -were  
recorded after 640 t rampl ing  passages  on 
separate deposits o f  Mytilus e d u l i s ,  - 
P r o t o t h a c a  staminea and Saxidomus ' g igan teus .  -' 

b 



: i lyt i lus e d u l i s  

32 0 

Trampa ing Passages . 

F i g u r e  4 .  3 a t e  of  S h e l l  Fragmemtation ,- 
Curinq Trampling. Percentages were 
r e z w d e 5  o n  s e p s r a t e  d e p o s i t s  of ) ! ~ t i l ~ ; g  

- e h l l s ,  r r ~ t o ~ ? , s c a  staminea and Saxidoxws 



Table 8. Shell Fragmentation as a Result of  Trampling, . b .  * 

Series B Experiments. ?. , -.. 

Exper iment .No. of  Substzate Per ge of 
No. Passages ' She tained 

by sieves of - 
4 mrn and larger 

I ' 100 . shell 

shell 



Table 9. Shell Displacement as a Result o f  Trampling , 

P e r c e n t a g e  of  Shell R e c o v e r e d  
i 

Depth Exper iment # ' ' 1 ;  E x p e r i m e n t  # 8;  . 
Below 

\ 1 0 0  P a s s a g e s  1 0 0 0  Passages 
surface > J 

I 



O v e r a l l ,  a r e l a t i v e l y  l o w  p r o p o r t i o n  o f  s h e l l  p a r t i c l g s  w a s  

d i , s p l a c e d  more t h a n  2 c m , '  I t  h a s  b e e n  e s t a b l i s h e d ,  

howev-er, t h a t  a t  l e a s t  o n e  p a r t i c l e  f r o m  e a c h  s i z e  r a n g e  

smaller t h a n  3 2  nun was d i s p l a c e d  b y  more t h a n  2 c m .  

d .  
" . 

d 

DISCUSSION 

T h e s e  expe; iments  p r o v i d e  some i n s i g h t  i n t o  t h e  e r f e c t s  

, of t r a m p l i n g  on s h e l l  d e p o s i t s ,  c o n t r i b u t ' i n g  t o  a n  

i n c r e a s e d  a p p r e c i a t i o n  o f  t h e  f a c t o r s  g o v e r n i n g  t h e  

, f r a g m e n t a t i o n  a n d  v e r t i c a l ,  d i s p l a c e m e n t  o f  s h . e l l s  i n  , .- 

a r c h a e o l o g i c a l  s i t e s .  I n  g e n e r ? l ,  t h e  r e s u l t s . i l l u s t r a t e  

t h a t  . a s  a f u n c t i o n  o f  human t r a m p l i n g ,  t h e  par.ticle, s i z e  

d i s t r i b u t i o n  o f  s h e l l s  is  d e p e n d e n t  on  b o t h  t h e  s p e c i e s  o f  
r, 

s h . e l l  a n d  t h e  number o f  t r a m p l i n g  p a s s a g e s .  F u r t h e r ,  some 

v e r t i c a l  d i s p l a c e m e n t  o f  s h e l l s  c a n  be e x p e c t e d  as  q r e s u l t  
3 

o f '  human t r a m p l i n g .  . 
$ 

The f r a g m e n t a t i o n  r e su l t s  a re  i n  a c c o r d  w i t h  t h e  , 

g e n e r a l  -_ n o t i o n  i n  s h e l l  middeln s t u d i e s  t h a t  t h e  d e g r e e  o f  
- Lz- 

s h e l l  f r a g m e n t a t i o n  r e f l e c t s  t h e  i n t e n s i t y  o f  human 

a c t i v i t y  on a s h e l l  d e p o s i t .  They  a l s o  s u p p 7 r t  t h e  
F ' / 

c o n t i . n t  i o n  t h a t  p a r t i c l e s  o n  permeable s u b s t r a f  es w i l l  be  
.- . -1-- 

less s u b j e c t  t~ f r a g m e n t a t i o n  t h a n  p a r t i d e s  o n  mbre 

r e s i s t a n t  s u b s t r a t e s  ( W i l k  a n d  S c h i f f e r  1 9 7 9 ) .  The r e s u l t s  
-?-- 

a r e  a l s o  c o m p a r a b l e  t o  a n  e x p e r i m e n t a l  s t u d y  o f  p o t s h e r d  

f r a g m e n t a t i o n ,  which  d e m d n s t r a t e d  c o n t i n u a l  r e d u c t i o n  i n  



s h e r d  s i z e  w i t h  c o n t i n u e d  t r a m p 1  i n g -  ( K i r k b y  and Ki1;kby 
2 - 1 

t 

1976). 

T,he v e r t i c a l  d i s p l a k e m e n t  o f  s h e l l  p a r t i c l e s ,  a s  - 

d e m o n s t r a t e d  i n  t h e  e x p e r i m e n t s ,  is i n  a g r e e m e n t  w i t h  t h e  

g e n e r q l  n o t i o n  i n  a r c h a e o l o g i c a l  s t u d i e s  t h a t  c o n s i d e r a b l e  

d i s p l k m e n t  o f  ' p a r t i c l e s  can o c c u r  a s  a r e s u l t  of  
1 

t r a m p l i n g ,  d e p e n d i n g  on  t h e  number of  t r a m p l i n g  p a s s a g e s  

a n d  t h e  p e r m e a b i l i t y  g f  t h e  s u b s t r a t e  ( e . g .  G i f f o r d  1 9 7 8 ) .  1'4 

' 

The f r a g m e n t a t i o n  results c l e a r l y  i l l u s t r a t e  t h e  
a. 

p o t e n t i a l  of  d ' i f f e r e n t i a l  r e c o v e r y  of  v a r i o u s  s p e c i e s  p f  
, 1 

I I 

s h e l l  i n  a r c h a e o l A g i c a 1  e x c a v a t i o n s ,  d e p e n d i n g  on * t h e  s i z e  

o f  s c r e e n  u s e d  d u r i n g  e x c a v a t i o n  a n d / o r  a n a l y s i s .  I n  t h e s e  

e x p e r . i m e n t s ;  f o r  e x a m p l e ,  o f  s h e l l s  s u b j e c t e d  t o  t h e  same 

number o f  t r a m p l i n g  p a s s a g e s  ( i . e .  6 4 0 1 ,  o n l y  6 1 %  of  ' 

M y t i l u s  e d u l i s  s h e l l s ,  as o p p o s e d  t o  9 3 %  o f  P r o t o t h a c a  

s t a m i n e a  s h e d l s  were  r e c o v e r . e d  by s i e v e s  m e a s u r i n g  4 mm a n d  

e r .  However, 88% a n d  98% of  M y t i l u s  e d u l i s  and 

s h e H s  r e s p e c t i v e l y  were  r e c o v e r e d  b y  
3% --- 

2 m a n d  l a r g e r .  The p r i m a r y  i m p l i c a t i o n  

of t h i s  c o n c e r n s  a s s e s s i n g  t h e  r e l a t i v e  a b u n d a n c e  o f  each 
* 

1 

s p e c i e s  of  s h e l l  i n  a d e p o s i t  a n d  i n f e r e n c e s  of t h e <  

c u l t u r a l  i m p o r t a n k & o f  e a c h  s p e c i e s  b a s e d  on a b u n d a n c e .  

