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B r i t i r i y  in 1931  with respect  t o  the Yucatan pen insu la  

G u s t a v  Stroasvik n o t e d  t h a t  maize g r i n d i n g  stones, of aetates, 

had f a i l e d  t o  receive their d u e  share of a ttention i n  s p i t e  of 

t h e  fact t h a t  they are  and were t h e  most important item of 

h o u s e h o l 3  e q u i p m e n t  {Strolttsvik 1931:143],  Two pears l a t e r ,  

K a t h l e e n  Bartlett wide a s i m i l a r  observation for t h e  American 

S o u t h w e s t  [Bart le t t  1 9 3 3 ~ 3 )  . After f i f t y  years their cements 

c o u f  d h e  repeated w i t h  l i t t l e  modif ica t i a n -  Variation i n  s h a p e  

and material. of grinding s t o n e s  in space and tiae can provide 

infocntation csacerning culture c h r o n o l c g y  and cu2tuce contact 

{ B a c l e i s h  et al  19-67:v), as well as short-range t r a d e  i n  

n o n - e x o t i c  goods (Waver -1 932: f 5 8 ;  Schofes C Roys 1968: 3 1 9 ) -  

Even f o r  these purposes ,  however, there are  discrepencies an6 

najor o m i s s i o n s  i n  the reporting and a n a l y s i s  of g r i n d i n g  stoaes 

(Coe IgfiS: 599 ; Longyear '395 2: 105; Hara~ond 39753 34Q; Cook 

1973: l485-lU86), No c o n s i d e r a t i o n  h a s  ever been given to t h e  

possibi litp t h a t  v a r i a t i o n  i n  aa t e r i a l ,  ~ c r p h o l o g  y, or 

d i s t r i b u t i c n  within a site may relate, to f u n c t i o n a l  variation, 

or have implicat ions c a n c e r n i n y  t h e  na ture  of soc ioeconc~t ic  

organization a t  b o t h  t h e  comnnunity a n d  household levels,  The 

f ollowiny thesis, u s i n g  data cof l ec ted  d u r i n g  recent 

ethnoarchaeof o g i c a l  r e s e a r c h  i n  t h e  Maya Highlands, w i l l  argue 

that .  grinding stones offer c o ~ s i i l e r a b l e  po'teatial  for 

understanding b o t h  prehistoric l i f e w a y s  and c u l t u r a l  p r o c e s s ,  

1 



a n d  deserve t h e  a t t e n t i o n  S t r o m s v i k  a n d  B a r t l e t t  h a v e  c a l l e d  

for-  

T h e o r y  

One of t h e  moze u s e f u l  t h e o r e t i c a l  f r a m e w o r k s  f o r  

i n t e g r a t i n g  i n f o r m a t i o n  o b t a i n a b l e  f rcla g r i n d i n g  s t o n e s  ( o r  

o t h e r  a r t i f a c t s )  i s  d e s i g n  a n a l y s i s ,  o r  d e s i g n  t h e o r y -  D e s i g n  

theory dea l s  w i t h  t h e  p r o c e s s  of c r e a t i n g  a n d  n a k i n g  a r t i f a c t s ,  

and  was f i r s t  s u g g e s e d  a s  a p p l i c a b l e  f o r  a r c h a e o l o g i c a l  

i n t e r p r e t a t i o n  by K l e i n d i e n s t  ( 3  975: 383)- S h e  a r g u e d  t h a t  

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

a r t i f a c t s  a r e  made a n d  use, and u l t i m a t e l y  h o v  they i a * , * a l l o u  

a c t o r s  w i t h i n '  c u t t n r a l  b e h a v i o r a l  s y s t e m s  t o  a d a p t  i n  t h e i r  

env i r o n m e n t s * #  ( K l e i n d i e n s t  13375: 3 8 3 ) -  The i fnpof t a n c e  o f  t h e  

d e s i g n  p r o c e s s  d e r i v e s  fro& t h e  $ac t  t h a t  i t  i n v o l v e s  t h e  

d i f  f e r e n t i a i  s e l e c t i o n  o f  raw m a t e r i a l s  a n d  t h e i r  aodif i c a t i o n  

i n  order t o  a c h i e v e  a d e s i r e d  end p r o d u c t  w i t h i n  a p a r t i c u l a r  

c o n t e x t ,  I n  o t h e r  words,  it is one of t h e  p r o c e s s e s  w h i c h  

a r t i c u l a t e s  t h e  m a t e r i a l  a n d  nun-ma ter ia l  a s p e c t s  of c u l t u r e ,  

U n f o r t u n a t e l y ,  a s  K l e i n d i e n s t  p o i n t s  o u t ,  p r e s e n t  t h e o r y  

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

e t h n o c e n t r i c ,  and d e v o i d  o f  any r e f e r e n c e  t o  ithe d e s i g n  process, 

D e s i g n  t h e o r y  h a s  k e e n  d e v e l o p i n g  f o r  t h e  past t h r e e  

decades i n  t h e  r e a l m s  of a r c h i t e c t u r e ,  e n g i n e e r i n g  a n d  industry 

( J o n e s  t 9 7 0 : 3 ) ,  However t h e  a a i n  t h r u s t  has been i n  d e s c r i b i n g  

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

c r e n t i v i t  y a n d  f o r m a l i z i n g  d e c i s i c n - i n a k i n g  [Jones '1970; S t a r r  



1 9 6 3 ;  H i l l  1970), C o n s i d e r a t i o n  of the r e l a t i o n s h i p  o f  the 

m a t e r i a l  p r o d u c t  of the d e s i g n  process to t h e  b r o a d e r  c u l t u r a l  

c o n t e x t ,  when it o c c u r s ,  i s  a p t  t o  stress t h e  i m p o r t a n c e  of 

p r o d u c t  i n m o v a t i o n  i n  o r d e r  t o  maintain c o r p o r a t e  sales and 

g r o w t h  i 7 2 - B o r e  g e n e r a l l y  c o n s i d e r a t i o n  f o r  the 

p r o d u c t  of t h e  design p r o c e s s  w i t h  the c u l t u r a l  c o n t e x t  is 

subsumed u n d e r  the v e r y  s p e c i f i c  statement of the a e s i g a  

p rob lem,  I n  o t h e r  v o r d s ,  most d e s i g n  theorists a re  c o n c e r n e d  

wi th  how t o  i a p r o v e  product c r e a t i o n  r a t h e r  t h a n  w i t h  

u n d e r s t a n d i n g  the way i n  which t h e  d e s i g n  p r o c e s s  a r t i c u l a t e s  

the material  a n d  n o n - m a t e r i a l  a s p e c t s  of c u l t u r e ,  T h e  broader 

t h e o r e t  icaf p e r s p e c t i v e  is  provided  b y  two a a t h o r s ,  Fye a n d  

A l e x a n d e r  {Pye  1964, 1968; A l e x a n d e r  197Y) B e c a u s e  A l e x a n d e r  

and ?ye a r e  c o n c e r n e d  w i t h  t h e  L r o c e s s  o f  d e s i g n ,  rather t h a n  

s p e c i f i c  methods ,  i t  i s  their work which p r o v i d e s  t h e  b a s i s  f o r  

the t h e o r e t i c a l  a o d e i  used here, 

The  f u n d a m e n t a l  a s s u m p t i o n  o f  d e s i g n  theory is t h a t  

a r t i f a c t s  are ~ a d e  f o r  a r e a s o n - - n o t  s i m p l y  t o  serve a f u n c t i o n ,  

b a t  t o  s o l v e  a n  a c t i v i t y  o r  a d a ~ t i v e  wprob lemyt -  T h e  p " a r t i c u l a r  

probbea Bay be related t o  econotnic,  t e c h o l f o g i c a l ,  s o c i a l  o r  

i d e o l o g i c a l  b e h a v i o r  p a t t e r n s ,  c r  som combinat ion  of these 

{ A l e x a n d e r  1970:15ff), 

The o p e r a t i o n a l  a s s u t g p t i o n  of design t h e o r y  is that a 

number of c o n s t r a i n t s  o p e r a t e  on t h e  p r o d u c t i o n  a n 8  final f o m  

of artifacts. C o n s t r a i n t s  mag be  c o n s i d e r e d  i n  t e r m  of 

m a t e r i a l ,  t e c h n o l o g y ,  f u n c t i o n ,  dnd social  f a c t o r s ,  T h e s e  



c o n s t r a i n t s  o p e r a t e  i n t e r a c t i v e l y ,  a n d  may c o w ?  i n t o  c o n • ’  l ict ,  

Fo r  example ,  t h e  nbesttt  a a t e r i a l  f u r  a p a r t i c u l a r  f u n c t i o n  may 

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

it n a y  b e  unknown or  d e p e n d e n t  o n  a p a r t i c u l a r  f c r m  o f  s o c i a l  

s u p p o r t  system, o r  t h e r e  Bay be  i d e o l o g i c a l  cbjec ts ioras  t o  u s i n g  

it. T h e  f i n a l  a r t i f a c t  t h e r e f o r e  r e p r e s e n t s  a satisfgctosy 

s o l u t i o n  t o  a t o t a l  set o f  p a r t i c u l a r  c o n s t r a i n t s ,  o r  a s p e c i f i c  

c o n t e x t ,  

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

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

C h a n g i n g  t h e  n a t u r e  of oae o r  ratore c o n s t r a i n t  i n  e f f e c t  c h a n g e s  

t h e  n a k u r e  of t h e  problem,  One of t h e  c r i t ica l  p o i n t s  made i n  

d e s i g n  t h e o r y  is t h a t  a s a t i s f a c t o r y  solution to  one se t  of 

c o n s t r a i n t s  is n o t  t h e  # * b e s t i +  s o l o t i o n  to  a p a r t i c u l  a r  problertt, 

B o t h  the i n t e r a c t i v e  n a t u r e  o f  a g i v e n  se t  of c o n s t r a i n t s  a n d  

the p o t e n t i a l  %or r e d e f i n i n g  a prob lem by c h a n g i n g  o n e  o r  more 

c o n s t r a i n t  means  t h e r e  w i l l  n e v e s  b e  a  " b e s t M  s o l u t i o n  t o  a n y  

p r o b l e m ,  b u t  many p o s s i b l e  s a t i s f a c t o r y  s o l u t i o n s  { A l e x a n d e r  

1970: 17)- F u r t h e r m o r e ,  t h e  i n t e r a c t i v e  a n d  c h a n g e a b l e "  n a t u r e  of 

c o n s t r a i n t s  p r o v i d e s  the p o t e n t i a l - - p e r h a p s  e v e n  t h e  

i m p e t u s - - f o r  c h a n g e  o v e r  time, 

F o r  pu r p o s e s  of a r c h a e o l o g i c a l  i n t e r p r e  t a t i o n ,  d e t e r m i n i n g  

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

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

p r o b l e m  b e i n g  s o l v ~ d ,  A n a l  p i n g  t h e  e c o n o ~ i c s  of time, e n e r g y ,  

a n d  r i s k  i n v o l v e d  i n  t h e  p r o c u r e m e n t  a n d  u s e  of m a t e r i a l s  and 



m a n u f a c t u r e  o f  a r t i f a c t s  c a n  provide o n e  means of s p e c i f y i n g  

nan y o f  the c o n s t r a i n t s *  Particular a t t e n t i o n  sfrould b e  p a i d  t o  

e x p l a i n i n g  a p p a r e n t  d i s e c o n o m i e s ,  s i n c e  these d i s e c o n o m i e s  are  

usna:ly b a l a n c e d  b y  i n c r e a s e d  e c o n o m i e s  w i t h  r e s ~ e c t  t o  some 

o t h e r  c o n s t r a i n %  o r  c o n s t r a i n t s ,  I n  t h i s  way the  c o n s t r a i n t s  

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

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

a d a p t i v e  i m p l i c a t i o n s ,  

There a r e  taro p o s s i b l e  s o u r c e s  of criticisin c o n c e r n i n g  use 

of t h i s  v e r y  g e n e r a l i z e d  model  of d e s i g n  theory, On t h e  o n e  

hand ,  much o f  what is s t a t e d  e x p l i c i t l y  i n  d e s i g n  t h e o r y  h a s  

been a c c e p t e d  , iiap l i c i t l y  a n d / o r  i n t u i t i v e l y  i n  a r c h a e o l o g y  f o r  

some time, However, human m e n t a l  c a p a c i t i e s  are such t h a t  

i n t u i t i v e  analysis is l i i r t i t e d  to r e l a t i v e l y  s i m p l e  p rob lems ,  

F u r t h e r m o r e ,  i a t u i t i v e  analysis is  n o t  easily a c c e s s i b l e  t o  

criticisin- i4aking  explicit t h a t  which has b e e n  i q l i c i t  w i l l  

improve the r e s u l t s  of even t h e  s i s p f e s t  a n a l y s i s  a s  well a s  

i n c r e a s i n g  t h e  complexity of t h e  a n a l y s e s  which mag r e a s o a a b l  y 

b e  u n d e r t a k e n  (Alexander 197U:5-9). On t h e  o t h e r  hand; there 

may te concern f o r  t h e  Pack of a rigorous 

e x p f s i m e n t a l - s t a t i s t i c a l  a p p r o a c h  c o m ~ a n l y  found i n  t h e  

i a d  u s t r i a l  and  e n g i n e e r i n g  c o a t  ex ts, While  s u c h  a n  a p p r o a c h  is 

a l t i m a t e i p  d e s i r a b l e ,  t h e   resent s t a t e  o f  knowledge (or B o r e  

a c c u r a t e l y ,  Pack  of knowledge)  is such t h a t  i t  is i n a p p r o p r i a t e ,  

g h a t  is needed a t  the p r e s e n t  time is t h e  d e v e l o g ~ t t e n t  of 

e m p i r i c a l  models which can then b e  s u b j e c t e d  t o  more r i g o r o u s  



t e s t i n g .  

PT et hodo 10% ------- 
D e s i g n  theory, t h r o u g h  t h e  n o t i o n  of multiple i n t e r a c t i v e  

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

f r amework  f o r  r e l a t i n g  ~aa te r i a l  items back t o  t h e  c u l l t u r a f  

c o n t e x t ,  A r c h a e o l o g i s t s ,  however ,  nust deal .  w i t h  s p e c i f i c s :  the 

s p e c i f i c s  of a a t e r i a l  a n d  form o f  itelss a n d  t h e i r  v a r i a t i o n  

w i t h i n  time a n d  s p a c e ,  and  how t h e s e  r e l a t e  back to  s p e c i f i c  

c u l t u r a l  c o n t e x t s ,  U a f a r t u n a t e l y ,  b e c a u s e  of the  g e n e r a l  l a c k  

of r e s e a r c h  d e a l i n g  w i t h  grinding s t o n e s ,  t h e r e  is v e r y  l i t t l e  

i n f o r m a t i o n  i n  either t h e  e t h n o g r a p h i c  o r  t h e  a r c h a e o l o g i c a l  

li t e r a t u r a ,  w h e r e  i n • ’  o r m a t  ion e x i s t s  i t  is s p a r c e ,  f r a g m e n t a r y ,  

and  f r e q u e n t l y  d e v o i d  of concern E o r  t h e  n a t u r e  a n d  p o s s i b l e  

i a p l i c a t i o n s  o f  v a r i a t i o n .  