The smaller t h e  screen s i z e s  u s e d  i n  e x c a v a t i o n  a n d  
- > 

a n a l y s i s ,  t h e  more a c c u r a t e  f h e  r e l a t i v e  p r o p o r t i o n s  o f L  
"- 

v a r i o u s  s h e l l  s p e c i e - $ a r e  l i k e l y  t o  b e .  



The fragmentation results mak be of further 
'a, C 

significance with regard to assessing the intensity of 

trampling activity on shell deposits.. It is impossible to 

reliably predict the exact number of tramgling passages 

which would be required to create observed particle size 
r 

distributions of shells in archaeological sites. Clearly, 

however, it can be expected that subjec,t to the same amount 
1 - .  

of trampling in similar environnients, relatively thin and 

weak shells, such as those of Mytilus edulis, will be 

reduced to a significantly'igreater degree than thicker and 

stronger shells of most clams, oysters, and .cbckles. 

Notwithstanding the limitations of experimental data, it 

can further be expected that in order to.create a deposit 

in which 50% or more of the shell is not retained by a 
L 

4 mm screen, a minimum of several thousand trampling 

'% 
passages would probably be required. 

Understandably, an expdicit consideration of t h ~  

simllarlty o f  the species of shell i n  deposlts ~1%-1 

increase confidence in interpretations of inter and 
cL 

intra-site variability in shell particle size 

distributions. One's confidence in interpetations of 

variability in parti-cle size distributions will also be 
-. - I 84 

increased if the permeability of substrates are compared. - 
1 

The fragmentat-ion results also indicate that edge 

damage to valves may occur as a result of trampling, as 



w e l l  a s  cu l ' a ra l  d e p o s i t i o n ,  a n d  t h e r e f o r e  is n o t  a 

r e l i a b l e  i n d i c a t o r  o f  p r y i n g  o p e n  l i v i n g  b i v a l v e s ,  a s  

s u q g e s t e d  b y  C l a r k e  a n d  C l a r k e  (1980). The f a c t  t h a t  t h e  
?'. \ 

n a c r e o u s  a n d  p r i s m a t i c  l a y e r s  o f  s e v e r a l  M y t i l u s  ' e d u l i s  

f r a g m e n t s  became s e p a r a t e d  as a r e s u l t  of  t r a m p l i n g  

i n d i c a t e s  t h a t  layer  s e p a r a t i o n  is n o t  n e c e s s a r i l y  t h e  
E - 

I 

r e s u l t  o f  c h e m i c a l  w e a t h e r i n g .  C l e a r l y ,  more k e s e a r c h  is 
# * 

n e e d e d  b e f o r e  t h e s e  c h a r a c t w . ~ ; $ i c s  of  s h e l l  f r a g m e n t s  may 

be u s e d  a s  r e l i a b l e  :'traces of  f o r m a t i o n  p r o c e s s e s .  

~ l t h o u g h  n o t  c l e a r l y  d e m o n s t r a t e d  i n  t h e  e x p e r i m e n t s ,  

i t  seems p r o b a b l e  t h a t ,  s u b j e c t  t o  c o n i i n u e d  t r a m p l i n g ,  3 

s h e l l s  w i l l  e v e n t u a l l y  b e , r e d u c e d  t o  a s i z e  where  no 
= n 

f u r t h e r  f r a g m e n t a t i o n  w i u  occur . '  A d d i t i o n a l l y ,  i t  is 
- *- 

l i k e l y  t h a t  t h i s  e c p i l i b r i u h  s i z e  w i l l  v a r y  a c c o r d i n g  t o  
\ 

s p e c i e s .  
b 

S i m i l a r l y ,  t h e  v e r t i c a l  d i s p l a c e m e n t  o f  s h e l l ,  p a r t i c l e s  

is l i k e l y  t o  cease a f t e r  a . c e r t a i n  number o f  p a s s a g e % ,  
r 

d e p e n d i n g  on t h e  p e r m e a b i l i t y  o f  t h e  s u b s t r a t e .  However, 
& 

t h e  r e l a t i v e l y  e l e m e n t a r y  s t u d y  o f  s h e l l -  - d i s p l a c e m e n t  i n  

t h e s e  e x p e r i m e n t s  d o e s  n o t  a l l o w  t h e  e s t a b l i s h m e n t  o f  
l * 

d e t a i l e d  p r i n c i p l e s  r e g a r q i n g  s h e l l  d i s p l a c e m e n t  aq a 

f u n c t i o t  :of  t r a m p l i n g .  
9 

/ 
T h e r e  a re  many v a r i a b l e s  o f  t r a m p l i n g  on s h e l l  wh ich  

r e m a i n  t o  be  a d e q u a t e l y  s t u d i e d .  F o r  e x a m p l e ,  t h e  w e i g h t  
I 

o f  t h e  p e r s o n  t r a m p l i n g ,  t h e  tyQe o f  f o o t w e a r  worn, 

7 8 



t h e  o r i e n t a t i o n  o f  v a l v e s , '  t h e  t h i c k n e s s  of  t h e  d e p o s i t s ,  
= 5 - 

- <  i n d  t h e  p r o p o r t i o n  of  she?ls t o  o t h e r  p a r t i c l e s  i n  t h e  
L 4 

d e p o s i t  a r e  u n d o u b t e d l y  i m p o r t a n t  v a r i a b l e s  a f f e c t i n g  a h e l l  
L 4 

f r a g m e n t a t i o n ,  y e t  t h e i r  p r e c i s e  e f f e c t s  a re  unknown. I t  

s ,hould  a l s o  be  a p p r e c i a t e d  t h a t  p r e v i o u s  s t u d i e s  o f  i 

t r a m p l i n g  s u g g e s t  t h a t  w a l k i n g  p r o d u c e s  a s i g n i f i c a n t l y  
3 

, g r e a t e r  f o r c e  on  s e d i m e n t s  t h a n  s t a n d i n g  a n d  wa lkkng  

d o w n h i l l  p r o d u c e s  a s i g n i f i c a n t l y l g r e a t e r  f o r c e  t h a n  

w a l k i n g  u p h i l l  (e .9 .  H a r p e r  e t  a l .  1961;  L i d d l e  1975;  

Weaver a n d  Dale 1 2 7 8 ) .  T h e s e  f a c t o r s  may p o t e n t i a l l y  b e  

i m p o r t a n t  i n  d e t e r m i n i n g  t h e  d i r e c t i o n  o f  human t r a v e l  on  

s l o p i n g   pathway,^ a n d  t h e  d e l i n e a t i o n  of a c t i v i t y  areas. 



CHAPTER 6 A CASE STUDY IN BIVALVE SHELL TAPHONOMY 
/ - - 

INTRODUCTION - 

In the prev jous chapters, the dynami.cs and 

archaeological implications of bivalve shel1,taphonomy have 
d 

been discussed. It is clear that many factors affect the 
/ 

sedimentary properties of bivalve shells during and,after 

their initial deposition in ar ogical sites, 'and the 
\ 

identification of Such fartors increase confidence in 

interpretations of s stratigraphy. So far, 
i 

however, discussions of bivalve shell taphonomy have been 

of a generally theoretical nature. Although I have 

attempted to relate the general principles of bivalve shell 

taphonomy and the data from the experiments t n  actual 

a, archaeological problems (e.g:the identification of shell 

midden fo~amation processes),. it would be useful t o  exg~irie 
> 

qctual shel). qidde,n deposits with'consideration of the 
' * 

taphonbmic factors outlined in previous che"ptprs. 