Need f o r  b a s i c  d a t a  of  t h i s  s o r t  was t h e  b a s i s  f o r  

i n i t i a t i r t g  t h e  C o x o h  E t h a o - a r c h a e o l o g y  P r o j e c t ,  S i n c e  t h e  da ta  

u s e d  h e r e  were p r o v i d e d  by t h e  P r o j e c t ,  a br ief  d e s c r i p t i o n  of 

r e l e v a n t  a s p e c t s  of its g o a l s  and  methods are  p r o v i d e d ,  

T h e  Coxoh E t h n o - a r c h a e o l o g y  Project  was i n i t i a t e d  t o  assist , 

i n  s o l v i n g  p r o b l e m s  of a r c h a e o l o g i c a l  i n t e r p r e t a t i o n  a r i s i n g  

front e x c a v a t i o n  of C o i c n i a f  Coxoh si tes i n  e a s t e r n  C h i a p a s ,  

B e x i c o  by t h e  H e w  Por ld  A r c h a e o l o g i c a l  F o u n d a t i o n ,  I n  

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

c o n t e x t s  of a w i d e  v a r i e t y  of m a t e r i a l  itertts was d e s i r e d -  

B e c a u s e  t h e  Coxoh, a  Playan p e o p l e ,  a r e  e x t i n c t ,  f i e l d  work was 

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

6 



s u r r o u n d i n g  a r e a ,  T h i s  i n c l i z d e d  ( h u t  was n o t  l i m i t e d  to)  f o r m a l  

d a t a  collect i o n  i n  two rela t i v e l p  t r a d i t i o n a l  g a p  v i l l a g e s  

d u r i n g  F e b r u a r y  an2 March 1379, T h e s e  were t h e  C b u j - s p e a k i n g  

village o f  Saail H a t e o  f x t a t a n ,  in t h e  D e p a r t r a e n t  of 

H u e h u e t ~ n a n g o ,  Gu a t e m a l a ,  a n 4  t h e  Tzel t a l - s p e a k i n g  v i l f  a g e  of 

A g u a c a t e n a n g o ,  in t h e  s t a t e  o f  C h i a p a s ,  Plexico. I n  each village 

a  number  of h o u s e h o l d s  was sampled,  B e c a u s e  t h e  e t h n o g r a p h i c  

f i e l d  work was d e p e n d e n t  on t h e  c o o p e r a t i o n  a n d  g o o d w i l l  of the 

p e o p l e  with whom work was b e i n g  done,  u s e  of s t a t i s t i c a l  

s a a p l i n g  p r o c e d u r e s  was n e c e s s a r i l y  precf uded, However, e v e r y  

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

e c o n o m i c  s p e c t r u m  a s  p o s s i b l e ,  T h i s  i n c l u d e d  the r a n g e  of 

a n n u a l  income a n d  Land o w n e r s h i p ,  c r a f t  and s e r v i c e  

s p e c i a l i z a t i o n s ,  a n d  r e l i g i o u s  a n d  p o l i t i c a l  office h o l d e r s ,  It 

was felt: t h a t  t h i s  goal.  was  a c f i i e v e d ,  

For e a c h  h o u s e h o l d  s a m p l e d  two types o f  d a t a  were 

c o l l m z t e a ,  i n  a c c o r d a n c e  w i t h  t h e  g o a l s  o f  t h e  P r o j e c t ,  The 

f i r s t  t y p e  o f  d a t a ,  concerning m a t e r i a l  items, was o b t a i n e d  

through a n  i n v e n t o r y  o f  material items i n  a l l  s t r u c t u r e s  a n d  the 

a s s o c i a t e d  compound for each h o u s e h o i d ,  T h e  f u n c t i o n  of 

a r t i f a c t s  was d e t e r m i n e d  b y  direct q u e s t i o n i n g  a n d  by 

o b s e r r r a t i o n ,  The  ater rials from which a r t i f a c t s  vere made was 

d e t e r m i n e d  by o b s e r v a t i o n ,  F o r  t h e  a tos t  p a r t  i n f o r r t l a n t s  u e r e  

a m a z i n g l y  c o o p e r a t i v e  i n  a l l o w i n g  access t o  a l l  items i n  t h e i r  

p o s s e s s i a n ,  R a r e l y  was a c c e s s  d e n i e d  t o  a n y  p a r t  o f  a  

h o u s e h o l d ,  I n  t h o s e  f e u  h o u s e h o l d s  w h e r e  limitations vere 



imposed,  t h e y  sere n o t  f o r  affeils l i k e l y  t o  c o n t a i n  g r i n d i n g  

s t o n e s ,  

The s e c o n d  t y p e  of d a t a  c o l l e c t e d  fron each househo ld  i n  a 

s y s t e m a t i c  f a s h i o n  c o n c e r n e d  t h e  s o c i o e c o n o m i c  c o n t e x t .  T h i s  

was o b t a i n e d  b y  i n t e r v i e w i n g  an a d u l t  m e ~ b e r  of t h e  household ,  

I n  o r d e r  t o  i n s u r e  c o i n p a r a b i l i t y  and  c o n s i s t e n c y  of a a t a  between  

h o u s e h o l d s  the i n t e r v i e w s  were structures by a  series of 

q u e s t i o n n a i r e s  on s o c i a l ,  demographic ,  e c o n o @ i c  f a c t o r s ,  a s  well 

a s  a r c h i t e c t u r a l  f e a t u r e s  aad  a r t i f  act  u s e  and  u s e - l i f e ,  

X n t e r v i e w i n g  was d o n e  by two aember s  o f  the r e s e a r c h  team 

w o r k i n g  t o g e t h e r ,  v h i  le two other meabers  unde r took  t h e  m a t e r i a l  

r e  Zlll rtxemiaers of t h e  r e s e a r c h  t e a a s  made a n  e f f o r t  t o  

i n s u r e  t h a t  i n v e n t o r y  and i n t e r v i e a r  d a t a  was c o r p s i s t e n t  w i t h i n  

and between h o u s e h o l d s ,  

I n  a d d i t i o n  t o  s y s t e m a t i c  d a t a  c o l l e c t i o n ,  o b s e r v a t i o a s  a n d  

in fo r l r t a l  i n t e r v i e w s  were used i n  S a n  ma teo  t o  o b t a i n  users* 

e x p l a n a t i o n s  f o r  v a r i a t i o n  i n  form a n d  m a t e r i a l  f o r  a n u a b e r  of 

i t e a s ,  including g r i n d i n g  s t o n e s ,  Data  o f  t h i s  n a t u r e  was not 

c o l l e c t e d  from e v e r y  househo ld ,  s i n c e  it % a s  n e c e s s a r y  f o r  

v a r i a t i o n  t o  be  p r e s e n t  i n  o r d e r  t o  r a i s e  q u e s t i o n s  a b o u t  it, 

When v a r i a t i o n  i n  fern oz m a t e r i a l  o c c u r r e d  i n  a  househo ld ,  

e v e r y  e f f o r t  was made t o  a v o i d  t h e  use of l e a d i n g  q u e s t i o n s ,  

Open e n d e d  q u e s t i o n s  were best  h a n d l e d  when t h e  o b j e c t s  i n  

question were a t  hand, Ano the r  s e a s o n  d a t a  of t h i s  sort was  n o t  

collect& from e v e r y  household  was t h e  need to  a v o i d  a 

p r o l i f e r a t i o n  o f  q u e s t i o n s ,  Questions were n o t  r e p e a t e d  a f t e r  a  



ser ies  oE r e a s o n a b l y  c o n s i s  k e n t  r e s p o n s e s  was o b t a i n e d ,  

Another s o u r c e  o f  d a t a  was o b t a i n e d  t h r o u g h  unstructured 

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

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

Ramos P o s a r i o ,  a  p r e s e n t - d a y  ~ a n u f a c t u s e s  of manos and metates 

i n  t h e  v i l l a g e  of Z a L a c a t a n c i t o ,  a s h o r t  d i s t a n c e  f r o @  the c i t y  

of Rue& u e t e n a n g d .  

S e l e c t i o n  a n d  ia t e r p s e t a  t i o n s  o f  d a t a  c o n c e r n i n g  g r i n d i s g  

s t o n e s  p r o v i d e d  b y  t h e  Coxoh Ethno-  a r c h a e o l o g y  P r o j e c t  was  

g u i d e d  by  c o n c e r n  t o  ~ a i n t a i n  c c f a p a r a b i l i t y  orith a n  

a rc  h a e o l o g i c a  3. s i t u a t i o n ,  Thus,  i n f s r r a a t i m  c o n c e r n i n g  

v a r  i a t  J o n  i n  m a t e r i a l ,  a o r p h o l o g y  ( i n c l u d i n g  s i z e ) ,  and s p a t i a l  

d i s t s i h u t i o n  was t r e a t e d  a s  t h e  p r i m a r y  data b a s e -  E a c h  o f  

t h e s e  v a r i a b l e s  w i l l  be d e a l t  s i t h  s e p a r a t e l y ,  a n d  p o t e n t i a l  

r e a s o n s  Eos  t h e  o b s e r v e d  v a r i a t i o n  w i l l  be sought i n  t h e  s o u r c e s  

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

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

( i n c l u d i n g  i d e o l o g y ) ,  &here v a r i a t i o n  i n  p h y s i c a l  p s c o p e r t i e s  

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

c o n s t r a i n t ,  e x p l a n a t i o n  will b e  s o u g h t  i n  econonaics  of tinte, 

e n e r g y  a n d  p o t e n t i a l  r i s k ,  A s  well, i t  is e x p e c t e d  t h a t  

a p p a r e n t  d i s e c o n o ~ i e s  w i l l  o c c u r  a s  a result  of c o n f f  ict b e t w e e n  

c o n s t r a i n t s ,  P a r t i c u l a f  a t t e n t i o n  w i l l  be p a i d  Ito t h e s e  

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

t h e  a d a p t i v e  p r o b l e m  o r  p r o b l e ~ s  b e i n g  s o l v e d l  



In a d d i t i o n  t o  t h e  e f f o r t  t o  i n t e r p r e t  v a r i a t i o n  i n  

phg s i c a l   ropert ties o f  g r i n d i n g  stones, c o n s i d e r a t i o n  w i l l  b e  

g i v e n  t o  t h e  impact  o f  ~ ~ i o d e r ~ f  i n d u s t r i a l .  s o c i e t y  on t h e i r  

p r e s e n c e  a n d  u s e  i n  t h e  c u r r e n t  e t h n o g r a p h i c  c o n t e x t ,  T h i s ,  

a g a i n ,  is d o n e  i n  osder t o  i n c r e a s e  t h e  a p p l i c a b i l i t y  of r e s u l t s  

to  a r c h a e o l o g i c a l  c o n t e x t s  where  modern i n d u s t r i a l  i n f l u e n c e s  

a r e  n o t  p r e s e n t ,  

fn t h e  e f f o r t  t o  i n t e r p r e t  v a r i a t i o n  i n  e a c h  of t h e  p r i m a r y  

v a r i a b l e s - -  material ,  marpholog y, a n d  d i s t r i b u t i o n - - i n f e r e n t i a l  

s ta t is t ics  w i l l  b e  used where  s u f f i c i e n t  d a t a  e x i s t -  This r i l l  

be p r i m a r i l y  t h e  d a t a  o b t a i n e d  through t h e  material inventory 

and t h e  s t r u c t u r e d  i n t e r v i e w s ,  S i n c e  s e l e c t i o n  of households 

f r o m  which t h i s  d a t a  was o b t a i n e d  was n o t  b a s e d  o n  s t a t i s t i c a l  

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

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

p o p u l a t i o n  from which it was drawn, However, t h i s  l i m i t a t i o n  

c a n  t o  some e x t e n t  be cornpeas ta ted .  F i r s t ,  a s  a l r e a d y  

m e n t i o n e d ,  t h e  h o u s e h o l d  s a m p l e s  are felt t o  be r e a s o n a b l y  

r e p r e s e n t a t i v e  of t h e i r  r e s ~ e c t i v e  v i l l a g e s ,  Second ,  -use w i l l  

b e  atade o f  t h e  c o r a ~ a r a t i v e  giethotg, a s  d i s c u s s e d  below- 

T n t e r p r e t a t i o a  of t h e  d a t a  o b t a i n e d  t h r o u g h  o b s e r v a t i o n  a n d  

informal intervieus a Bore  d i s c u r s i ~ e  a n d  i n f e r e n t i a l  t r e a t m e n t  

is n e c e s s a r y ,  D u e  t o  t h e  lack of p r e v i o u s  r e s e a r c h  a n d  t h e  

s u b s e q u e n t  e x p l o r a t o r y  n a t u r e  of the p r e s e n t  r e s e a r c h ,  this 

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

portion of the i n t e r p r e t a t i o n ,  



When research is large ly  e x p l o r a t o r y  i n  n a t u r e ,  

p r o b l e a  v i t h  p r o v i d i n g  s o w  c h e c k  o n  t h e  conclusions 

t h e r e  is a 

a n d  

i n t e r p r e t a t i o n s ,  U l t i ~ a t e l y  t h i s  is d o n e  t h r o u g h  f u r t h e r  

research a n d  t e s t i n g ,  X n  t h e  m e a a t i a e ,  however,  t h e  fact t h a t  

c o i n p a r a b l e  d a t a  was o b t a i n e d  i n  two v i l l a g e s  b y  t h e  Coxoh 

Ethno-  a r c h a e o l o g y  P r o j e c t  p r o v i d e s  t h e  p o t e n t i a l  f o r  a 

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

w i l l  g a k e  use o f  t h e  d a t a  p r o v i d e d  o b t a i n e d  from San g a t e o ,  

where t h e  n o s t  i n f o r m a t i o n  on g r i n d i n g  s t o n e s  was collected, 

I n t e r p r e t a t i o n s  b a s e d  o n  the Saa Bateo m t e r i a l  w i l l  b e  checked 

a g a i n s t  the d a t a   fro^ A g u a c a t e n a a g o ,  a s  well a s  r e l e v a n t  

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

a r c h a e o l o g i c a l ,  h i s t o r i c  a n d  i a a t e r i a l s  l i t e ra t a re ,  As a l r e a d y  

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

Wowever, a u c h  of i t  comes  f r o a  c u l t u r a l  c o n t e x t s  d i f f e r e a t  T r a a  

t h a t  o f  S a n  Bateo, while A g u a c a t e n a n g o  d o e s  noit, 

Sari B a t e o  -- ---- 
T h e  v i l l a g e  o f  S a n  f4ateo l i e s  h i g h  i n  t h e  C u c h u a a t a n e  

H o u n t a i n s ,  a b o u t  75 k& f rom H u e h u e t e n a a y o ,  R e l a t i v e l y  i s o l a t e d ,  

t h e  v i l l a g e  h a s  o n l y  b e e n  accessible by r o a d  f o r  t h e  p a s t  20 

y e a r s  and r e t a i n s  t r a d i t i o n a l  l i f e w a y s  i n  many respects, 

p a r t i c u l a r l y  i n  t e r m  of material c u l t u r e ,  T h e  p r e s e n t - d a y  

v i l l a g e  i s  b u i l t  d i r e c t l y  o n  t o p  o f  a L a t e  Classic si te,  w i t h  a 

P o s t - C l a s s i c  s i t e  d short w l k  away  on the o u t s k i r t s  o f  t h e  

1 1  



v i l i a g e ,  A t  l eas t  two o t h e r  p r e k i s p a n i c  sites a r e  r e p o r t e d  to 

l i e  w i t b i n  a few h o u r s  w a l k i n g  d i s t a n c e ,  

T h e  p r i i a a r y  e c o n o m i c  base f o r  S a n  Mateo is t h e  t r a d i t i o n a l  

Besoainerican s u l r s i s t a n c e  maize  h o r t i c u l l t u  re, T h i s  is 

s u p p l e m e n t e d  i n  a v a r i e t y  of ways, i n c l u d i n g  p a r t - t i m e  c r a f t  a n d  

s e r v i c e  special i a a t i o n s ,  and  wage l a b o r  o n  low-land p l a n t a t i o n s ,  

The p r o d u c t s  o f  aany p a r t - t i m e  s p e c i a l i s t s ,  such a s  p o t t e r s ,  

c a r p e n t e r s ,  a n d  h u n t e r s ,  a re  u s e d  w i t h i n  the v i l l a g e ,  I n  o t h e r  

words ,  t h e  communi ty  i s  l a r g e l y  s e l f - s u f f i c i e n t ,  O u t s i d e  

s o u r c e s  o f  income i n c l u d e  t h e  wage l a b o r  a l r e a d y  m e n t i o n e d ,  sale 

o f  s a l t  i r o n  t h e  local  m i n e s  ( a l t h o u g h  this i s  of decf i n i n g  

i m p o r t a n c e ) ,  and s o a e  c a s h  c r o p s ,  

T h e r e  a r e  over 6 0 0  h o u s e h o l d s  i n  S a n  Bateo, no  n o r e  t h a n  a 

dozen of which are L a d i n o  ( C e h a v i o r a f l y  a s s o c i a t e d  with t h e  

p o l i t i c a l l y  d o l a i n a n t  Lakin s o c i e t y )  , Fif ty-one h o u s e h o l d s  were 

s a a p f e d  for t h e  P r o j e c t .  These i n c l u d e d  two L a d i n o  h o u s e h o l d s ,  

t h e  p o o r e s t  h o u s e h o l d  i n  t h e  v i l l a g e  ( a n n u a l  income of US$'f5), 

t h e  s ic  h e s t  { a n n u a l  income of (US$3377) , a n d  r e p r e s e n t a t i v e s  of 

a11 c r a f t  a n d  service s p e c i a l i z a t i o n s ,  

A 1 1  but f i v e  of t h e  h o u s e h o l d s  s u r v e y e d  had one or  more 

g r i n d i n g  s t o n e s ,  or metates, which were used  t o  g r i n d  n a i z e ,  &fie 

m a i n s t a y  of the d i e t .  B f l  n a i z e  g r i n d i n g  metates were of 

b a s a l t ,  a n d  ai l .  were t h e  t h r e e - l e g g e d  o r  t r i p o d a l  form (Pig. 1 ) -  

ghiltr m a i z e  g r i n d i n g  was the p r i m a r y  f u n c t i o n  of t h e s e  metates, 

o the r ,  o c c a s i o n a l ,  uses were r e p o r t e d ,  S uch u s e s  i n c l u d e d  

g r i n d i n g  r o a s t e d  b e a n s ,  a c h o t e s  (a c o l o r i n g  mspicet'), c h i l e s ,  



Figure 3 ,  T r i p o d a l  Maize G r i n d i n g  Betate with P r o x i ~ a l  Leg 
Placed  On P o s t :  5an Mateo 



s a l t ,  and  t h e  calci te  csystals used a s  t e m p e r  i n  p o t t e r y  making, 

Sn some h o u s e h o l d s  a s e p a r a t e  b a s a l t  metate was u s e d  to g r i n d  

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

sotnetigtes reuse, o f  t h e  b a s a l t  metates, 

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

o the r  g r i n d i n g  s t o n e s ,  made of  q u a r t z i t e ,  limstone, 

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

w a s h i n g  c l o t h e s ,  mashing b e r b s ,  g r i n d i n g  coffee, s a l t ,  and  

calcite, Some, r e c o v e r e d  f r o m  l o c a l  a r c h a e o l o g i c a l  sites, were 

of a plan-convex f o r m  ( F i g -  2 ) -  T h e  r e m a i n d e r  were u n s h a p d d ,  

o t he r  t h a n  by u s e  {F ig-  3 ) -  C l o t h e s  w a s h i n g  stones, w h i l e  n o t  

g e n e r a l l y  c o n s i d e r e d  g r i n d i n g  s t o n e s ,  are i n c l u d e d  i n  t h i s  

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

very s i ~ i l a r :  t o  t h a t  found on o t h e r  g r i n d i n g  s t o n e s ,  

A t o t a l  of 320 g r i n d i n g  stones was r e c o r d e d .  i n  San Pfateo 

d u r i n g  t h e  ntatariaf. inventory, In t e r n s  of f u n c t i o n ,  55% of 

t h e s e  were c u r r e n t l y  in u s e  a s  a a i z e  g r i n d i n g  t n e t a t e s -  A 1 1  o f  

t h e s e  were of b a s a l t  (Table 1 ) -  The s e c o n d  most coaason use, 

accounting f o r  32-5s o f  the s a m p l e ,  was coffee g r i n d i n g -  The 

a a j o r i t y  of t h e s e  were a l s o  of v e s i c u l a r  b a s a l t  C l o t h e s  

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

i n  h o u s e h o l d s  o r  compounds, A l t h o u g h  n e a r l y  a l l  ~f these were 

o f  q u a r t z i t e  o r  c c n g l o a e r a t e ,  this i s  p r o b a b l y  a b i a s e d  sample 

i n  terms of r a a t e r i a l ,  T h e  ma j o r i t f  of t h e  s t o n e s  u s e d  i n  p u b l i c  

areas  o u t s i d e  t h e  compcunds  f o r  s c r u b b i n g  c l o t h e s  v e r e  of the 

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



F i g u r e  2, !?rehispanic Plano-Convex G r i n d i n g  Stone with 
C y l i n d r i c a l  Hano: San Hateo, (Scale  = 15 cw) 
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F i g u r e  3, ffnmodif ied Boulder C l o t h e s  washing Stone wi tft 
Use-Wear: San aateo, (Scale = 15 en) 
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streaens and s p f i a g s  where t h e y  Here f o u n d ,  with t h e  r e s u l t  t h a t  

they were n o t  r e p r e s e n t e d  i n  t h e  h o u s e h o l d  i n v e n % o r i e s ,  S t o n e s  

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

s a m p l e ,  Hany households also raade use of washing s t o n e s  f o r  

mashing h e r b s ,  Other h o u s e h o f d s  u s e d  a  p l a i n  wood board ,  t h e  

t o p  of t h e  m a i z e  g r i n d i n g  table, or a s p e c i a l  wooden t r o u g h  



@ o r t a r  f o r  mash ing  h e r b s -  T h r e e  p e r c e n t  o f  the s e c o r d e d  

g z i n d i n g  s t o n e s  were u s e d  s p e c i f i c a l l y  to  g r i n d  calci te  f o r  

pottery making, Two-and-one-half  p e r c e n t  were used  f o r  g r i n d i n g  

s a l t ,  a n d  a n o t h e r  two-and-one-hal f  p e r c e n t  were u s e d  as t o y s ,  

M i t h  t h e  exception of o n e  s l a b  of s a n d s t o n e  u s e d  t o  g r i n d  s a l t ,  

the s a l t  a n d  t o y  g r i n d i n g  s t o n e s  were a l l  q u i t e  small, The  

r e m a i n i n g  12,5X of  t h e  g r i n d i n g  s t o n e s  were of a n  u n s p e c i f i e d  

f u n c t i o n ,  b e i n g  i n  s t o r a g e ,  S i n c e  all. were o f  v e s i c u l a r  basa l t ,  

t h e y  p r e s u m a b l y  were i n t e n d e d  e i t h e r  f o r  aa ize  a n d / o r  f o r  c o f f e e  

g r i n d i n g ,  It  s h o u l d  b e  n o t e d  t h a t  i n  terms o f  m a t e r i a l  a n d  

shape, t h e  modern basalt nte-tates, i r r e s p e c t i v e  o f  f u n c t i o n ,  

c o n s t i t u t e d  82,574 of t h e  sa ~ p l e  ( T a b l e s  1 E 2) 

5 a n  Mateo r e t a i n s  t r a d i t i o n a l  l i f e w a y s  i n  many r e s p e c t s ,  

p a r t i c u l a r l y  i n  terms of m a t e r i a l  c u l t n r e ,  However, i n c r e a s e d  

c o n  tact with t h e  modern econont ic  world since the building o f  the 

r o a d  h a s  had  some i m p a c t ,  Food p r e p a r a t i o n  p a t t e r n s ,  f o r  

e x a m p l e ,  h a v e  been  p a r t i a l l y  m o d i f i e d  b y  the i n t r o d u c t i o n  of 

m o t o r - d r i v e n  c o r n  g r i n d i n g  mills, The f irst  of these a p p e a r e d  

f i f t e e n  y e a r s  ago, a n d  a t  t h e  tiane o f  t h e  s u r v e y  t h e s e  were four 

in o p e r a t i o n ,  They v e r e  p a t r o n i z e d  ex-tensivie_fy b y  the woaea of 

San Bateo,  I n  addition t o  t h e  m o t o r - d r i v e n  saills, 18 s u r v e y e d  

hoosehofds hat3 hand-c ranked  metal c o s n g r i n d e r s ,  Pfetal 

c o r n g r i n d e r s  first a p p e a r e d  i a  San Pfateo a b o u t  twenty years a g o ,  

five fears  b e f o r e  t h e  a p p e a r a n c e  of t h e  first n o t o r - d r i v e 8  a i i L  

Eifodern t e c h n o l o g y  b a s  had some inapac t  o n  o t h e r  g r i n d i n g  

f u n c t i o n s ,  a s  well., s p e c i f i c a l l y  clothes wash ing  and h e r b  
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preparation, The i r p a c t  on clothes washing b e h a v i o r  was  

probably rrjniaal, Pi oe  s u r v e y e d  h o u s e h o l d s  had s c r u b b o a r d s  of a 

sort c o m o n l y  u s e d  i n  Western Industrial society two or three 

generations ago, None of these were e v e r  seen in use, however, 

Sn addition, a few Bouseholas (cnly o n e  of  which was s u r v e y e d )  

had concrete water holding tanks, with a f Z a t  surfaced scrubbing 

basin on one s i d e ,  The impact  of ~ o d e r n  t e c h n o l c g y  on t h e  

practice of h e r b  p r e p a r a t i o n  and use was probably greater, 



cosmercial ~ e d i c i n e s  were a v a i l a b l e  i n  t h e  m a r k e t  and  were used, 

a l t h ~ t m g h  to  what e x t e n t  i s  not known, T h e r e  were a l s o  two 

s o a r c e s  of  modern p s o f e s s i o n a l  aedica l  care i n  S a n  Plateo, One 

s o u r c e  was a p rogram s p o n s o r e d  by t h e  G u a t e m a l a n  governmen% 

whereby  y o u n g  d o c t o r s  were r e q u i r e d  t o  s e r v e  a n  internship i n  

n a t i v e  v i l l a g e s ,  p r o v i d i n g  free m e d i c a l  care t o  the v i l l a g e r s ,  

a l t h o u g h  e x t e n s i v e l y  used, the  a v a i l a b i l i t y  o f  t h i s  s e r v i c e  

could b e  someghat e r r a t i c ,  T h e r e  was a l s o  a s m a l l  h o s p i t a l  r u n  

b y  t h e  C a t h o l i c  c h u r c h ,  which c h a r g e d  a  ~ i n i ~ a l  fee f o r  ~ e d i c i n e  

and  s e r v i c e s ,  

B ~ u a c a t e n a n q g  - ----- 
T h e  v i l l a g e  of A g a a c a t e n a n g o ,  i n  t h e  s o u t h e r n  H e x i c a n  s t a t e  

of C h i a p a s ,  i s  a b o u t  4 0  kea Srcifi S a n  C r i s t o b a i  de  l a s  Casas, 

L i k e  S a n  a a t e o ,  t h e  p r i m a r y  e c o n o m i c  base fo r  A g u a c a t e n a n g o  is 

t r a d i t i o n a l  f l e s o a m e r i c a n  s u b s i s t a w e  maize h o r t i c u l t u r e ,  

s u p p l e m e n t e d  b y  p a r t - t i m e  c r a f t  s p e c i a l i z a t i o n ,  wage l a b o r ,  a n 3  

cash g a r a e n  f a r m i n g -  Ay u a c a t e n a n g o  d i f f e r s  f rona San  Ha tea 

p r i m a r i l y  i n  h a v i n g  a h i g h e r  d e p e n d e n c e  o n  wage- labor  as  a 

s o u r c e  of e x t e r n a l  income, T h e r e  are n o  s a l t  m i n e s  i n  

A g u a c a t e n a n g o ,  h o v e v e r  t h e r e  is a n e a r b y  l a k e  from which s o m  

f i s h  a r e  o b t a i n e d ,  T h e r e  are a p p r o x i m a t e l y  250 h o u s e h o l a s  i n  

Rgu a c a t e n a n g o ,  noae o f  srhich a r e  Lad ino ,  Fifty h o u s e h o l d s  were 

i n c l u d e d  i n  t h e  A g u a c a t e n a n g o  s a  @ p i e ,  

T h e  t o t a l  number o f  g r i n d i n g  s t o n e s  recorded i n  

A g u a c a t e n a n g ~  was 131, A l l  s a n p l e d  h o u s e h o l d s  h a d  o n e  o r  Bore 

modern t r i p o d a l  m e t a t e s  o f  a n d e s i t e ,  made i n  Charnula, C h i a p a s ,  



These a c c o u n t e d  f o r  8 2 %  of t h e  s a m p l e  a n d  were u s e d  p r i m a r i l y  

fo r  g r i n d i n g  maize ,  T h e  r r ~ t ~ a i n i n g  23  recorded s t o n e s  (18%) were 

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

c a l c i t e  ( 6 % )  a n d  pigments (1,573 f o r  p o t t e r y  making,  r e u s e  a s  

a r c h i t e c t u r a l  m a t e f i a l  ( p a v i n g  a n d  s t e p p i n g  s t o n e s ,  e-g.) ( 6 X ) ,  

g r i n d i n g  coffee (1 -5X) ,  a n d  m a s h i n g  h e r b s  11%)- C n l y  o n e  

g r i n d i ~ g  s t o n e  (1%) was r e c o r d e d  a s  n o t  i n  use- Of t h e s e  

s p e c i a l .  g r i n d i n g  stcnes a t  l e a s t  t h r e e  were made of l i m e s t o n e ,  

g o s p h o l o g i c a l l y  t h e y  i n c l u d e d  p l a n o - c o n v e x  ( F i g ,  2) f o r m s ,  

u n m o d i f i e d  f o r m s  {Fig, 31, as  well a s  the ~ o d e r n  t r i p o d a l  farm 

( F i g -  1 )  T h o s e  t h a t  were n o t  r e u s e d  modern atetates were 

primasiff r e t r i e v e d  f -so@ n e a r b y  archaeofogical  sites, P o u r  

h o u s e h o l d s  a l s o  h a d  wooden t o b a c c o  w o r t a r s ,  T h e r e  were n o  

w a s h i n g  s t o o e s ,  a s  c l o t h e s  =re washed i n  wooden t u b s ,  b o u g h t  i n  

r e g i o n a l  markets, 

I n  A g u a c a t e n a n g o  a l l  b u t  three h o u s e h o l d s  h a d  @ e t a 1  

c o r n g r i n d e r s ,  T h e r e  was o n e  m o t o r - d r i v e n  rail1 i n  A g u a c a t e n a n g o ,  

i a l t  houyh it was not  e x t e n s i v e  l y  ~ a t r o n l i z e d -  T h e  Hexican 

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

n a t i v e  v i l l a g e s ,  

It is c l e a r  e v e n  from t h i s  i n i t i a l ,  s u p e r f i c i a l  

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

d o e s  e x i s t  and t o  some e x t e n t  c o v a r i e s  with material a n d  f o r a ,  