Accordingly, this chapter discusses the results of a 

taphonomic analysis of shells from two Northwest Coast 
. - I  - 

shell middens. Attention is-focussed on (i) the relative 
. if ' / 

proportion of shell to other clasts (by weight), (ii) the 

particle size distribution of shell, and (iii), the 
- 

'B 

relative proportion of individual shell species to each 

other (by-weight). Variability in these sedimentary , 



p r o p e r t i l e s  a re  examined  w i t h i n  one  column s a m p l e  f r o m  e a c h  
.t 

s i t e .  
. $  

t 

BACKGROUND 

Data u s e d  f o r  t h i s  ana lys i s  come f r o m  co lumn s a m p l e s  

t a k e n  f r o m  a r c h a e o l o g i c a l  s i t e s  D e R t  1 a n d  DeRt 2, 

known a s  t h e  P e n d e r  Canal s i t e s .  T h e s e  s i t e s ,  s e p a r a t e d  b y  

a p p r o x i m a t e l y  1 0  m e t e r s ,  a r e  l o c a t e d  o n  N o r t h  P e n d e r  P I s l a n d ,  i n  t h e  s t r a i t  o f  G e o r g i a ,  B r i t i s h  C o l u m b i a .  The . . 
e x c a v a t i o n  a n d  a n a l y s i s  of  D e R t  1 a n d  D e R t  2 is  a t h r e e  

year j o i n t  p r o j e c t ,  i n i t i a t e d  i n  1984 ,  b e t w e e n  Simon F r a s e r  

U n i v e r s i t y  a n d  &e B r i t i s h  ~ o l l i r n b i a  Her i tage  ~ o n s e r ' v a t i o n  

Branch ,  d i r e c t e d  b y  R .  L .  C a r l s o n .  C o m p l e t e  s i t e  
% 

d e s c r i p t i o n s  a n d  p r e l i m i n a r y  a n a l y s e s  c a n  b e  f o u n d  i n  t h e  
I. -. 

# 

r e p o r t  of  t h e  1984 e x c a v a t i o n s  ( & r l s o n  1 9 8 5 ) .  

The r e l a t i o n s h i p  o f  t h e s e  s i t e ' s  t o  e a c h  o t h e r  a n d  t h e  , 

f o r m a t i o n  of  t h e  d e p o s i t s  .are n o t  y e t  f u l l y  u n d e r s t o o d .  

However, b r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  t h e  tire s p a n  

r e p r e s e n t e d  by t h e s e  s i tes  d a t e s  f r o m  a p p r o x i m a t e l y  5 ,000 

years a g o  t o  t h e  h i s t o r i c  p e r i o d .  The main  p e r i o d  of  

- o c c u p a t i o n  of D e R t  1 o c c u r e d  b e t w e e n  2 ,600 a n d  400 B. P .  

a n d  t h e  main  p e r i o d  of  o c c u p a t i o n  o f  D e R t  2 o c c u r e d  b e t w e e n  
1 k ;> 

4,"000 a n d  2 ,500  B. P. Both  s i tes h a v e  a r e l a t i v e l y  large 
1 - P - 

p r o p o r t i o n  o f  s h e l l ,  a n d  e x c e e d  2.0 m e t e r s  i n  d e p t h  i n  

p o r t i o n s  o f  t h e  d e p ' o s i t s .  A d d i t i o n a l l y , .  bogh sites e x h i b i t  

a f a i r l y  complex  s t r a t i g r a p h y ,  b e i n g  composed of  nurnesbus 



s p e c i e s  o f  m o l l u s k  r e m a i n s ,  r o c k  f e a t u r e s ,  a r t i f a c t s ,  
+ 

t b o n e s ,  a n d  o t h e r  o r g a n i c  a n d  i n o ~ g a n i c  matter. -$ : 

One column s a m p l e  f r o m  e a c h  s i t e  p r o v i d e s  t h e  b a s i s  o f  P- 
p s  

t h i s  a n a l y s i s .  The column s a m p l e  f r o m  ~ e ~ t  l-was t a k e n  
s. 

w f r o m  o n e  o f  t h e  d e e p e s t  e x c a v a t i o n  u n i t s ,  r e a c h i n g  a d e p t h  
- 

of  2 . 8  meters b e l o w - t h e  g r o u n d  s u r f a c k  ( ~ x c a v a t i o n  U n i t  6 - 

8 N. ; 27 - 2 8  W) . The column s a m p l e  f r o m  D e R t  2 w a s  t a k e n ,  

f r o m  a n  e x c a v a t i o n  u n i t  r e a c h i n g  a d e p t h  o f  o n l y  . 7 0  meters 
4 

b e l o w  t h e  g r o u n d  s u r E a c e  ( , E x c a v a t i o n  U n i t  2 2  - 2 4  S.; 2 2  - - c - :. 
2,4 W.). 

The colgmn s a m p l e s  were  removed i n  a r b i t r a r y  1 0  c m  

l e v e l s ,  c o r r e s p o n d i n g  t o  t h e  l e v e l s  i n  which  t h e  u n i t s  were  
rl 

e x c a v a t e d .  I n  t o t a l ,  t h e r e  were  2 3  i n d i v i d u a l  s a m p l e s  f r o m  

- t h e  D e R t  1 column a n d  s e v e n  i n d i v i d u a l  s a m p l e s  f r o m  t h e  
* - 

DeRt 2 co lumn.  The s a m p l e  s i z e  w a s  b a s e d  on  volume,  

m e a s u r i n g  1 0  X 1 0  X 2 0  c m .  ' ,  5 

1 .  . I  4 

The s a m p l e s  were p r o c e s s e d  u s i n g  t h e  d r y  s i e v i n g  

t e c h n i q u e ,  a s  o u t l i n e d  b y  S h a c k l e y  ( 1 9 7 5 : 1 0 9 - 1 1 3 ) .  - A s  

h e a t i n g  s h e t l s  .&as b e e n  d e m o n s t r a t e d  t o  r e d u c e  t h e  
,1 :' r e s i s t a n c e  o f  s h e l l s  t o  f r a c t u r e  ( C u r r e y  19791 ,  t h e  s a m p l e s  - 

# 

w e r e  a i r - d r i e d  r a t h e r  t h a n  u s i n g  s t a n d a r d   technique.^ of  

d r y i n g  s e d i m e n t  s a m p l e s  i n  o v e n s .  IX o r d e r  t o  f u r t h e r  

r e d u c e  t h e  p o t e n t i a l  o f  s h e l l  b r e a k a g e ' d u r ' n g  s i e v i n g ,  most  - 3. > 
l a r g e  r o c k q a n d  s h e l l s  ( i . e .  l a rger  t h a n  5 . 6  mm) were 

removed f r o m  t h e  s a m p l e s  b y  h a n d .  The r e m a i n d e r  o f  e a c h  . * 



sample w a s  t h e n  m e c h a n i c a l l y  s h a k e n  t h r o u g h  a s e r i e s  o f c  
I 

n e s t e d  s i e v e s  m e a s u r i n g  5 . 6 ,  4 ,  2 ,  a n d  1 mm. T h e s e  are  
/ 

s t a n d a r d  m e a s u r e s  u s e d  i n  * p a r t i c l e  s i z e  a n a l y s i s  ( s h a c k l e y  I + ,  . , 

%h 

A l l  t h e  mater ia ls  i n  t h e  s i z e  c l a s s e s ' o f  l a r g e r  t h a n  

5 . 6  mm a n d  5.6 - 4 mm were s o r t e d  i n t o  t h e  c a t e g o r i e s  o f  , 

s h e l l ,  bone,  o t h e r  o r g a n i c  matter, a n d  r o c k .  Ten p e r c e n t  
i-i 

%. 4 

FI 

(by w e i g h t )  o f  t h e  materials i n  t h e  ;'\ze classes o f  4 - 2 
\ 

8 - 1  mm a n d  2 - 1 mm were  s o r t e d  i n t o  t h e  same c a t e g o r i e s .  ' The 

s h e l l  which would p a s s  t h r o u g h  t h e  5 . 6 . m  s i e v e  w a s  * 
f u r t h e r  s o r t e d  i n t . 0  t h e  s iz ,e  c l a s s e s  o f  l a r g e r  t h a n  1 6  mm, + 

2h " * 1 6  - 8 mm, a n d  8 - 5 . 6  mm. The material  smaller ah 1 mm 2 

d 6 

w a s  n o t  s u b j e c t  t o  a n a l y s i s . '  a: . 

Taxonomic i d e n t i f i c a t i o n  o f  a l l  s h e l l  mater ia l  l a r g e r  
3 P - , 

2 .  

t h a n  5.6 mm w a s  a t t e m p t e d .  I n  o r d e r  t o  e x a m i n e  

d i f f e r e n t i a l  r e c o v e r y  o f  s h e l l  a - df c o r d i n g  t o  mesh s i z e ,  

f u r t h e r  i d e n t i f i c a t i o n  o f  a l l  s h e l l  l a r g e r  t h a n  2 ilim was 

a t t e m p t e d  f o r  s e v e r a l  o f  t h e  s a m p l e s .  I t  is r e c o g n i z e d  

t h a t  t h e  s h e l l  o f  some m o l l u s k s ~  s u c h  a s  M v t i l u s  e d u l i s ,  

may be e a s i l y  i d e n t i f i a b l e  even when t h e  p a r t i c l e s  a r e  l e s s  
6 

t h a n  1 mm i n  s i z e .  I n  g e n e r a l ,  however ,  t h e  i d e n t i f i c a t i o n  

of  s h e l l  snbl ler  t h a n  5 . 6  mm is v e r y  t i m e  consuming ,  
B 

d i f f f e u l t ,  a n d  n o t  r o u t i n e l y  u n d e r t a k e n  i n  a r c h a e o l o g i c a l  
a 

s t u d i e s .  
- 

The w e i g h t  o f  mate'rial i n  e a c h  c a t e g o r y  a n d  s i z e  r a n g e  



, , t. w a s  r e c o r d e d  a n d  i t  is t h e s e  f i g u r e s  which  p r o v i d e  t h e  r 
iC 

basis  f o r  d e t e r m i n i n g  t h e  r e l a t i v e  p r o p o r t i o n s  of  s h e l l  t o  

o t h e r  c las ts ,  t h e  p a r  

s h e l l s ,  a n d  t h e  r e l a t  
8' 

S p e c i e s  t o  e a c h  . o t h e r  

as t h e  b e s t  s i z e  t o  i 

t i e l e  size d i s t = i b u t i o n s  of  t h e  

i v e  p r o p o r t i o n s  o f  v a r i o u s  s h e l l  

. F o u r  mrnhas  a r b i t r a r i l y  b e e n  c h o s e n ,  
0 

l l u s t r a t e  t h e  p a r t i c l e  s i z e  - - 
a, d i s t r i b u t i o n s  o f  s h e l l .  .6 

The raw d a t a  o f 4 & h e  a n a l y s e s  a re  p r e s e n t e d  i n  A p p e n d i x ,  
3 C e 

C. 

P r o ~ o r t i o n  o f  S h e l l  t o  O t h e r  ~ l a k t s  

The p r o p o r t i o n  o f  s h e l l  t o  o t h e r  c las t s  in, t h e  'column- 

s a m p l e  f r o m  D e R t  I g e a e _ g a l l y  f l u c t u a t e s  b e t w e e n  33% a n d  65% 

of t h e  t o t a l  s a m p l e  w e i g h t  ( F i g u r e  5 ) .  N o t a b l e  e x c e p t i o n s  

p c e u r  i n  t h e  t o p  1 0  c m  a n d  t h e  b o t t o m  40 c m ,  where  t h e  

p r o p o r t i o n  o f  s h e l l  t o  o t h e r  c l a s t s . r a n g e s . f r o m  10% t o  218 

o f  t h e  s a m p l e  w e i g h t .  

With  r e g a r d  t o  t h e  column s a m p l e  f r o m  ~ d < t  2, t h e r e  is [ 
a d i s t i n c t  d i f f e r e n c e  i n  t h e  p r o p o r t i o n  of  s h e l l  t o  o t h e r  

7' 
clasts  between t h e  t g p  4 0  c m ,  w h e r e , t h e  p r o p o q t i  d o f  s h e l l  

$ 

is r e - l k i & & : ' t a b l e ,  a r o u n d  6% or  7%, a n d  t h e  b o t t o m  3b 3 1 %  
I 
\ 

em, where  t h e  p r o p o r t 4 o n  o f  s h e l l  f l u c t u a t e s  b e t w e e n  4 2 %  b. -* . 1 
I 





U
N

IT
 

6
-8

 N
. 
;
 
2

7
-2

8
 
W.

, 
D

eR
t 

1
 

%
 S

h
e

ll
 L

a
rg

e
r 

T
h

an
 4

 
m

m
. 

x,i
 

Y
i
g
u
r
e
 
6.
 
P
a
r
t
i
c
l
e
 
S
i
z
e
 ~

i
s
t
r
i
b
u
t
i
o
n
 o
f
 
S
h
e
l
l
 
i
n
 

E
x
c
a
v
a
t
i
o
n
 U
n
i
t
s
 

6
-

8
'

~
~

;
 

2
7

-2
6

 
W.
, 

~
e

~
t

 
1 
an
d 

2
2
-
2
4
 s

.;
 

2
2
-
2
4
 W
.
,
 D
e
R
t
 
2
.
 
S
h
e
l
l
 
P
a
r
t
i
c
l
e
s
 
s
m
a
l
l
e
r
 
t
h
a
n
 1

 
mm

. 
'w

e
re

 n
o
t
 
i
n
c
l
u
d
e
d
 
in
 
a
n
a
l
y
s
i
s
.
 