T h i s  f u n c t i o n a l  v a r i a t i o n  is selac3tn n o t e d  i n  t h e  l i t e r a t u r e ,  O f  

t h e  few instances where it is m e n t i o n e d ,  as  i n  8 c B r y d e * s  

f 19Y7:47) b r i e f  cornneat t h a t  s e p a r a t e  g r i n d i  ny s t o n e s  were u s e d  



for s e p a r a t e  f u n c t i o n s  i n  S o u t h w e s t e r n  Guatemafa, mention is 

almost never  made o f  material v a r i a t i o n .  
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O f  t h e  g r i n d i n g  s t o n e  a t t r i b u t e s  t h a t  w i l l  be  t r e a t e d  a s  

d e p e n d e n t  v a r i a b l e s - - a a t c r i a l ,  morphology , and  

d i s t r i b u t i o n - - m a t e r i a l  is o n e  of t h e  more e a s i l y  a n d  r e l i a b l y  

d e t e r m i n e d  a r c h a e o l c g i c a l f  y, Rater ia l  is t h e r e f  ore t h e  f i r s t  

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

p e r s p e c t i v e ,  Many o f  t h e  materials u s e d  f o r  g r i n d i n g  s t o n e s  a re  

r e a d i l y  a v a i l a b l e  i n  t h e  area a r o u n d  S a n  B a t e o ,  L i n e s t o n e ,  i n  

p a r t i c u l a r ,  is a b u n d a n t  i n  many s i z e s  and s h a p e s ,  W i t h  t h e  

e x c e p t i o n  of ' t h e  v e s i c u l a r  b a s a l t ,  t h e  o t h e r  s t o n e s  are p s o b a b l y  

a l s o  o b t a i n e d  l o c a l l y -  V e s i c u l a r  b a s a l t ,  however ,  is i m p o r t e d ,  

The time a n d  e n e r g y  i n v e s t e d  i n  i z u p n r t i n g  a n o n - l o c a l  m a t e r i a l  

r e p r e s e n t s  a n  a p p a r e n t  d i s e c o n o m y  i n  material s e l e c t i o n ,  In 

s p i t e  of t h i s ,  the i n t p o r t e d  material  a c c o u n t s  f o r  83% o f  t h e  

t o t a l  s a m p l e ,  and a p p e a r s  t o  b e  c l o s e l y  a s s o c i a t e d  w i t h  maize 

a n d  c o f f e e  g r i n d i n g ,  O t h e r  x * g r i n d i n g "  f u n c t i o - n s  a r e  almost 

e x c f u s i v e l y  a s s o c i a t e d  with local. m a t e r i a l s ,  There a r e  t h n s  two, 

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

F i r s t ,  w h a t  c o n s t r a i n t s  i n f l u e n c e  She c h o i c e  o f   ater rial, 

S e c o n d ,  w h a t  b e n e f i t s  are g a i n e d  by t h e  i m p o r t a t i o n  of v e s i c u l a r  

b a sa l t  that c o m p e n s a t e  f o r  the costs of i n t p o r t a t i o n ,  and  wha t  

a r e  the a d a p t i v e  i ~ ~ p l i c a t i o n s -  A s  s t a t e d  earlier, these 

q u e s t i o n s  w i l l  b e  a p p r o a c h e d  through a c o n s i d e r a t i o n  o f  the 

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

2 3  



a n d  s o c i a l  f a c t o r s ,  

g t i o n a f  GZ~traints %qg~geg a RaYgg Data 

I n f o r m a n t s  B e r e  a s k e d  on s e v e r a l  o c c a s i o n s  what  n a t e r i a l  

attributes t h e y  l o o k e d  for  i n  stones fo r  s p e c i f i c  g r i n d i n g  

f u n c t i o n s ,  R e s p o n s e s  v a r i e d ,  d e p e n d i n g  o n  the i s l t e n d e d  use of 

the stone, F o r  w a s h i n g  s t o n e s  a n d  h e r b  a a s h i n g  stones a number 

of i n f a r n t a n t s  s t a t e d  t h a t  t h e  material a t t r i b u t e  of most 

i m p o r t a n c e  was, i n  t h e i r  words, hardness,  O n e  i n f o r m a n t  s t a t e d  

that s t o n e s  which g a v e  o f f  grit were a n d e s i r a b l e -  W h i l e  this 

was the only mention of material t e x t u r e ,  i t  was observed t h a t  

~ o s t  of the w a s h i n g  a n d  h e r b  m a s h i n g  stones were r e l a t i v e l y  

slpootfn, The a ' t t r i b u t e s  of texture and  grit may a lso be 

reflected in i n f o f a a n t s  d e s c r i p t i o n s  o f  t h e  s t o n e s  a s  h a r d ,  

s i n c e  the a a t e r i a l s  used - f o r  c l o t h e s  washing and  h e r b  m a s h i n g  

stones often were n o t  hard I n  t h e  scientitie s e n s e ,  

B s s e n t i a l l y ,  if the m a t e r i a l  was  enough, i t  would  n o t  

g i v e  o f f  g r i t ,  T h e  d i s t i n c t i o n  b e t w e e n  s t o n e  a n d  wood for h e r b  

s tash ing  seemed t o  be  a matter o f  p e r s o n a l  p r e f e r e n c e ,  Those who 

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

a n d / o r  k e p t  t h e  o d o r  f rom pcrneatiag the h o u s e  %hen used 

o u t d o o r s ,  T h o s e  who used wood argued tha t  it was c l e a n e r ,  f o r  

sgWha knows what: has been o n  t h e  s t o n e s  ~ u t d o o r s ! ~ ,  

The f i n e n e s s  o f  t h e  ground s u b s t a n c e  was a l s o  n o t e d  a s  

i n p o r t a n t  b y  t h o s e  i n f o r m a n t s  who used quar tz i t e  and 

c o n g l o n t e s a t e  f u r  g r i n d i n g  coffee, These t a a t e r i a l s  were s a i d  t o  

give a f i n e r  g r i n d ,  They a l s o  d i d  n o t  allow the f i n e l y  g r o u n d  

24 



a n d  hig3ril.y v a l u e d  c o f f e e  t o  b e  " l o s t w  l i n  t h e  h o l e s ,  a s  v e s i c u l a r  

b a s a l t  d i d ,  R e c o v e r y  o f  t h e  g r o u n d  m a t e r i a l  may be of g r e a t e r  

c o n c e r n  for more e x p e l i s i v e  s u b s t a n c e s ,  s u c h  a s  c o f f e e ,  s i n c e  i t  

was repeatedly s t a t e d  t h a t  Loss o f  the g r o u n d  m a i z e  i n  the 

v e s i c l e s  of the basalt was ~ i n i i m l  a n d  not a p r o h l e n ,  The 

v e s i c u l a r  b a s a l t  metates used & o r  g r i n d i n g  c o f f e e  were n o t  

res harpened  ( r e p e c k e d )  , and  developed a d i s t i n c t l i v e  polish, 

S h e t h e r  t h e  p o l i s h  was a n  o r g a n i c  r e s i d u e  M p o l i s h w  o r  a real  

p o l i s h i n g  of t h e  s t o n e ,  i t  def i n i t e f y  t e n d e d  ta o b s c u r e  t h e  

v e s i c l e s ,  T h i s  may a l s o  h a v e  i n c r e a s e d  t h e  fineness of t h e  ' 

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

~ i g h t  be t e s t e d  i n  t h e  future,  

It h a s  b e e n  r e p o r t e d  t h a t  v e s i c u l a r  b a sa l t  does n o t  need  t o  

b e  r e p e c k e d  or r e s h a r p e n e d  (Aschmann 1949: 685) , a c h a r a c t e r i s t i c  

t h a t  p r e s u m a b l y  would i n c r e a s e  i t s  d e s i r a b l i l i  ty as a g r i n d i n g  

s t o n e ,  Hokerrer, t h e  p r a c t i c e  of s e s h a r p e n i n g  or r e p e c k i n g  

s e s i c u l a r  basalt metates was c o n s i s t e n t l y  r e p o r t e d  i n  S a n  Mateo, 

U s u a l l y  s e s h a r p e n i n g  was d o n e  with a n  o l d ,  B r o k e n  m a c h e t e  b l a d e ,  

a x e  b l a d e ,  or h o e  blade, a l t h o u g h  o n e  i n f o r m a n t  u s e d  a q u a r t z  

p e b b l e ,  a n d  o n e  used a p r e h i s p a o i c  s t o n e  cefL When a l l  raa ize  

g r i n d i n g  was d o n e  on a a e t a t e ,  i t  was s a i d  t o  need  r e s h a r p e n i n g  

a b o u t  t h e e  tinres a y e a r  o r  more, {One i n f o r m a n t  s t a t e d  t h a t  

a e t a t e s  were r e s h a r ~ e n e d  a s  o f t e n  a s  15 times a y e a r ,  b u t  t h i s  

is probably a n  e x a g g e r a t i o n , )  P i t h  t h e  i a t s o d u c t i o n  o f  t h e  

t lnotor-driven raill, r e p o r t e d  r e s h a r p e n i n g  d e c r e a s e d  s l i g h t l y  t o  

a b o u t  twice a year, P e r h a p s  t h e  mos t  c r i t i ca l  p o i n t  t o  b e  made 



w i t h  r e s p e c t  t o  r e s h a r p e n i n g ,  however ,  is t h e  i m p o r t a n c e  of 

a n o t h e r  a t t r i b u t e  so bas ic  t h a t  i t  tends t o  b e  o v e r l o o k e d  by  

b o t h  users a n d  a n a l y s t s - - s h a r p n e s s  in t h e  s t o n e  t e x t u r e ,  B 

s h a r p - o r  r o u g h - - t e x t u r e  wouid o b v i o u s l y  b e  a d e s i r a b l e  s t o n e  

a t t r i b u t e  fo r  rea i  grind iny*  Equally o b v i o t l s  is t h a t  a s h a r p  o r  

r o u g h  t e x t u r e  would  be a n  u n d e s i r e a b l e  s t o n e  a t t r i b u t e  f o r  some 

of t h e  c t h e r  " g r i n d i n g N  f u n c t i o n s ,  such a s  c l o t h e s  wash ing  a n d  

h e r b  ma s h  ing, 

Another c h a r a c t e r i s r t i c  of b a z a l t  t h a t  may be  r e l a t e d  to its 

d e s i r a b i l i t y  lor m a i z e  g r i n d i n g  i s  t h a t  i t  does n o t  g i v e  o f f  

much g r i t  when b e i n g  used, P e r h a p s  b e c a u s e  a f f  i ~ a i z e  g r i n d i n g  

was d o n e  on b a s a l t  metates, t h e  o n l y  m e n t i o n  of g r i t  by a n  

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

s c r u b b i n g  c l o t h e s ,  Grit was m e n t i o n e d  by Ramon Rarnos, h o u e v e s ,  

who c o n t r a s t e d  v e s i c u l a r  b a s a l t  with t h e  a n d e s i t e  o f  Eaahuala, 

G u a t e m a l a ,  R e  c l l a i a e d  t h a t  o n l y  v e s i c u l a r  b a s a l t  d i d  n o t  l e a v e  

a g s i t t y  r e s i d u e ,  

Use-life is o f t e n  a n  i ~ p o r t a n t  m a t e r i a l  a t t r i b u t e ,  a n d  

u s e - l i f e  estimates were o b t a i n e d  f o r  v e s i c u l a r  b a s a l t  "raetates i n  

San Rateo, These r a n g e d  f r o m  1 0  t o  100 y e a r s ,  w i t h  a  median of 

35 y e a r s ,  H e p o s t s  of a c t u a l  ages  o f  ntetates s t i l l  i n  u s e  %ere 

a l s o  o b t a i n e d ,  The rnedian r e p o r t e d  a g e  was 20 y e a r s ,  w i t h  a 

r a n g e  f r o m  o n e  t o  100 y e a r s  (Table 3 ) -  Although i n f o r m a n t  

estimates of t h i s  s o r t  a re  o f t e n  s u b j e c t  t o  sum i n a c c u r a c y ,  t h e  

two sets of e s t i m a t e s  are s u f f i c i e n t l y  similar t o  s u g g e s t  t h a t  

e x p e c t e d  u s e - l i f e  es t imtes  a r e  p r o b a b l y  f a i r l y  r e l i a b l e ,  



T a b l e  I, rjse=&sg E s t j n a t e s *  2 9  gg~oyted &g_ep pg Basal t  --- 
Retakes --- and P-Z iYanos0 L- Saa --- Bateo -- and m a c a t e n a n *  

No, of Households Reporting 
Ro, Use-Life R e p o s t e d  Reported Use-Life Reported 
of Estimates Byes oE Ages of E s t i ~ a t e s  Ages of 

fl e a r s  of Hetates: g e t a t e s :  of flanos: Hanos: 
Eetates: San ffateo Bguaca- San Hateo San Eateo 

San Bateo tenango 
3 - 2  0 1 1 0 2 

3 0 2 1 1 2 
4 0 1 2 0 f 
5 D 2 3 0 3 
6 0 0 @ 5 0 
7 0 1 0 0 1 
8 0 2 t 1 2 
9 0 0 0 0 0 

10 3 5 3 2 6 
15 4 1 2 4 2 
20 3 Y 7 11 3 
25 3 0 1 1 1 
30 2 2 2 5 
35 4 2 1 1 2 
4 0  ' 2 4 1 0 1 
45 1 1 1 0 0 
5 0 2 1 6 0 1 
55 1 0 0 1 0 
60 3 i) 0 2 0 
65 0 1 0 0 1 
70 0 0 0 0 0 
75 2 0 0 0 0 
80 1 0 0 0 0 
85 0 0 0 D 8 
90 0 0 0 0 0 
95 0 0 0 0 0 

Purtherwre,  from a oser-orieuted perspective t h e  use - l i f e  

estimates suggest t h a t  a metate c o u l d  reasonably be e x p e c t e d  to 

l a s t  about  t h e  a d u l t  lifetime of a user, 



s t o n e s  w i t h  u s e r s ,  it was d i s c o v e r e d  t h a t  t h e r e  were t w o  g r a d e s  

of b a s a l t  which were d i s t i n g u i s h e d  b e c a u s e  of d i f f e r e n c e s  in 

expected u s e - l i f e -  T h e  p r e f e r r e d  g r a d e  of b a s a l t ,  c a l l e d  

a b l a c k H  s t o n e  {a d a r k ,  l o w - v e s i c u l a r  b a s a l t ) .  was c o n s i d e s e d  

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

i n f e r i o r  g r a d e  of b a s a l t ,  r e f e r r e d  to a s  * w h i t e w  stone 

[ c o n t a i n i n g  more  small  v e s i c l e s ,  with l i g h t  c r y s t a l  coa kings)  

was  c h e a p e r ,  b u t  was a l s o  s o f t e r  a n d  d i d  not l a s t  a s  l o n g ,  T h e  

d i f f e r e n c e s  i n  u s e - l i f e  c h a r a c t e r i s t i c s  of d i f f e r e n t  s t a n e s  was 

c o r r o b o r a t e d  b y  P a ~ o n  Raaos,  A c c o s d i n g  t o  him, u s e - l i f e  was 

h i g h l y  c o r r e l a  tea w i t h  stone h a r d n e s s ,  w i t h  s o f t e r  materials 

f a s t i n g  a b o u t  15 y e a r s ,  B e  e s t i r a a t e d  t h a t  harder a a t e r i a f s  

c o u l d  l a s t  a n y w h e r e  f r o m  30 t o  100 y e a r s ,  d e p e n d i n g  o n  t h e  care 

with w h i c h  they were used,  The d i s t i n c t i o n  be tween  g r a d e s  of 

b a s a l t  m y  a c c o u n t  f o r  the r a t h e r  e x t r e m e  r a n g e  o f  u s e - l i f e  

e s t i ~ a t e s ,  r e f l e c t i n g  d i f f e r i n g  e x p e c t a t i o n s  for d i f f e r e n t  

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

a ataterial a t t r i b u t e ,  s i n c e  this was t h e  b a s i s  f o r  e v a l u a t i n g  

t h e  b a s a l t ,  O n e  i n f o r m a n t  stated t h a t  t h e r e  was no difference 

i n  the  g r i n d i n g  a b i l i t y  o f  t h e  two t y p e s  of stone, 

1 r! s w m a r y ,  t h e  f u n c k i o n a l  c o n s t r a i n t s  on m a t e r i a l  

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

be p r o c e s s e d  o n  the s t o n e  w i l l  b e  a c t u a l l y  g r o u n d ,  a s  o p p o s e d  t o  

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

use; a n d  the desired f i n e n e s s  of t h e  g r o u n d  p r o d u c t ,  I n  



a d d i t i o n ,  f u l l  r e c o v e r y  of the g r o u n d  p r o d u c t  B a y  soaetifnes b e  

important, particularly f o r  p r e c i o u s  p r o d u c t s  s u c h  a s  c o f f e e ;  

and  an  e x t e n d e d  use-life seems t o  b e  i ~ p o r t a n t  f o r  t h e  

e c o n o m i c a l l y  i m p o r t a n t  maize grinding metates- T h e  actual s t o n e  

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

t h e s e  c o n s t r a i n t s  i n c l u d e d  hardness, c o l o r ,  and, i n d i r e c t l y ,  

t e x t u r e .  Q f  t h e s e  t h e  d e f i n i t i o n  a n d  perception of c o l o r  and 

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

of i i ~ e s t o n e  a s  h a r d ,  a n d  the l o c a l  d i s t i n c t i o n  between " b l a c k "  

and  " w h i t e i *  v e s i c u l a r  b a s a l t ,  S t o n e  t e x t u r e ,  a l o n g  w i t h  o t h e r  

a t t r i b u t e s  s u c h  a s  resistance t o  a b r a s i o n ,  a p p e a r  to  b e  Dore 

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

more fully below.  