'a 

P a i P z t i c l e  Size D i s t r i b u t i o n  

I n  g e n e r a l ,  a p p r o x i m a t e l y  50% o f  t h e  s h e l l  ( b y  w e i g h t )  

i n  b o t h  s i t e s  is l a rge r  t h a n  4 mrn ( F i g u r e  6 ) .  N o t a b l e  I 

e x c e p t . i o n k  o c c u r i n  t h e  t o p  1 0  c m  l e v e l  i n  t h e  c s l u m n - f r o m  

D e R t  1, i n  w h i c h  79% o f  t h e  s h e l l  i s  l a r g e r  t h a n  4 mm, and 

t h e  p o r t i o n  o f  t h e  same u n i t  f r o m  1 . 5  t o  2 . 0  m e t e r s  b e l o w  

t h e  g r o u n d  s u r f a c e ,  i n  w h i c h  t h e  p e r c e n t a g e  o f  s h e l l  l a r g e r  

t h a n  4 rnm f l u c t u a t e s  b e t w e e n  26% a n d  38% o f  t h e  s a m p l e .  

The p e r c e n t a g e ' o f  s h e l l  l a rge r  t h a n  4 mm i n  a l l  o t h e r  

' sanples f r o m  t h e  D e R t  1 co lumn  a n d  e v e r y  s a m p l e  f r o m  t h e  
r 

D e R t  2 co lumn  is b e t w e e n  37% a n d  65% o f  t h e  s a m p l e .  

R e l a t i v e  P r o p o r t i o n o f  S p e c i e s  

As i l l u s t r a t e d  i n  F i g u r e  7 ,  t h e  d e p o s i t s  a re  l a r g e l y  

h e t e r o g e n e o u s ,  a l t h o u g h  t h e  r e l a t i v e  p r o p o r t i o n s  of e a c h  

s h e l l  s p e c i e s  d o  v a r y  w i t h i n -  t h e  c o l u m n s .  R a r e l y  d o e s  on9 

s p e c i e s  o f  s h e l i  a c c o u n t  f o r  more t h a n  50% o f  t h e  t o t a l  

s h e l l  w e i g h t  i n  a s a m p l e .  The p r e d o m i n a n t  s p e c i e s  of  s h e l l  

t h r o u g h o u t  t h e  d e p o s i t s  i n c l u d e  t h e  b i v a l v e s  P r o t o t h a c a  

s t a m i n e a  ( n a t i v e  l i t t l e n e c k  c l a m ) ,  C l i n o c a r d i u m  n u t t a l l i  
a, 

( b a s k e t  c o c k l e ) ,  M y t i l u s  e d u l i s  ( e d i b l e  m u s s e l  ) ,  Sax idomus  
" 

- " g i q a n t e u s  ( b u t t e r c - L a m ) ,  and  S c h i z o t h o e r u s  c a p a x  

( h o r s e c l a m ) .  S h e l l s  o f  w h e l k s  ( T h a i s  s p p . ) ,  b a r n a c l e s  

( B a l a n u s  s p p . ) ,  c h i t o n s ,  l i m p e t s ,  c r a b s ,  a n d  s e a  u r c h i n s  

a r e  a l s o  p r e s e n t  i n  t h e  d e p o s i t s .  ~ i f • ’ e r & t i a l  r e c o v e r y . o f  

v a r i o u s  s h e l l  s p e c i e s  a c c o r d i n g  t o  s c r e e n  s i z e  is 
- 

i l l u s t r a t e d  i n  F-i-gure 8 .  - 



UNIT 6-8 N.; 27-28 W., DeRt 1 

$ Protothaca $ Clinocardium $ Saxidornds 
s taminea 1 nuttalli I aiganteus 

, % Thais ' 

' SPP. 
; Unidentified 

b 

UNIT 22-24 S.1 22-24 W., CeRt 2 
-p 9 

%Mvtilus 5 Pro%othaca $ Clinocardium $ saxidamus 5 Thais , % Unidentified 
I / steminea ' / nuttalli I giganteus I spp. j and Other ~ a x a  - 

Figure 7. P r o p o r t i o n s  of  Various S h e l l  
Taxa in Excavat ion Units 6-8 N.; 27-28 W.,  
DeRt I and 22-24 S. ; c 2 - 2 4  W., DeRt 2. 
Percentages based on 11 s h e l l  p a r t i c l e s  
larger t h a n  5.6 rnm. from column samples. 



Sieve Size (mm. ) 

/? 

Figure '8. The Recovery of Various Shell 
Taxa According to Screen Size from Levels 
1-5 (0-50 cm. D . 3 . S . ) .  Excavation Unit 
22-24 S.; 22-24 W., DeRt 2. L < 

,", 



In general, the column samples can be described as 
t .- : ' 

being composed of a relatively high proe~rtion of shell to 
0 s- * 

other clasts, representing several different species of 
- - 

=; 
animals, and exhibiting ,extensive fragmentation. A notable 

i 

exception occurs in the top 40 cm of the DeRt 2'column, in 

which the proportion of shell to other clasts is relatively 

low. 

There is no clear relationship between the abundance of 
4 

X 

shell, the ,particle size distribution of shells, and the 

relative proportions of the various species of shell in the 

column samples. However, some of the observed phenomena 

can be explained with consideration of taphonomic factors 

outlined in previous chapters. 

One factor which may explain7 the reduction of total 
v >-- 

shell abundance in the bottom levels of the DeRt 1 column 
- - 

is increased water percolation. As pointed out in Chapter 

3, 'primary agents of chemical weathering of shells are the 

acids in percolating waters. Researchers <can expect, 
L -  

therefore,, that an increase in groundwater percolation' will 

-' increase the rate of chemica3 weathering and ultimate 

removal af the shell. This expectation is supported by the 

fact that the distinct reduction in the proportion of shell 
I 

to other clasts below 2.4 meters in the DeRt 1 column is 



i 

a s s o c i a t e d  w i t h  s e d i m e ' n t s ,  \ w h i c h  i n  f i -e ld  n o t e s ,  were 

d e s c r i b e d  a s  v e r y  w e t .  The r e a s o n  why t h e s e  b o t t o m  l e v e l s  

were s o  much wetter t h a n  t h e  o v e r l y e n g  s e d i m e n t s  is b e c a u s e  

t h e y  w e r e  t s l o w  t h e  h i g h  t i d e  mark,  as w a s  e v i d e n t  b y -  
d 

b 3  
r e p e a t e d  f  l r , o d i n g  o f  t h e  e x c a v d t i o n  u n i t s  d u f i i n g  h i g h  

f 

t i d e .  A c c o r d i n g l y ,  i t  would  be  d i f f i c u l t 4 0  r u l e  o u t  
", ' 

i n c r e a s e d  whter p e r c o l a t i o n  A s  c a u s i n g  t h e  s h a r p  d e c l i n e  i n  

s h e l l  a b u n d a n c e  b e l o w  2 . 4  m e t e r s .  I t  is r e c o g n i z e d , h o w e v e r ,  

t h a t  t h e  c h e m i c a l  w e a t h e r i n g  o f  s h e l l  m i d d e n s  is a v e r y  

c o m p l e x  p r o c e s s ,  n o t  y e t  f u l l y  u n d e r s t o o d .  *% 

2 

The r e l a t i v e l y  s t a b l e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  
- ?  