T e c h n o f o q i c a l  C o n s t r a i n t s  -2qqqesteL &P Spq &g3 &kg ------- --- --------- 
Obtaining i n f o r m a t i o n  krom f e s i d e n t s  of San Mateo 

c o n c e r n i n g  t e c h n o l o g i c a l  c o n s t r a i n t s  o n  m a t e r i a l  selection was 

n o t  p o s s i b l e ,  since no  o n e  there manufactored g r i n d i n g  s t o n e s .  

a h e r e  f o c a h P y  a v a i l a b l e  m a t e r i a l s  were u s e d ,  t h e y  were l arge ly  

u m o d i f  i e d ,  Nouever ,  Ramon Earnos p r o v i d e d  c o n s i d e r a b l e  

inf o r  mati an c o n c e r n i n g  t h e  w o r k i n g  of v e s i c u l a r  basa l t ,  which i n  

a a n y  i n s t a n c e s  may b e  extended t o  other raaterials, 

Ramon Raroos s t a t e d  t h a t  t h e  ~ r i m a r y  s t o n e  charac ter i s t ic  he  

looked f o r  w a s  r e s i s t a n c e  t o  b r e a h g e  ( i n  h i s  words, 4sheartzf), 

I t  was a l s o  n e c e s s a r y  f o r  t h e  lnateriaf b e i n g  worked t o  h e  

"softera3 t h a n  t h e  t a o f s  u s e d  t o  work  it,. H e  s a i d  t h a t  the 

h i g h l y  vesicular ( " u h i t e 8 * )  material u a s  t h e  e a s i e s t  t o  work, and 
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was less l i k e l y  t o  break, Ramon Rataost p r e f e r e n c e  f o r  t h e  

s i t h i t e g g  s tone  p r e s e n t s  a direct conflict b e t w e e n  f u n c t i o n a l  and 

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

i n f e r i o r  by users, Ranor; Ramos a l s o  d i f f e r e d  f ro la  u s e r s  i n  t h a t  

h e  d i d  n o t  c a t e g o r i z e  m a t e r i a l s  a s  s i m p l y  good o r  bad,  b u t  

seeafed t o  regard t h e n  more in terrtls of a con t inuum,  Be h a d  a 

t e n d e n c y  t o  r e g a r d  e a c h  s a s p l e  of stone as unique, b a s e d  o n  t h e  

r e l a t i v e  e a s e  with which i t  could b e  worked a n d  t h e  p o t e n t i a l  

r i s k s  t h a t  m i g h t  b e  e n c o u n t e r e d  i n  ~ o r k i n g  it, 

Another y s s s i  b l e  c o n s i d e r a t i o n  i n  @a ter iaf  select i o n  is t h e  

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

g r i n d i n g  s t o n e ,  a n d  the? n e e d  t o  d e v e l o p  t o u g h  h a n d s ,  W h i l e  t h i s  

sight not o r d i n a r i l y  b e  considered a t e c h n o l o g i c a l  c o n s t r a i n t ,  

i t  is p r o b a b f y  j u s t  a s  i ~ p o r t a n t  a s  t h e  a c q o i s i t i o n  of 

t e c h n o l o g i c a l  knowledge a n d  s k i l l ,  S p e c i f i c a l l y ,  without t h e  

d e v e l o p m e n t  of a p p r o p r i a t e l y  t o u g h e n e d  h a n d s  a n  i n d i v i d u a l  would 

p r o b a b l y  have  to t r ea t  t h e  F r o c e s s  of s h a p i n g  a s  p a r t - t i ~ e ,  

p i e c e  ~ e a l  work, Under  these c o n d i t i o n s  t h e r e  would p r o b a b l y  b e  

an e v e n  g r e a t e r  p r e f e r e n c e  f o r  softer, easier t o  work, - 

a a t e r i a l s ,  

f n  summary, the most i m p o r t a n t  a s p e c t  of t e c h n o l o g i c a l  

c o ~ s t r a i n t s  o n  g r i n d i n g  s t o n e  material s e l e c t i o n  is t h a t  t h e y  

a p p e a r  t o  b e  a 2 t i t h e t i c a l  t o  f u n c t i o n a l  c o n s t r a i n t s ,  

T e c h n o l o g i c a l  c o n c e r n  fo r  m a t e r i a l  r e s i s t a n c e  t o  b r e a k a g e ,  

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

all leads to  a p s e f e r e n c e  f o r  a s o f t e r  m a t e r i a l ,  F n n c t i o n a l P y ,  



however, ' the  h a r d e r  rnatesials a r e  c o n s i d e r e d  b e t t e r ,  

A t  f i r s t  g l a n c e  s o c i a l  f a c t o r s  would  a p p e a r  t o  h a v e  l i t t l e  

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

e s p e c i a l l y  since much  of t h e  v a r i a t i o n  i n  material c a n  b e  

e x p l a i n e d  by v a r i a t i o n  i n  f u n c t i o n ,  T h e  e f f e c t  of c r a f t  

s p e c i a l i z a t i o n  a n d  a  market economy, o r  t h e  soc ia l  o r g a n i z a t i o n  

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

some i m p a c t ,  however-  The most  o b v i o v s  effect is t h a t  t h e  

r e g i o n a l  m a r k e t  economy i n c r e a s e s  the r a n g e  o f  m a t e r i a l s  

a v a i l a b l e ,  s o  t h a t  r e s i d e n t s  of S a n  % a t e 0  a r e  n o t  t o t a l l y  

r e s t r i c t e d  t o  'what is f o c a l l y  available, At the same time, 

c r a f t  s p r ? c i a L i z a t i . c n  a n d  s u b s e q u e n t  m a r k e t i n g  Bay i m p o s e  sow? 

more subtle 1 i m i t a t i o n s  on ma t a r i a l  a v a i l a b i l i t y ,  a s  s u g g e s t e d  

b y  t u o  San 3ateo i n f o r m a n t s .  One i n f o r m i a t ,  who was v e r y  t h r i f t :  

c o n s c i o o s ,  c o m p l a i n e d  that  teetates made o f  t h e  c h e a p e r  m a t e r i a l  

sere d i f f i c u l t  t o  o b t a i n ,  The other i n f o r m a n t ,  o n  t h e  o t h e r  

hand ,  s t a t e d  t h a t  metates lilade of the c h e a p e r  & a t e r i a l  were 

e a s i e r  t o  o b t a i n  t h a n  t h e  b e t t e r ,  laore e x p e n s i v e  ones.  T h e r e  is . 
a p o s s i b i l i t y  t h a t  some s e a s o n a l  v a r i t i o n  e x i s t s  i n  the 

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

are t o  some e x t e n t  t i e d  t o  t h e  o c c u r r e n c e  of f o c a l  f e s t i v a l s  and 

t h e  m i g r a t i o n  of u ta rke rs  t o  t h e  l o w l a n d s ,  U n f o r t u n a t e l y ,  no  

i n • ’  o r n a  t i o n  is a v a i l a b l e  o n  t h e  r e l a t i v e  g a a n t i t i e s  o f  d i E f e r e n t  

g r a 3 e s  of b a s a l t  o r  s e a s o n a l  v a r i a t i o n  i n  t h e i r  a v a i l a b i l i t y  in 

the H u e h u e t e n a n g o  m a r k e t  uhere the r a a j o r i t y  o f  San Mateo 
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n o t  t h e  s u b s t a n c e  t o  b e  p r o c e s s e d  was t o  be a c t u a l l y  g r o u n d ,  the 

d e s i r e d  fineness o f  g r i n d ,  r e s h a r p e n i n g  need ,  e x t e n t  o f  

use-life, p r e s e n c e  of g r i t ,  and r e c o v e r y  of g r o u n d  material, 

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

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

An e x c e l l e n t  a r c h a e o l o g i c a l  e x a m p l e  of t h e  v a r i a t i o n  of 

g r i n d i n g  s t o n e  f u n c t i o n  a n d  nraterial comes f r o m  the P a p a g u e r i a ,  

i n  t h e  Arnericara S o u t h w e s t .  V e s i c u l a r  b a s a l t  was i ~ p o r t e d  t o  

s a g u a r o  c o l l e c t i o n  camps, where r n e t a t e s  were tnade a n d  u s e d  t o  

grind the s e e d s  of the s a g u a r o  f r u i t ,  which h a v e  a h i g h  o i l  

c o n t e n t -  In c o n t r a s t ,  s a n d s t c n e  and q u a r t z i t e  metates were 

found i n  o r g a n  p i p e  c a c t u s  c o l l e c t i o n  camps- T h e s e  were u s e d  t o  

g r i n d  t h e  o r g a n  c a c t u s  s e e d s ,  # h i &  were first d r i e d  a n d  p a r c h e d  

(Goodyear  1975: 83-88, 304, 185-187)- f n o t f i e ~  words ,  a l t h o u g h  

c a c t u s  seeds were b e i n g  g r o u n d  i n  b o t h  i n s t a n c e s ,  t h e  n a t u r e  and 

c o n s i s t e n c y  of t h e  s e e d s  was r a d i c a l l y  d i f f e r e n t  i n  the two 

cases a n d  a p p a r e n t l y  j u s t i f i e d  t h e  use of d i f f e r e n t  g r i n d i n g  

s t o n e  ~ a t e r i a l s ,  

The i m p o r t a n c e  of grinding, as  o p p o s e d  to r u b b i n g  or  

mashing may be n o t e d  i n  h i s t o r i c  m i l l s t o n e s  which were often 

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

c r u s h e d  ( H o r i t  z 3958: 37) * Similarf 1, e a r l y  C a n a d i a n  m i l l s t o n e s  

u s e d  f o r  g r i n d i n g  were o f t e n  i ~ ~ o r t e d  froa f r a n c s  i n  p a r t  

b e c a u s e  t h e  Preach s t o n e s  were n a t u r a l P y  s h a r p  i n  t e x t u r e  (Leung 



F i n e n e s s  of grind a s  a  c o x e r n  is  a p p a r e n t  i n  t h e  Amer ican  

s o u t h w e s t  a n d  i n  h i s t o r i c :  ~ i l P i n g  t e c h n o l o g y ,  I n  o r d e r  t o  

o b t a i n  meal. o f  s u f f i c i e n t  f i n e n e s s  the EIopi u sed  t h r e e  g s a d e s  o r  

t e x t u r e s  o f  sandstone f o r  t h e i r  g r i n d i n g  s l a b s  [Bartfett .  

1933:4) ,  S t o ~ e  t e x t u r e ,  o r  g r a i n  s i z e ,  is o n e  way of 

c o n t r o l l i n g  t h e  f i n e n e s s  of t h e  gsotnnd p r o d u c t ,  A n o t h e r  way, 

more  commonly u s e d  i n  E u r o p e  and t h e  historic Hew World, is t o  

sift t h e  g r o u n d  p r o d u c t  (Storck a n d  Teague 7952:53; Leung 

1981:UY-Y7). 

gith r e s p e c t  t o  r e s h a r p n i n g ,  R u s s e l l  (1908: 103) notes t h a t  

t h e  P i m a  r e s h a s ~ e n  t h e i r  g r i n d i n g  s t o n e s ,  glade frcm a c o a r s e  

g r a i n e d  local  faaterial, ~ i t h  a n  axe o r  a  s t c l a e  of similar s h a p e ,  

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

B a r t P e t t  (1933:4 )  notes t h a t  t h e  s a n d s t o n e  ~ e t a t e s  o f  t h e  Hopi 

are resharpened e v e r y  five d a y s  with a h a ~ m e a s t o n e ,  T h i s  is  not 

s t r i c t l y  c c m p a r a b l e  v i t h  S a n  f l a teo ,  s i n c e  maize i n  the S o u t h w e s t  

is n o t  p r e c o o k e d  (Melson 7981: 110) a n d  t h r e e  different grades of 

s a n d s t o n e  a r e  u s e d  t o  c o m p l e t e  a s i n g l e  g r i n d i n g  (Bar t le t t  

1933:Y), It d o e s  suggest one p o s s i b l e  eatreme i n  r e s h a r p e n i n g  

f r e q u e n c y ,  however ,  Baja C a l i f o r n i a  is a t  the o t h e r  extreme, 

%here i t  gas r e p o r t e d  t h a t  v e s i c u l a r  b a s a l t  z n e t a t e s  were n o t  

r e s h a r p e n e d  a t  a l l ,  Eere however ,  t h e i r  p r i m a r y  u s e  was 

a p p a r e n t l y  f o r  grinding coffee, n o t  ~ a i z e  (Aschmann 1949: 6 8 3 )  - 
As n o t e d  f a r  5 a n  R a t e o ,  when a sewrate b a s a l t  metate is u s e d  

f o r  g r i n d i n g  c o f f e e ,  i t  is c o t  r e p e c k e d  o r  r e s h a r p e n e d ,  Xa 