s h e l l  i n  6 0 t h  s i t e s  ( i . e .  a p p r o x i m a t e l y  50% o f  t h e  spel l l  

l a r g e r  t h a n  4 n m  a n d  50% o f  t h e  s h e l l  4 - 1 m m )  c a ~ - b e  . 
i 

a t t r i b u t e d ,  i n  p a r t ,  t o  t h e  h e t e r o g k n e o u s  compos i t iod-s ' f  
t. ,iJ 

t h e ' d e p o s i t s .  However ,  t h e  f a c t  t h a t  s u c h  a l a r g e  
t. *=- 

P < 

p r o p o r t i o n  of  s h e l l  w a s  n o t  r e t a i n e d  b y  t h e  4 mm s i e v e  

r e q u i r e s  some e x p l a n a t i o n .  As . o u t l i n e d  i v  p r e v i o u s  

' c h a p t e r s ,  t a p h o n o m i c  a g e n t s  o f  s h e l l  f r a g m e n t a t i o n  w h i c h  

d e s e r v e  c o n s i d e r a t i o n  i n  a r c h a e o l o g i c a l  r e s e a r c h  i n c l u d e  

t h e  w e i g h t  o f  o v e r b u r x e n ,  t h e  i n i t i a l  c u l t u r a l  d e p o s i t i o n  

o f  s h e l l ,  a n d  human t r a m p l i n g  on  s h e l l  d e p o s i t s .  , 

With  r e g a r d  t b  t K e P w e i g h t  o f  o v e r b u r d e n ,  i t  is u n l i k e l y  

t h a t  t h e  w e i g h t  w a s  s u f f i c i e n t  t o  be  a m a j o r  f a c t o r  o f  



s h e l l  f r a g m e n t a t i o n .  As s u g g e s t e d  i n  C h a p t e r  3 ,  t h e  w e i g h t  . 

of o v e r b u r d e n  is n o t  l i k e l y  t o  d  d t l y  c a u s e  s h e l l  

b r e a k a g e  i n  s h e l l  middens u n l e s s  t h e  o v e r b u r d e n  is a t  leas t  

1 meter t h i c k .  T h i s  c l e a r l y  r u l e s  o u t  t h e  w e i g h t  of  

' o v e r b u r d e n  as  a p r i m a r y  a g e n t  o f  f r a g m e n t a t i o n  i n  t h e  D e R t  

2 column, w h i c h  was o n l y  . 7 0  meters d e e p .  + F u r t h e r ,  i f  

o v e r b u r d e n  were a ma jo r  f a c t o r ,  one would e x p e c t  a n  

i n c r e a s e  i n  t h e  p r o p o r t i o n  of  p a r t i c l e s  l e s s  t h a n  4 mm w i t h  

i n c r e a s i n g ,  d e p t h .  No s u c h  c o r r e l a t i o n  e x i s t s  i n  e i t h e r  

d e p o s i t .  

The  c u l t u r a l  d i s c a r d  e x p e r i m e n t s  r e p o r t e d  i n  C h a p t e r  4 

i n d i c a t e  t h a t  a l t h o u g h  s h e l l  f r a g m e n t a t i o n  d o e s  o c c u r  

d u r i n g  i n i t i a l  d e p o s i t i o n  of  s h e l l s  a s  r e f u s e ,  i t  g e n e r a l l y  

r e s u l t s  i n  r e l a t i v e l y  minor  s h e l l  b r e a k a g e  a n d  t h e  

f r a g m e n t s  remain  f a i r l y  l a r g e .  I t  is u n l i k e l y ,  t h e r e f o r e ,  

t h a t  t h e  l a r g e  p r o p o r t i o n  o f  s h e &  l e s s  t h a n  4 mrn c a n - b e  

e x p l a i n e d  s o l e l y  as  a r e s u l t  o f  c u l t u r a l  d i s c a r d  b e h a v i o u r .  

The t r a m p l i n g  e x p e r i m e n t s  r e p o r t e d  in .  C h a p t e r  5 

i l l u s t r a t e d  t h a t  v e r y  i n t e n s e  t r a m p l i n g  would be r e q u i r e d  

t o  reduce s h e l l s  t o  t h e  p o i n t  whe re  r o u g h l y  h a l f  o f  t h e  

t o t a l  s h e l l  w e i g h t  would n o t  be  r e t a , i n e d  by 4 mrn s c r e e n s .  

C l e a r l y ,  t r a m p l i n g  c a n n o t  be r u l e d  o u t  a s  t h e  p r i m a r y  a g e n t  

of  s h e l l  f r a g m e n t a t i o n  i n  D e R t  1 o r  D e R t  2 .  However, i f  

t r a m p l i n g  was t h e  p r i m a r y  a g e n t  of  f r a g m e n t a t i o n ,  t h e n  i t  

must have  been  v e r y  i n t e n s e .  F u r t h e r ,  t h e  r e l a t i v e l y  



9 

little 'variation in shell particle size throughout the 

dedths of the columns may be interpreted as.resulting from 
1 

fiairly constant tramp1ing"throughout the depositional 

history of the deposits. It is recognized, however, that 

the arbitrary 10 cm,. levels in which the samples were taken 
I*/ 

' m&y obscure the results ( i .e. discrete layers of shell 

exhibiting significantly different particle size 

distributionsemay be mixed in the samples). 

With regard to the relative proportion of species in 

the deposits, Figure 7 illustrates t n l t  shells of Mytilus 

edulis are generally less dominant than shells of 

Protothaca staminea, Saxidomus qiqanteus, and Clinocardium 

dutfalli. Before researchers may explain such a phenomenon 

.in, germs of the relative cultural importance of each 
B 

.2 

species, it is worth considering the possibility of 

differential rates of recovery. 

As outlined in previous chapters, due to differences in 

the overall composition and structure of shells of various 

-- 
bivalve mollusks, differential rates of recovery can be 

expected. In particular, it was found in the trampling 

expetiments that shells of Mytilus 

size to a much greater degree than 

stdminea and Saxidomus qiqanteus. 

edulis were reduced in 

shells of ~rotothaca ' 

Further, as outlined in 

Figure 8, the proportion of Mytilus edulis shells to other 

shells in the samples generally increases with decreasing 



b' 3 - 1 .  

sieve size. Accordingly, the observation that among,all *, 

-"-- " 
shell particles larger than 5.6 mrn, Mytilus edulis shells 

-. ---r._ 
.^Y_** 

comprise a significantly small.er proportion of the samples 
.i ' 

than - the shells of Protothaca staminea, Saxidomus 

qiqanteus, . and other species can be p r e y  explained by 

fact that a larger percentage of_M~tilus:edulis shells 

passei tnrough the 5.6 mm sieve. 

' With further~re~ard to the proportion of various- 
I 

4 

species in the deposits, differentqal rec very resulting 
A 4 

from differential rates of chemical weathering,should be 

considered, As noted in Chapter 3, 'small and thin shells 

can generally be expected to dissolve at a faster rate than 

bigger and thicker shells. The shells of Mytilus edulis" 

are generally smaller and thinner than the shells of other - 

bivalve mollusks found in the deposits. Accordingly, 

differential rates of chemi-cal weathering, with Mytilus 

edulis shells being the most rapidly dissolved, may 

-partially explain the relatively low proportion of Mytilus 

- edulis shells in the deposits. , 

In conclusion, it is recognized that samples taken in 

arbitrary levels may obscure the results and reduce 

confidence in interpretations of sedimentaryproperties in 

column samples. Ideally7 researchers should take a sample . 
1 - 

of each discrete layer in the deposit. Accordingly, the + 

value of this chapter lies not so much in the empirical 



results of the analysis as in its illustration of how an 

\understanding of bivalve shell taphonomy can. be used-in * .  

archaeological research, particularly with regard to v L 

interpretations of the proportion of shell to other clasts, 

the pafticle size distribution of shells, and the relative* 

proportion of various. shell species to each other. 