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

r e s h a r p e n e d  o n l y  o n c e  e v e r y  y e a r  o r  two { C l a r k  1980: 5161, This 

may be i n f l u e n c e d  by t h e  u s e  of modern iiietaf c o r n g r i n d e r s  to  do 

t h e  first,  sough ,  g r i n d i n g  of the maize ,  w i t h  t h e  result t h a t  

there  is less sear on the metate, H i s t o r i c  m i l l s t o n e s  were also 

r e s k a r p e n e d ,  t h e  f r e q u e n c y  v a r y i n g  from o n c e  e v e r y  few d a y s  t o  

as o f t e n  a s  e v e r y  day, d e p e n d i n g  i n  p a r t  o n  t h e  t y p e  and  e x t e n t  

of grinding b e i n g  d c n e  (Eunr te l s  1981a:245; Zeung  l%l:98). Ia 

modern c o m m e r c i a l  c o n t e x t s ,  the p r o b l e m  o f  resharpen ing  is 

avoided b y  u s i n g - - o r  B o r e  often l a a n u f a c t u r i n g - - a  s t o n e  w h e r e  t h e  

bonding s t r e n g t h  i s  s u c h  t h a t  g r a i a s  t e n d  to  b r e a k  free a t  a b o u t  

t h e  time they become dull ( B r a d y  l9^71:378) - 
An o v e r t  c o n c e r n  for  t h e  u s e - f i f e  of g r i n d i n g  s t o n e s  a s  a  

factor ir, material selection is m c s t  e x p l i c i t  i n  r e f e r e n c e s  t o  

h i s t o r i c  n i f l i n g  s t o n e s  (Leung '3981 : 3 8 ;  R u n n e l s  l98la: 6 2 3 ,  It 

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

s e l e c t i o n  f o r  t h e  s a i z e  g r i n d i n g  iiietates Aade i n  Charnula, 

C h i a p a s ,  a n d  i n  Oaltaca ( P o z a s  1959: 100; Cook l98l:V-l2) - Rctual 

u s e - l i f e  e s t i ~ a t e s  of g r i n d i n g  s t o n e s  are  rare, a n d  do n o t  take 

i n t o  a c c o u n t  l a a t e r i a l  v a r i a t i c n ,  Cook g i v e s  a n  average of 

f i f t e e n  y e a r s  f o r  g r a n i t i c  m t a t e s  ia Oaxaca  (Cook 3970:795), 

w h i l e  Aschmann gives est imtes  cf E i f t e e n  a n d  t w e n t y  y e a r s  for 

v e s i c u l a r  k a s a l t  me ta tes  i n  aa ja Cal i forn ia  (Aschreann 

3949: 685,686)- Use-life e s t i ~ a t e s  of a n d e s i t e  ~ e t a t e s  in 

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

l a e t a t e s  s t i l l  i a  use r a n g e d  from one  t o  100 y e a r s ,  w i t h  a median 



of 20 pears ( T a b l e  3) This is t h e  same a s  f o r  t h e  v e s i c u l a r  

basalt m e t a t e s  of San Hatao, B a r t l e t t  d o e s  not g i v e  use-life 

e s t i a a t e s  for t h e  Hopi sandstone g r i n d i n g  s l a b s ,  a l t h o u g h  s h e  

g e n t i o n s  t h a t  o b t a i n i n g  new s a n d s t o n e  @ a t e r i a l  is a e  a n n u a l  

women3 s r i t u a l  ( B a r t l e t t  3933: I @ ) ,  s u g g e s t i n g  tha t  the use-life 

gay  be r e l a t i v e l y  short, p e r h a p s  o n l y  a f e w  years ,  

~ n d e s i r a b i l i t y  o f  g r i t  i n  t h e  ground p r o d u c t  h a s  been  

ment ioned  i n  c o n n e c t i o n  w i t h  both Roman a n d  h i s t o r i c  commercial. 

aiLlstones ( S t o r c k  and Teague 3952:vi; R u n n e l s  1981a:143; Leung 

1981:38), It h a s  a l s o  beem notea e l s e w h e r e  in the Haya a r e a  

[Ray den i n  press: 2 4)- For  the  rema i n i n g  f u n c t i o n a f  c o n s t r a i n t ,  

recovery of ground g a t e r i a l ,  t h e s e  a r e  no  references i n  the 

l i t e r a t u r e ,  s u g g e s t i n g ,  a s  d i d  the S a n  Ra te0  i n f o m a a t s ,  that 

this may o n l y  r a r e l y  b e  a  s i g n i f i c a n t  concern,  

x g & n o l o q i c a  1 C o n s t r a i n t s  

T u r r r i n g  t o  the t e c h n o l o g i c a l  c o n s t r a i n t s  on g r i n d i n g  s tone  

@ a t e r i a l  s e l e c t i o n ,  i t  w i l l  b e  recalled t h a t  t h e  T+sof tern--and 

less d u r a b l e - - @ a t e r i a l  was e a s i e r  t o  uork, and less l i k e l y  to 

break ,  T h e  rxletate nakers of Oaxaca a l s o  p r e f e r  working softer 

m a t e r i a l ,  which they c a n  judge b y  t h e  lessez: feeling of shock in 

r e s p o n s e  t c  s t r i k i n g  i t  {Cook 1973: I W O ] ,  T h i s  s t o n e  is  less 

d e s i c a b  le f r o s  t h e  userts p e r s p e c t i v e  because it is less d u r a b l e  

and  needs more f r e q u e n t  resharpening-  Apparent1 1, however,  n o t  

all b u y e r s  a r e  aware  of t h e  more d u r a b l e  stone (Cook 1993:V-12, 

13) , P o z a s a  d e s c r i p t i o n  of m a t e r i a l  s e l e c t i o n  by C h a m f a  metate 

makers  mentions t h e  two c o n s t r a i n t s  of function and t e chno logy-  



T h e r e ,  p o t e n t i a l  m a t e f i a l  sources a r e  tested to  d e t e r m i n e  how 

e a s i l y  t h e y  b r e a k ,  a n d  a l s o  t h e i r  ability l o  withstand the wear 

of g r i n d i n g  f P o z a s  1959: 1 0 0 ) ,  u n f o r t u n a t e l y ,  h e  d o e s  not 

a e n t i o n  w h e t h e r  the two  a t t r i b u t e s  c o n f l i c t ,  and  if s o ,  which i s  

g i v e n  g r e a t e r  i r a p o r t a n c e ,  Punnef s (198 l a :  62)  a l s o  m e n t i o n s  b o t h  

w o r k a b i l i t y  a n d  d a r a b i f i t y  a s  i ~ p o r t a n t  c o n s t r a i n t s  o n  s e l e c t i n g  

stone m a t e r i a l s  f o r  G r e e k  m i l l i n g  s t o n e s ,  

S o c i a l  C o n s t r a i n t s  ---- --------- 
The effec t  of s o c i a l  o r g a n i z a t i o n  i n  t h e  fo ra t  of craft. 

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

s e l e c t i o n  c a n  be seen t h r o u g h o u t  much of B e s o a @ e r i c a ,  The aaize  

g r i n d i n g  m e t a t e s  u s e d  i n  A g u a c a t e n a n g o  are m a n u f a c t u r e d  o f  

a n d e s i t e  i n  C h a m l a ,  which s u p p l i e s  t h e  metates ssed t h r o u g h o u t  

t h e  T z o t a i l t  a r e a  f l-augttl in 1969: 1 6 2 - - a l t h o u g h  L a u g h l i n  refers to 

them a s  basalt). In Baja C a l i f o r n i a ,  t h e  v e s i c l u a r  b a s a l t  

metates  o f  o n e  c r a f t  s p e c i a l i s t  may b e  found u p  to 255 miles 

away (Ascfamarmn lS49:685), I n  s o u t h w e s t e r n  G u a t e ~ n a l a  t h e r e  a r e  

o n l y  two a c t i v e  n e t a t e  p r o d u c t i o n  c e n t e r s :  H a l a c a t a n c i t o ,  where 

b a s a l t  lnetates a z e  made, a n d  Nahau la ,  w h e r e  mta tes  are  made o f  

andesite flvfceryde l947:6 13, I n  Wisdom's d i s c u s s i o n  o f  E a s t e r n  

G u a t e ~ a l a ,  w e t a t e s  were m a n u f a c t u r e d  o n l y  i n  J i l o t e p s q u e ,  

J a l a p a .  T h e s e  were made of g r a n i t e  a n d  w i d e l y  d i s t r i b u t e d  

(Wisdore 7 940: 24)- Bhere c r a g  t s p e c i a l i z a t i o n  o c c u r s ,  t h e  

a a t e r i a l s  u s e d  a p p e a r  t o  b e  b a s a l t ,  a n d e s i t e ,  o r  granite, 

depending o n  r e g i o n a l  a v a i l a b i l i t y ,  I n  c o n t r a s t ,  s a n d s t o n e  i s  

u s e d  among t h e  Hopi ,  where g r i n d i n g  s t o n e  p r o d u c t i o n  is 



a p p a r e n t l y  n o t  a c r a f t  s p e c i a l i z a t i o n -  A c c o r d i n g  t o  Ba r t l e t t  

f l 9 3 3 : l l t f ,  the women are  a v a r e  o f  a n d  p r e f e r  v e s i c u l a r  b a s a l t ,  

however  s a a d s t o n e  s o u r c e s  a re  c l o s e r  t o  t h e  v i l l a g e  a n d  material 

p r o c u r e m e n t  h a s  Been i n c a r p o s a t e d  i n t o  a women@ s r i t u a l ,  Among 

t h e  Pima,  a s  w e l l ,  a e t a t e s  are a a d e  b y  o w n e r s  from a l o c a l  

coarse g r a i n e d  m a t e r i a l .  P r e h i s t o r i c a f  ly, h o w e v e r ,  t h e  Hohokam 

i i n p o r t e d  v e s i c u l a r  b a s a l t  Retates  i n t o  t h e  s a a e  area ( B u s s e l l  

1908: 109).  T h e  ef fece of s o c i a l  o r g a n i z a t i o a  on rtlaterial 

s e l e c t i o n  roay a l s o  be seen i n  t h e  8 1 d  d o r i d ,  I n  B r o n z e  Age 

Greece t h e r e  gas a s h i f t  f r o m  l o c a l  ~ a t e r i a f s  ( s a n d s t o n e )  t o  

i m p o r t e d  m i t e r i a l s  ( a n d e s i t e ]  which o c c u r r e d  c o n c u r r e n t l y  w i t h  a 

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

d i s t r i b u t i o n  ( R u n n e l s  3981 b333, 

R e f e r e n c e s  t o  g r e e n  c o l o r e d  stone used  t o  @ash raed ic ina l .  

h e r b s  d o  n o t  o c c u r  i n  t h e  e t h n o g r a p h i c  l i t e r a t u s e ,  This nay 

i n d i c a t e  t h a t  t h e  San E a t e o  example was u n i q u e ,  or--more 

l i k e l y - - m a y  b e  a r e s u l t  of t h e  p a u c i t y  of e t h n o g r a p h i c  i n t e r e s t  

i n  s p e c i a l  use g r i n d i n g  s t o n e s ,  G r e e n  a t e t a t e s ,  a l t h o u g h  rare, 

are  f o u n d  a r c h a e s l o g i c a l l y ,  u s u a l l y  i n  L a t e  C l a s s i c  contexts 

( C o e  3959: 34;  Hammond 1975: 3 V Y ;  K i d d e r  3 9 4 7 ~ 3 3 ;  T h o a p s o n  

1939: 373)-  U n f o r t u n a t e l y ,  c o n t e x t u a l  in•’ ormation o t h e r  t h a n  

c ih ronofogy  is u s u a l l y  l a c k i n g ,  One  e x c e p t i o a s  is the g r e e n s t o n e  

metate f o u n d  a t  S e i b a l .  I t  o c c u r r e d  i n  a s s o c i a t i o n  with a 

f r a g m e n t  from an  a l a b a s t e r  vessel a t  t h e  edge of a small s o u n d  

t h a t  was p a r t  of  a h o u s e h o l d  coroplelr { T o a r t e l l o t  1930:412), 

T o u r k e l l o t  s u g j e s t s d  t h a t  t h i s  may h a v e  been  used Tor g r i n d i n g  



p i g  ment 3, a l t h o u g h  no t r a c e s  r e m a i n e d -  0 nly cne o t h e r  w p r i v a  tes3 

sound was f o u n d  d u r i n g  e x c a v a t i o n  o f  t h e  r e s i d e n t i a l  area f o r  

S e i b a l ,  a n d  t h i s  was a b u r i a l  mound- 

Bodern  M a t e r i a l s  Data  
I_---- --I_- I-- 

C o m p a r a t i v e  d a t a  c o n c e r n i n g  c o n s t r a i n t s  on a a t e r i a f  

s e l e c t i o n  is a v a i f a b l e  f r o m  modern i n d u s t r i a l  s o c i e t y  a s  w e l l  as  

t h e  e t h n o g r a p h i c  and  h i s t o r i c  s o u r c e s  r e f e r r e d  t o  a b o v e -  g i t h i n  

the c o n t e x t  of a o d e r n  t e c h n o l o g y ,  f u a c t i o n a l  c o n s t r a i n t s  o n  

s k o n e s  used f o r  g r i n d i n g  o r  abrad ing  i n c l u d e  t h e  d e s i r e d  

f i n e n e s s  o f  g r i n d i n g ,  durability ( ( u s e - l i f e ) ,  r e s i s t a n c e  to 

d u l l i n g ,  efficiency { p r o d u c t i v i t y ) ,  h a r d n e s s  of t h e  substance 

b a i n g  g r o u n d ,  a n d  u n i f o r m i t y  of  g r i n d i n g  and  wear ( B r a d y  

997 124-6, 378, 515 ) -  F o r t u n a t e l y  t h e  r e f a t i o n s h i ~  b e t w e e n  t h e s e  

c o n s t r a i n t s  a n d  a number of material a t t r i b u t e s  is f a i r l p  well 

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

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

s t r e n g t h  of g r a i n  bond ing ,  a n d  g r a i n  s p a c i n g  or  s t r u c t u r e ,  

G r a i n  size is r e l a t e d  t o  the d e s i r e d  d e g r e e  Q•’ f i n e n e s s  o f  

t h e  g r o u n d  p r o d u c t ,  w i t h  t h e  srnallest g r a i n  s i z e s  u s e d  f o r  

p o l i s h i n g  [ B r a d y  1971:6), G r a i n  s i z e  Bay a l s o  B e  related t o  

d u r a b i l i t y ,  w i t h  f i n e s - g r a i n e d  s t o n e s  t e n d i n g  to  be  Bore d u r a b l e  

(Wurphy 1957:93, 340-3139), G r a i n  h a r d n e s s  is a l s o  matched  t o  

t h e  s u b s t a n c e  b e i n g  p r o c e s s e d ,  u i t h  the h a r d e r  g r a i n e d  s t o n e s  

u s e 3  for h a r d e r  s u b s t a n c e s ,  F o r  ntodern a b r a s i v e  m a t e r i a l s  t h e  

distinction between h a r d  and  s o f t  a p p e a r s  to f a l l  a t  a b o u t  6 o n  

t h e  Wohs s c a l e ,  w i t h  the s o f t e r  a b r a s i v e s  u s e d  p r i m a r i l y  for  



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

are g e n e r a l l y  h a r d e r  f Brady 1971: 4-6, 5 15)- 

F r a c t u r e  c h a r a c t e r i s t i c s  o i  t h e  s t o n e  grain a r e  m e n t i o n e d  

p f i a t a r i l y  i n  t h e  context o f  r e s i s k a n c e  to a t i t s i t i o n  p r i o r  t o  

d n f  ling (Brady  197 1:6), a l t h o u g h  p r e s u m a b l y  t h e y  would a f fec t  

s h a ~ p n e s s  a s  veP1, G r a i n  b o n d i n g  is a l s o  i r t i p o r t a n t  fo r  

d u r a b i l i t y  of the g r i n d i n g  s t o n e ,  The  b o n d i n g  s h o u l d  be  s t r o n g  

e n o u g h  t o  w i t h s t a n d  the p r e s s u r e s  t o  v h i c h  t h e  s t o n e  is 

s u b j e c t e d  d u r i n g  use a n d  to  resist e x c e s s i v e  a t t r i t i o n -  A t  t h e  

same time it s h o u l d  not be  too s t r o n g ,  as t h e  r e t e a t i o n  o f  

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

The problems of g l a z i n g  are a p p a r e n t l y  p a r t i c u l a r l y  c r i t i ca l  f o r  

s a n d s t o n e  ( B r a d y  1971: 6, 3783, 

G r a i n  s t r u c t u r e  a f fec ts  t h e  amount  of @ a t e r i a l  t h a t  c a n  be 

p r o c e s s e d  i n  a g i v e n  t h e ,  w i t h  a porous or  open  c e l l u l a r  

s t r u c t u r e  g i v i n g  freer c u t t i n g ,  An open  c e l l u l a r  s t r u c t u r e  

seeats t o  be  character is t ic  of  t h e  ntost d e s i r a b l e  s t o n e s  f o r  

r t l i l l i n g  cereals ( B r a d y  1971:6, 5 3 5 ) -  It i s  also of p a r t i c u l a r  

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

9 9 r u b h e r y t a  s u b s t a n c e s ,  s u c h  a s  cereals w i t h  a h i g h  m o i s t u r e  

c o n t e n t  (Leuny 1981: Y O ) ,  

P i n a l l y ,  f o r  ~ o d e r n  i n d u s t r i a l  u s e r s  o f  g r i n d i n g  s t o n e s  

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

d e s i r a b l e ,  I l n i f o r r s i t y  of stone m a t e r i a l  insures b o t h  more ewen 

g r i n d i n g  a n d  more even wear of t h e  g r i n d i n g  s t o n e ,  In fact ,  

f a t h e r  than being made of n a t u r a l  s t o n e s  most g r i n d i n g  an4 



a b r a s i v e  s t o n e s  t o d a y  a r e  m a n u f a c t u r e d  i n  o r d e r  t o  i n s u r e  

uniformity of g r a i n  size and h a r d n e s s  ( B r a d y  lr1971:Y, 377, 378, 

513) 

T h e  a b i l i t y  t o  e v a l u a t e  t h e  w o r k a b i l i t y  of s t o n e  materials 

is a s  i m p o r t a n t  t o  modern s c u l ~ t o r s  a s  i t  is t o  s a k e r s  of 

g r i n n i n g  s t o n e s ,  Among t h e  s t o n e  p r o p e r t i e s  s c u l ~ t o r s  c o n s i d e r  

are t h e  p r e s e n c e  o f  flaws, h a r d n e s s ,  t e x t u r e ,  a n d  b r i t t l e n e s s  

( t h e  t e n d e n c y  of t h e  a a t e r i a f  t o  s h a t t e r )  ( R i c h  Igt37: 268 ,  234, 

269)- Df t h e s e  p r o p e r t i e s  t h e  f r e e d o m  frola flaus, s u c h  a s  

c r a c k s ,  v e i n s ,  o r  s t r a t i f i c a t i o n  is c o n s i d e r e d  most i m p o r t a n t ,  

These f l a g s  a re  s a i d  t o  r e s u l t  i n  " d e a d n  stone, which g i v e s  o f f  

a dull s o u n d  when s t r u c k  [ l i i c h  19t17:259), H a r d n e s s  of  t h e  s t o n e  

is d e t e r m i n e d  p r i ~ a r i l y  by t h e  b o n d i n g  o f  t h e  g r a i n  o r  c r y s t a l  

s t r u c t u r e .  A s  t h e  s t r e ~ g t h  of t h e  b o n d i n g  i n c r e a s e s ,  t b l j  stone 

becomes  harder and  Bore d i f f i c u l t  t o  work ,  S t o n e s  of i g n e o u s  

o r i g i n  are  g e n e r a l l y  among t h e  h a r d e s t ,  m a t e r i a l s ,  a l t h o u g h  the 

h a r d n e s s  of  g r a n i t e  n a y  v a r y  c o n s i d e r a b l y  depending on t h e  

q u a r t z  c o n t e n t ,  c r y s t a l  s i z e  and s t r u c t u r e ,  Some s a n d s t o n e s ,  

w i t h  a h i g h l y  s i l i c e o u s  c e m a t i n g  m a t r i x ,  may a l s o  b e  " q u i t e  hard 

( R i c h  7947:258, 270, 214, 221) -  

T e x t u r e  02  t h e  s t o n e  material is i ts  s u p e r f  i c i a i  

a p p e a r a n c e ,  Texture is d e t e r m i n e d  b y  t h e  g r a i n  o r  c r y s t a l  s i z e  

a n d  a r r a n g e m e n t ,  i n c l o d i s g  t h e  c o m p a c t n e s s  or  p o r o s i t y  of the 

g r a i n  s t r u c t u r e  ( R i c h  1947:258),  U n i f o r m i t y  i n  t e x t u r e  is n o r e  

i a p o r t a n t  t o  s c a l p t o r s  t h a n  t h e  a c t u a l  g r a i n  or c r y s t a l  s i z e ,  a s  

u n i f o r m i t y  r e d u c e s  r i s k  t o  the c a r v e r ,  whose skill d e p e n d s  i n  



h a n d l i n g  s t o n e  m a t e r i a l .  S a n d s t o n e s  a r e  o f t e n  difficult t o  

c a r v e  b e c a u s e  of i r r e g u l a r i t i e s  i n  t e x t u r e  a n d  h a r d n e s s ,  Hare 

p o r o u s  # a t e r i a l s  may sometimes b e  easier t o  work, b u t  a re  

g e n e r a l l y  n o t  u s e d  by s c u l p t o r s  a s  t h e y  d o  n o t  take a good 

p o l i s h ,  Among s c u l p t o r s  u n i f o r m i t y  o f  t e x t u r e  is c o n s i d e r e d  

nore c r i t i ca l  t h a n  r e l a t i v e  s o f t n e s s  (Rich 1997: 21U, 218-222, 

225-226, 2591, 

B r i t t l e n e s s  of s t o n e  l ate rials is a complex p r o p e r t y ,  

r e s u l t i n g  i n  p a r t  from reicroE.Laws i n  t h e  material, T h e s e  f laws 

Bay be i a h e r e n t  i n  t h e  s t o n e ,  o r  Ray r e s u l t  f rom w e a t h e r i n g .  I n  

g e n e r a l ,  smaller g r a i n e d ,  @ o r e  c o w p a c t  m a t e r i a l s  are less a p t  t o  

be  b r i t t l e ,  G t l a n i  tes are p a r t i c u l a r l y  s u s c e p t i b l e  t o  b r i t t l e  

f a i l u r e ,  p a r t i c u l a r l y  t h o s e  w i t h  a  h i g h  mica c o n t e n t  [ R o s e n t h a f  

E Asintow 197 1: 124- 127; f lurphy 1957: 3 V O - 3 Q 2 ;  R i c h  1947: 2G1), 

D i s c u s s i o n  of C o n s t 3 : g i n t s  ; ggrs&cton o;f f laterial  f o g  G r i n d i n g  -------- 
S t o n e s  -- 

T h i s  s e c t i o n  on g r i n d i c g  s t o n e  i a a t e r i a l s  was begun w i t h  two 

q u e s t i o n s ,  wha t  c o n s t r a i n t s  i n f l u e n c e  t h e  c h o i c e  o f  aa te r ia f  f o r  . 
g r i n d i n g  s t o n e s ,  a n d  ghat b e n e f i t s  c o m p e n s a t e d  f o r  t h e  cos ts  of 

i a p o r t i n g  v e s i c u l a r  b a s a f t ,  U h i l e  a l l  c o n s t r a i n t s  a p p e a r  t o  

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

f u n c t i o n  a p p e a r s  t o  be t h e  s t r o n g e s t ,  It c a n n o t  b e  r e p e a t e d  too 

often t h a t  v a r i a t i o n  i n  t h e  g r i n d i n g  f u n c t i o n  d o e s  e x i s t ,  T h e  

s u b s t a n c e s  b e i n g  '*ground3' map v a r y  i n  h a r d n e s s  a n d  i n  m o i s t u r e  

c o n t e n t ,  T h e y  nay vary i n  w h e t h e r  t h e y  w i l l  be g round ,  r u b b e d ,  
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gashed,  c r u s h e d ,  o r  p o l i s h e d ,  a n d  how f i n e l y -  As w e l l ,  t h e  

v o l u a e ,  o r  q u a n t i t y  of a s u b s t a n c e  t o  be  processed can v a r y ,  as 

c a n  t h e  frequency cf ~ r o c e s s i a g ,  ~ a r i a t i o n  i n  t h e  g r i n d i n g  

f u n c t i o n  w i l l  b e  r e f l e c t e d  t o  sow? e x t e n t  i n  t h e  c h o i c e  of stone 

material, p a r t i c u l a r l y  its t e x t u r e  aztd h a r d n e s s -  As t h e  v o f u i ~ e  

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

o n  c h o i c e  of stone m a t e r i a l  will a l s o  i n c r e a s e ,  

T h e  influence of t e c h n o l o g i c a l  c o n s t r a i n t s  on grinding 

s t o n e  m a t e r i a l  s e l e c t i o n  appears t o  be c o n s i d e r a b l y  less than 

t h a t  o f  f u n c t i o n a  1 c o n s t r a i n t s ,  Nowever t e c h n o l o g i c a l  

c o n s t r a i n t s  d o  exist: materials v a r y  i n  the ease w i t h  which they 

can b e  worked s a d  i n  their: s u s c e p t i b i l i  t y  t o  f a i l u r e -  The 

effect of t e c h n o l o g i c a l  c o n s t r a i n t s  seers, however, either t o  be 

t h e  i n t r o d u c t i o n  of ra inor  v a r i a t i o n  i n  material  s e l e c t i o n  [as  in 

t h e  p r e f i z r e n c e  of metate m a k e r s  for the "softexr'" i g n e o u s  

stones] . o r  t o  be a r e f l e c t i o n  o f  soc i a l  c o n s t r a i n t s  (as i n  t h e  

e x t e n s i v e  u s e  of igneous raa ter ia3 .s  b y  c r a f t  s p e c i a l i s t s  a s  

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

t n a t e r i a l s  b y  a o n - s p e c i a l i s t s ) ,  

The  effect  of s o c i a l  c o a s t r a i n t s  on grinding stone  ater rial 

s e l e c t i o n ,  like t h e  ef feck of t e c h n o l o g i c a l  c o n s t r a i n t s ,  a p p e a r s  

t o  be r e l a t i v e l y  nainor a n d  p e r h a p s  i n d i r e c t ,  It may s rzae t i rnes  

r e f l ec t  s o w  s o r t  o f  i d e n t i t i f i c a t i o n  w i t h  a  s o c i a l l y  l ir t t i ted 

b e f i e f  s y s t e l a ,  a s  i n  t h e  choice of g r e e n s t o n e  for  a n  h e r b  

taasftiny s t o n e ,  I t  is @ore l i k e l y ,  however ,  t h a t  the effect of 

social c o n s t r a i n t s  on m a t e r i a l  s e l e c t i o n  reflects t h e  s o c i a l  



c o n f l i c t  b e t w e e n  f u n c t i o n a f  a n d  technofog ica l  c o n s t r a i n t s ,  T h i s  

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

or  p r o b l e m s  being s o l v e d ,  

E x p l a i n i n g  t h e  u s e  o f  v e s i c u l a r  b a s a l t  was t h e  s e c o n d  

q u e s t i o n  p o s e d  a t  t h e  b e g i n n i n g  o f  t h i s  s e c t i o n  o n  material 

s e l e c t i o n ,  I n  p a r t i c u l a r  t h e r e  was the q u e s t i o n  of what 

b e n e f i t s  would c o a p e n s a t e  for t h e  c o s t s  o f  i ~ p o r t a t i o n -  A t  

l eas t  t h r e e  b e a e f i t s s e e a  t o  be a s s o c i a t e d  w i t h  t h e  u s e  o f  

v e s i c u l a r  b a s a l t ,  These b e n e f i t s  a re ,  f i r s t  g r e a t e n :  g r i n d i n g  

e f f i c i e n c y  i n  p r o c e s s i n g  t h e  r e l a t i v e l y  soft aria m o i s t  

p r e - c o o k e d  a a i z e ;  s e c o n d ,  i n c r e a s e d  e f f i c i e n c y  i n  p r o c e s s i n g  

l a r g e  q u a n t i t i e s  of m a i z e  i r r e s p e c t i v e  o f  its m o i s t u r e  content; 

and  t h i r d ,  i n c r e a s e d  d e p e n d a b i l i t y  of t h e  g r i n d i n g  s t o n e  a s  a 

r e s u l t  of its l o n g e r  u s e - l i f e  and  r e d u c e d  r e s h a r p e n i n g  needs ,  

T h e  f a c t  t h a t  t h e s e  b e n e f i t s  are o f  s u f f i c i e n t  i m p o r t a n c e  t o  

j u s t i f y  the e x p e n s e  of i w p o r t i n g  stone reflects t h e  i ~ p o r t a n c e  

of m a i z e  i n  t h e  loca l .  d i e t ,  As maize o r  o t h e r  g r a i n s  i n c r e a s e d  

i n  i m p o r t a n c e  i n  t h e  s u b s i s t e n c e  econonty more would b e  

p r o c e s s e d ,  on a more r e g u l a r  b a s i s ,  T h i s  would r e s u l t  i n  a n  

i n c r e a s e d  amount  o f  time s p e n t  g r i n d i n g ,  i n c r e a s e d  use -wear  on 

t h e  s t o n e ,  a n d  i n c r e a s e d  s t o n e  p r o c u r e m e n t  r e q u i r e m e n t s ,  All 

t h e s e  f a c t o r s  would i n c r e a s e  the d e s i r a b i l i t y  of a more  

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

However, t h i s  a l o n e  d o e s  not seem t o  b e  s u f f i c i e n t  t o  r e s u l t  i n  

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



among the Hopi  i a  t h e  American S o u t h w e s t -  Addition of 

f a c t o r ,  p r e c o o k i n g  maim so  t h a t  i t  is s o f t  a n d  moisk ,  

t h e  third 

may be  

e v e n  more c r i t i c a l -  S i m i l a r l y ,  p r o c e s s i n g  of a r e l a t i v e l y  s o f t ,  

m o i s t  o r  o i l y  substalace,  t h e  o l i v e ,  may h a v e  Been a c r i t i c a l  

f a c t o r  i n  i n c r e a s e d  u s e  of a n d e s i t e  in Bronze Age Greece 

( R u n n e l s  19843b:.3-3, 6 ) -  

T h e  s t o n e  p r o p e r t i e s  a s s o c i a t e d  w i t h  t h e s e  k e n e f  its i n c l u d e  

t h e  v e s i c u l a r  t e x t u r e ,  o r  p o r o u s  structure, and the i a a t e s i a l  

h a r d n e s s ,  T h e  p o r o u s  s t r u c t u r e  i n c r e a s e s  t h e  araount o f   ater rial 

t h a t  c a n  b e  ground i n  a g i v e n  time, is r e s i s t a n t  t o  p o l i s h i n g  or  

d u l i i n y ,  and i n c r e a s e s  t h e  ease o f  g r i n d i n g  sof t ,  moist, 

precooked maize ,  The h a r d n e s s  of t h e  s t o n e  and  i t s  r e s i s t a n c e  

t o  d u l l i n g  w o u l d  b o t h  i n c r e a s e  its u s e - l i f e  a s  a g r i n d i n g  s t o n e ,  