- 
CHAPTER 3'. CONCLUSION 

she311 midden archaeology has been lar'gely devoid of 

middle-range research. This thesis partially fills tt-fis 

voi6 by examining the taphonomy of bivalve mollusk shells 
,.. 

in archaeo1,ogical sites-. Attention is focussed on shell 

orientation, fragmentation, disarticulation, vertical 
* 

' displacement, and chemical weathering. 
h --.- _ $' 

Some useful data and insights involving the dynamics' 
\ 

, and archaeological impl3cat5o'ns of bivalve. shell tap,hbonomy 

P_~-- .are gleaned from previous studies of bivalve shells and 

ofiginal experiments invoiving the c u l t u k  deposition of .; 

shells and human trampling on shell deposits. The 

principal results of the "research indicate that upon 

initial deposition of shells as secondary refuse, single 
4 n, 

valves will tend .to be oriented concave--side up, a 
.;c 

substantial proportion of articulated valves will become 

disarticulated, and some ftagntentati~n'ma~ occur. ~urthe;: 

subject to human trampling, shells of various species will 
. - 

be red,uced at different rates and in order to create 

deposits of highly fragmented shell (i.e. 50% or more of 

the shell is not retained by 4mm mesh), trampling would r' 

gengrally have to be very intense. It is also-important to 

note that differential chemical weathering of shells 

depends on the species and size of'the shell-as well as the 

amount of water percolation in the sediments. 



The value of undegstanding bivdlve shell taphonomy ,,can 
?. 

b$ expressed with regard to (i) ihkreasing confidence i d  
r 

1 - - -  ,? 
archaeological inferences bas'~d~~n,sheilanalysis, ( i i )  the 

I 
identification of actiGity areaq, bnd ( i i i )  assessing the 

! 
'7 

integrity of shell middens. i 
rl 
'I 

As outlined in Chapter 2, sheil analysis is commonly 
i # 

used in support of behavioural ar$ J environmental 
i 

inferences. Examples include us 1 ng the speaes of shell in 
1 

the deposits to make inferences of variability in the ,human 

diet and @he characterisFics of galaeo-shorelines, and 
\ '< I 

- 

using changes in the relative abundance of shell to make 
,G-#."*.+ inferences about cultural or environmental changes. It ,.' 

P '  

should be appreciated that an understanding of bivalve 

shell taphonomy will allow researchers to more confidently 

assess whether the t-ypes and propoqtions of shells in the . 
\ *  

deposit have been biased by such factors as differential 

rates of f ra,gmentation and/or chemical weathering . 
With regard to the identificqtion of specific activity 

areas, knowledge of shell orientafion, disarticulation, and 

fragmentation may be useful. A de'posit in which the 

majority of valves are oriented concave-side up is probably 
> 

representative of an area which has been subject to rapid 
ea 

accumulation of sediments and little post-depositional 

disturbance, such as a secondary refuse deposit. 

Similarly, rapid shell burial, with no extensive 



' 4 a 
*'+ 

3 ,. . * 

disturbance, may also be indicated by the presence of 
A" 

articulated valves. As demonstrated in the experiments, 
-7 

deposits of highly fragmented shell have -likely been* ' 

c'subject to very intense human trampling, such as may occur 
* f  

on hou~eflodrs or trails. Conversely, relatively minor 

fracjmentation may result frorn'intermittent trampling, the 
;. . 

m 

initial deposition of shells, or the weigh@*of overburden, 

such as may occur in secondary refuse deposits. 

W h  regard to asFessing the integrity of shell 
", *.< li 

middens, anpundel;standing of valve disarticulation and 

orientation may be useful. Clearly, the presence of 
% 

articulated valves in a deposit is indicative of relatively 

minor disturbance by physical and chemical agents. 
, 

~ i m i l a r l ~ ,  a dominantly concave-side up orientation of 

single valves may be 'indicative of minor disturbance. 

Evidently, the dynamics and archaeological implications 
\ 

of bivalve shell taphonomy are still not fully understood. 
* 

This thesis represents only an initial attempt at examining 
;r 

t h e  taphonomy of bivalve shells in archaeological sites, 

and the value of the research is restricted by several 

theoretical and'methodological problems. Prominent 

problems include: 

1. The fact that experimental conditions are oever exactly 

duplicated in actual sites. - - 



2. A l a c k , o f  understanding of the effects various 

sedimentary properties of shell have on each other. 
- 

For exafiple ,  there have been no previous studies of how 

6 '  
chemical weathering affects shell fragtnentat&on and 

disart iculation, how t.he orientation of shells may - 

affect their fragmentation, or how the size of shell' 

particles may a•’ fect their vert icaf displacement .. 
3. A lack of established criteria for distinguishing 

between the effects of various taphonomic agents. For 

example, there ,- has been no research directed toward 
L 

identifying how the morphology of shell particles may 

reflect specific agents of fragmentation, such as f 
. ,  

trampling versus the weight of overburden.. 

4. The considerable time required to record the 

sedimentary properties of shell, aLnd I 

I 

'5. The fact that for recording shell orie,ntati'on, 

disarticulation, and vertical displacement in a simple 
-, 

manner, large shell fragments or complete valves are a 

generally required. k, 

The- main conclusion of the research is that, despite . 
theoretical and'methodological problems, accurate c-f$ 

interpretations of shell midden stratigraphy depend on an 

appreciation of .the behaviour of shells as sedimentary 

particles. Further, excavations and sampling should be 

conducted in a banner conducive to u~derstanding~shell 



midden f o r m a t i o n  p r o c e s s e s  ( e . g .  i s o l a t i o n  o f  d i s c r e t e  

l a y e r s )  a n d  a n  e x p l i c i t  c o n s i d e r a t i o n  o f  b i v a l v e  s h e l l  

taphonomy s h o u l d  be  a f u n d a m e n t a l  s t a g e  of  s h e l l  midden  

a n a l y s i s .  
' 1  

T h i s  t h e s i s  p r o v i d e s  a n  i n i t i a l  a r c h a e o l  6 g i c a l  
*' 

i n v e s t i g a t i o n  o f  t h e  d y n a m i c s  a n d  i m p 1 i c a t i d h s  of b i v a l v e  

s h e l l  taphonomy.  H o p e f u l l y ,  t h e  r e s e a r c h  w i l l  m a k e  
C 

a r c h a e o l o g i s t s  aware o f  i i c t o r s  which  may b i a s  s h ' e l l  -- 
4 

a ' s s e m b l a g e s  d u r i n g  a n d  a f t e r  t h e  i n i t i a l  d e p o s i t i o n k  o f '  

s h e l l s  as  r e f u s e ,  a n d  s t i m u l a t e  i n t e r e s t  a n d  f u t u r e  

research on t h i s  t o p i c .  



APPENDIX A. RESULTS OF DISCARD EXPERIMENTS 

The following tables present raw data of the discard 

experiments. See t e x t  for a complete description of the 
P 

research design. 



T a b l e  1 0 .  O r i e n t a t i o n  R e s u l t s  o f  D i s c a r d  E x p e r i m e n t s .  Due TT 

t o  s h e l l  b r e a k a g e  and  r e c o r d i n g  e r r o r ,  t h e  
o r i e n t a t i o n  of  alL v a l v e s  w a s  n o t  r e c o r d e d .  / 

SHELL ORIENTATION 
4 

SINGLE VALVES ART1 CUGATED VALVES, 
Exp .  concave-  concave-  hap- gape-up  gape-  s i d e -  
No. s i d e  up side h a z a r d  down ways 

down 'I 

T o t a l  



Table 11. Disarticulation Results of Discard Experiments 
I 

Experiment Number of Articulated Number of Articulated 
No. Pairs of Valves Before Pairs of Valves After 

Discard Discard ,* 

T o t a l  



Fragmentat ion Results of f isc card Experimentd- 
i 

% 

Original Number Number --of Valves.Reduced ' 

No. of Valves by More Than One-half 
*Their Original s i ~ e  

.4 

1 

T o t a l  



r P a  

P- 
APPENDIX B .  R E S U L T S  OF TRAMPLING EXPERIMENTS 

The following tables present raw data of U l e  trampling 

experiments. See text for a complete description of the 
* 

research design. 



Table 13. Particle Size Distribution of Shell After 640 
4 Trampling Passages, Series A Experiments. 
J .  

*, Weight of Shell (grams) 
-- - 

Particle beposit 1 Deposit 2 Deposit 3 
Size Saxidomus Protothaca Myt i lus 

qiqanteus s taminea edul is 

9 

T o t a l  



~ab*le 14'. Shell Particle S i z e  Reduction During TrappJing4; , - 
Series A Experiments . i - - ' x z  4 -  

I 
w 

,.c 

Weight of Shell (grams) Retained by Y 

Sieves of 4 mm and Larger 

No. of Saxidomus Protothaca Myt i lus Mixed 
Tramp1 ing qiqanteus s tami nea edul is 
Passages 



Table 15. Particle Size Dibtribution of S h e l l  After . 

~ r a r n ~ l i n ~ ,  Series B Experiments . 

Weigh t  of S h e l l  (grams) 
P a r t i c l e  Exp. 5 Exp. 6 Exp. 7 Exp. 8 
S i z e  

. T o t a l  ' 685 
* .  



Table 16. Vertical Distribution of Shell After Trampling, 
Series B Expe,r iments . 

Ex~eriment 7 
(100 Trampling Passages) 

Weight of Shell (grams) 
Depth Below 
Surface 0-4rnm 4-8mm 8-16mm 16-32mm 32mmt Total 

T o t a l . " ,  14 143 345 1 7 6  

*' 

Experiment 8 
(1,000 Trampling Passages) 

Weight of ~ h & l l  (grams) 
Depth Below 
Surf ace 0-4m.m 4-8mm 8-16mm 16-32mm 3 2 m t  Total 



". 

V 
% 

,., 

APPENDIX C. RESULTS OF COLUMN SAMPLE ANALYSES FROM DeRt 1 

and DeRt 2 
- 



 able 1 7 .  Bulk  C o m p o s i t i o n  of  Column Sample f r o m  
Excava t ' i on  U n i t  6-8 N . ;  2 7 - 2 8  W . ,  D e R t  1. 

V 

" Depth  Weight  o f  C o n s t i t u e n t s  ( g r a m s )  
Below 
Surf  ace S h e l l  Bone O t h e r  Rock R e s i d u e  Total 
( c m )  O r g a n i c  Less t h a n  

1 mm . 
.- 

*?', 



* 

" Table 17 (continued) &- a 

i: 

Depth Weight 03 Constituents (grqms) 
Below 
Surface *Shell Bone Other Rock ~ e s j t f u e  Total 
+c m 1, =3 Organic --Less than 

I: mm 



T a b l e  18, Bulk Composition of Column Sample f rom 
E x c a v a t i ~ n  U n i t  22 -24  S,; 2 2 - 2  W., DeRt 2 .  

Depth  Weight  of C o n s t i t u e n t s  (grams) 

'i - Below 
S u r f a c e  s h e l l R  Bone O t h e r  Rock R e s i d u e  Total 
(cm) Organ i c  Less  t h a n  

T o t a l ,  , 3154 3 4 3 6  5 1 4 9  3 8 5 8  



Table 19. Particle S i z e  Distribution of Shell in Column 
I Sample from Excavation Unit 6-8  N.; 27-28 w., 

/ ' 
Depth 
Below 
Surface Over 2-lmm Total 
(cm) 16mm I / .  

/ 



Table 19 (continued) 
1 

Depth Weight of  Shell (grams)  
Below 
Surface Over 16-8rnm 8-5.6mm 5.6-4mm 4-2mm 2-Imm T o t a l  
(cm) 16mm 

T o t a l  1 3 8 9  3197 1584 2041 5 0 3 2  3887 17130 



Table 20. Particle Size Distribution of Shell in Column 
Sample from Excavation Unit 22-24 S.; 22-24 W., 
DeRt 2 

Depth Weight of Shell (grams) 
Below ., 
Surface Over 16-8mm 8-5.6mm 5.6-4mm 4-2mm 2-lmm Total 

16mrn (cm) 

Total 4 6 8  



a3 
crl 



T
a
b
l
e
 
2
1
.
 

4
c
;
n
t
i
n
u
e
d
)
 

D.
B.
S.
 

M
y
t
 i
 l
u
s
 

~
l
i
n
o
c
a
r
d
i
u
m
 

S
c
h
i
z
o
t
h
o
e
r
u
s
 

B
a
l
a
n
u
s
 

U
n
i
d
e
n
t
i
f
i
e
d
 

(
a
n
)
 

e
d
u
l
i
s
 

c
a
p
a
x
 

S
P

P
- 

n
u
t
t
a
l
l
i
 

P
r
o
t
o
t
h
a
c
a
 

S
a
x
i
d
o
m
u
s
 

T
h
a
i
s
 

O
t
h
e
r
 

T
o
t
a
l
 

s
 t
a
m
i
n
e
a
 

q
i
g
a
n
t
e
u
s
 

S
P

P
. 







Table 23. Particle S i z e  Distribution of Various 
Invertebrate Shells in Levels.1-5 (0-50 cm - 
D.B.S.) in Column Sample from Excavation Unit 
22-24 S.; 22-24 W., DeRt 2 

Weight of Shell (grams) 
Taxon Larger than 5.6-4 mrn 4-2 rnm Total 

5.6 mm 

Mytilus edulis 11 33 147 191 
\ 

Protothaca staminea 135 1 2  9 1 5 6  
s 

15 
3 +  

Clinocardium nuttalli 4 9 28 
I 

.% 

Saxidomus qiqanteus , 2  0 - - 2-0 
4 * 

Schizothoerus capax 4 - - 4 

Thais spp. 77 8 - 8 5 

Balanus spp. 

Other 

Unidentified 

Total 401 129 3 7 6 906 
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