T h i s  s a w  h a r d n e s s ,  however ,  is t e c h n o l o g i c a l l y  u n d e s i r a b l e ,  

r e s u l t i n g  i n  a c o n f l i c t  of c o n s t r a i n t s ,  T h a t  t h e r e  w i l l  h e  

c o n f l i c t s  i a  c o n s t r a i n t s  is a p r e d i c t i o n  made by d e s i g n  t h e o r y ,  

As f u r t h e r  predicted b y  d e s i g n  t h e o r y  the r e s o l u t i o n  of s u c h  

c o n f l i c t s  will depend  on  the cultural c o n t e x t  and t h e  n a t u r e  of 

t h e  a d a p t i v e  p r o b l a ~ !  b e i n g  s o l v e d ,  T h e  i a c r e a s e d  d e s s n d  b a s e d  

on f u n c t i o n a l  b e n e f i t s  may be a  n e c e s s a r y  c o n d i t i o n  fo r  t h e  

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

d i f f i c u l t i e s  o f  w o r k i n g  i g a e o u s  stone nay b e  e a s e d  by the 

development of craft s p e c i a f i z a t i c n ,  T h u s ,  t h e  d s v e i o p m n t  of 

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

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

functional c o n s t r a i n t s  i n  a c o n t e x t  w h e r e  t h e  functions 1 



c o n s k r a i n t s  r e p r e s e n t  a major a d a p t i v e  p r o b l e ~ ,  

A n o t h e r  s i t u a t i o n  where material c h o i c e  which Bay i n d i c a t e  

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

g r o u n d  p r o d u c t ,  A f i n e l y  g r o u n d  meal Bay b e  i m p o r t a n t  %hen i t  

w i l l ,  be c o o k e d  by b a k i n g  r a t h e r  t h a n  b o i l i n g ,  a s  this allows a 

q u i c k e r ,  more even c o o k i n g ,  A b a k e d  p r o d u c t  i s  b o t h  more 

p o r t a b l e  a n d  h a s  greater s t o r a g e  p o t e n t i a l  ( M o r i t z  1958:145, 

3521, Eactors which  a r e  likely ta b e  i r e p o r t a n &  nhem the p r o d u c t  

is t h e  m a i n s t a y  of  t h e  d i e t ,  Q u i c k n e s s  of c o o k i n g  may a l s o  be 

i n p o r t a n t  i n  a n  area where fuel is l i a i t e d  o r  difficult t o  

o b t a i n -  Even where  the g r o u n d  p r o d u c t  is t o  b e  b o i l e d  or 

s t e e p e d  ( a s  c o f f e e  o r  a n  h e r b a l  t e a ) ,  a Bore f i n e l y  g r o u n d  o r  

mashed p r o d u c t  w i l l  c o o k  ntom q u i c k l y ,  and  w i t h  more f l a v o r ,  

T h e  o p p o s i t e  s i t u a t i o n ,  where  f i n e n e s s  of t h e  g r i n d  may B e  

u n d e s i r a b l e ,  i s  suggested by C o l s o n  (19 79: 25) i n  h e r  d i s c u s s i o n  

of a d a p t i v e  s t r a t e g i e s  i n  Axrica. She s t a t e s  t h a t  the g r i n d i n g  

s t o n e  is u s e d  rather t h a n  the wooden mrtar in titnes of f a m i n e  

because the g r i n d i n g  s t o n e  does n o t  r e m o v e  t h e  bran  from t h e  

aeaf aad t h u s  p r o v i d e s  a coarser b u t  b u l k i e r  seal, 

Ilnf o r t u n a t e l  y, t h e  s i t u a t i o n  w i t h  r e s p e c t  to eo r t a r s  a n d  

g r i n d i n g  stones i s  c o n s i d e r a b l y  B o r e  c o m p l e x  t h a n  s h e  i a p l i e s ,  

g o o d  m o ~ a r s  are or  have b e e n  used i n  A f r i c a ,  Asia, a n d  p r o b a b l y  

p r e - i n d u s t r i a l  E u r o p e  t o  d e h u s k  g r a i n  p r i o r  t o  g r i n d i n g  it, 

Wood is u s e d  f o r  d e h u s k i n g  mortars i n  o r d e r  t o  m i n i m i z e  b r e a k a g e  

of  t h e  g r a i n  b e f o r e  it is ground ,  making i t  e a s i e r  t o  s e p a r a t e  

the b r a n  a n d  t h e  g r a i n  { H o r i t z  7458:~xvi, 2 5 , 2 7 ;  # r a y b i l l  



d i f f e r e n t  f u l i c t i o n s  a n d  are g e n e r a l l y  n o t  i n t e r c h a n g e a b l e ,  .In 

many i n s t a n c e s ,  a s  is almost c e r t a i n l y  t h e  case i n  C o f s o n t s  

e x a ~ p f e ,  t h e y  are b o t h  p r e s e n t  a n d  b o t h  u s e d ,  a t  l e a s t  i n  times 

of ~ l e n t y  ( B o r i t a  1958:21-24; G o o d y e a r  1975: l fr5f f ) -  

C o l s o n ' s  p o i n t ,  however ,  c o n c e r n i n g  t h e  d i s t i n c t i o n  b e t w e e n  

f i n e  a n d  coarse m e a l  a n d  i t s  a d a p t i v e  i m p l i c a t i o n s  i s  well-made, 

a n d  can, i n  f ac t ,  b e  e x t e n d e d ,  %here f i n e n e s s  of grind c a n  b e  

d e m o n s t r a t e d  t o  be  a d e l i b e r a t e  c h o i c e  it a p p e a r s  t o  i a p P y  a 

condition of p l e n t y  of one sort  o r  a n o t h e r ,  w h e t h e r  t h e  ~ P e n t y  

of a n  a d e q u a t e  s u b s i s t e n c e  base (as i n  C o l s o n f s  e x a m p l e ,  and the 

example of b a k i n g ) ,  of the p l e n t y  a s soc ia t ed  v i t h  h i g h  s o c i a l  

s t a t u s  i n  a h i e r a r c h i c a l  s o c i e t y ,  T h e  l a te r  c o n d i t i o n  p r e v a i l e d  

i n  Boman ( a n d  n u c h  more recent) times, when f i n e - g r a i n e d  whi te  

b r e a d  d e n o t e d  h i g h e r  s t a t u s  [nor i tz  1958:~~~)- In t h e  Maya area 

t h e  maize for a to l e ,  v i t h  its c e r e m o n i a l  u s e  a n d  a s s o c i a t i o n s ,  

~ u s t  a h s o  be  f i n e l y  g r o u n d ,  

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

c o n s t r a i n t  i n  material s e l e c t i o n  nay  v a r y  w i t h  b o t h  f u - n c t i o n a l  

and  s o c i o e c o n o m i c  c o n t e x t ,  T h e  effect of f u n c t i o n a l  c o n t e x t  i n  

t h e  i a p o r t a n c e  of u s e - f i E ~  may b e  seezP i n  San f i a t e o ,  i n  t h e  

aifference b e t w e e n  s p e c i a l  p u s p o s e  grinding stones a n d  a a i z e  

g r i n d i n g  me ta tes ,  T h e  s p e c i a l  F u r p o s e  g r i n d i n g  s t o n e s  a re  used  

o n  a n  o c c a s i o n a l  basis t o  p r o c e s s  s u b s t a n c e s  o f   ino or i m p o r t a n c e  

t o  t h e  s u b s i s t e n c e  economy, B o t h  b e c a u s e  o f  their l i rni ted u s e  

a n d  their l i m i t e d  e c o n o n i c  i n l p o r t a n c e ,  u s e - l i f e  is n o t  a n  



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

t h e  p r o c u r e m e n t  economy of l o c a l  na te r i a l s  which would p r o v i d e  a 

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

T h e  ~ a i z e  g r i n d i n g  ntetate, on t h e  o t h e r  hand,  is used  

i n t e n s i v e l y  a n d  e x t e n s i v e l y  t o  Erocess the i i iajor  i t e a  of 

s u b s i s t a n c e .  Bependabi1i . t  y of t h e  stone, t h e  a s s u r a n c e  t h a t  it 

will. be  ava i l ab l e  a n d  r e a d y  f o r  u s  a s  n e e d e d ,  i s  cri t ical ,  

E x t e n d i n g  t h e  u s e - l i f e  of the s t o n e  is a ~ a j o r  m a n s  of 

l i n c r e a s i n g  t h a t  d e p e n d a b i l i t y ,  Xt will b e  r e c a l l e d  t h a t  t h e  

more  h i g h l y  v a L a e d  11black8f v e s i c u l a r  basalt: was p r e f e r r e d  

because of its e x t e n d e d  u s e - l i f e ,  no t  b e c a u s e  of i ts  b e t t e r  

g r i n d i n g  a b i l i t y ,  

T h e  effect of s o c i o e c o n o a i c  context  o n  t h e  r e l a t i v e  

i m p o r t a n c e  of use-life gay b e  s e e n  i n  a  c o ~ p a s i s o a  of San Hateo 

w i t h  modern i n d u s t r i a l  s o c i e t y ,  w h i c h  s u g g e s t s  t h a t  t h e  

i a p o r t a n c e  of  f u a c t i o n a l  d e p e n d a b i l i t y ,  o r  u s e l i f e ,  e v e n  fo r  an 

e c o n o n t i c a l l y  c r i t i c a l  a r t i f a c t ,  Bay v a r y  w i t h  the e x t e n t  t o  

w h i c h  a  s o c i e t y  r e r a a i n s  s e l f - s u f f i c i e n t -  #bile San H a t e o  d o e s  

p a r t i c i p a t e  i n  a r e g i o n a l  a a r k e t  s y s t e m ,  i t  r e a m i n s  r e P a t i v e l 1  

s e l f - d e p e n d e n t  e c o n c m i c a  Ply,. E y c o n t r a s t  our o m  s o c i e t y  i s  

highly i n t e r d e p e n d e n t ,  and t h e  p l a n n e d  o b s o l e s e n c e  of m o s t  

hea sehold a s t i f  acts  -is c o n s i d e r e d  e ' s s e n t i a l  for t h e  m a i n t a n e n c e  

of the economy. O f  t e n  j8moderness3* i s  c o n s i d e r e d  a more 

i ~ i p o r t a n  t a t t r i b u t e  t h a n  an e x t e n d e d  use-life f o r  these 

a r t i f a c t s ,  B t  t h e  same t i i a e  i t  is i n t e r e s t i n g  t o  n o t e  t h a t  

d e p e n d a b i l i t y  of t o o l s  is a nta-jcr c o n c e r n  of modern-day 



h o a e s t e a d e r s  u h o  are  a r e  a t t e t t g t i n g  t o  r e t u r n  to a @ o r e  

t r a d i t i o n a l ,  self - r e l i a n t  l i f e  s t y l e ,  

T h r o u g h o u t  t h e  d i s c u s s i o n  o f  m a t e r i a l s  use h a s  beer, made of 

g e n e r a l l y  a c c e p t e d  g e a f o g i c a l l y  d e f i n e d  ca t e g a r i e s  such a s  

b a s a l t ,  q u a r t z i t e ,  a n d  s a n d s t o n e ,  f!owever, one o f  t h e  i m p o r t a n t  

c o n c f  u s i o n s  t o  b e  d r a w n  f r o a  b o t h  in•’ o r ~ a n t  c o m e n t s  a n d  modern 

t e c h n o i o j i c a l  d a t a  is t h a t  c h o i c e  of   ate rial f a r  b o t h  user and 

man u f a c t u r e r  is b a s e d  on m a t e s i a l  a t t r i b u t e s  or p r o p e r t i e s  that 

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

a t t r i b u t e s ,  Eor g r i n d i n g  s t o n e s ,  i n c l u d e  grain size a n d  

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

s t r e n g t h ,  a n d  f r e e d o m  from flaws, G r a i n  s i z e  and  a r r a n g e m e n t  i n  

c o a b i n a  t ion r e s u l t  in @ a t e r i a l  t e x t u r e ,  A l t h o u g h  a l l  a t t r i b u t e s  

have some b e a r i n g  o n  t h e  s u i t a b i l i t y  of a  ater rial f o r  u s e  a s  a  

g r i n d i n g  s t o n e ,  t e x t u r e  seegs t c  b e  t h e  a o s t  cr i t ical-  Texture 

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

p r o d u c t  and its ef f i c i e n i  p r o c e s s i n g  b o t h  i n  terms 05 volume and 

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

s t o n e ,  t h e  ease w i t h  w h i c h  the s t o n e  Bay be worked, an"d its 

use-wea r c h a r a c t e r i s t i c s ,  E n c o u r a g i n g l y ,  f r o m  a n  a r c h a e o l o g i c a l  

p e r s p e c t i v e ,  v a r i a t i o n  i n  t e x t n r e  is of t e n  v i s u a l l y  p e r c e p t i b l e ,  

a n d  a n  i n i t i a l  a s s e s s m e n t  may o f t e n  be  easily atade. 

T h i s  s e c t i o n  on c o n s t r a i n t s  a n  & a t e r i a l  s e l e c t i o n  f o r  

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

s t a t e m e n t s ,  I't would  seem t h a t  material. s e l e c t i o n  i s  g u i d e d  

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



s u b s e q u e n t  d e s i r e d  e f f i c i e n c y  of processing, desired f i n e n e s s  o f  

t h e  g r o u n d  p r o d u c t ,  a n d  d u r a b i l i t y  o f  t h e  s t o n e ,  In order  t o  

~ e e t  t h e s e  c o n s t r a i n t s  a t t e n t i o n  is p a i d  t o  t h o s e  a n t e r i a l  

properties of p a r t i c u l a r  r e l e v a n c e  Lo  t h e  i n t e n d e d  f u n c t i o n ,  

s u c l i  a s  t e x t u r e  a n d  hardness, T h e  r e l a t i v e  s t r e n g t h  of 

i n d i v i d u a l  c o n s t r a i n t s  may v a r y ,  a n d  t h e r e  a r e  'likely t o  b e  

c o n f l i c t s  b e t w e e n  c o n s t r a i n t s ,  T b e  r e s o l u t i o n  of c o n f  l i c k  is 

a p t  To depend o n  t h e  i r q o r t a a c e  o f  t h e  s p e c i f i c  g r i n d i n g  p r o c e s s  

i n  the e c o n o a y  and  the n a t u r e  of t h e  a d a p t i v e  p r o b l e m  b e i n g  

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

of one o r  more of t he  c o n f l i c t i n g  c o n s t r a i n t s  in c o n j u n c t i o n  

w i t h  s o c i o e c o n o m i c  c h a n g e  s u c h  a s  t h e  d e v e l o p m e n t  Q•’ c r a f t  

s p e c i l i z a t i o n -  



gorphology is a n o t h e r  g r i n d i n g  s t o n e  a t t r i b u t e  o f t e n  

a v a i l a b l e  a r c h a e o l o g i c a l l y  an3 is therefore the n e x t  d e p e n d e n t  

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

I n  S a n  H a t e o  t h e  s i m p l e s t  g r i n d i n g  s t o n e s  were f o r  t h e  most 

p a r t  u n m o a i f i e d  ( F i g ,  3 ) -  T h e s e  c o n s t i t u t e d  12% o f  t h e  s a m p l e ,  

and were used  p r i a a r i l y  f o r  wash ing  c l o t h e s  a n d  a a s h i n g  h e r b s  

(Table 2 ) .  T h e i r  s e l e c t i o n  for u s e  u a s  i n f  f u e n c e d  i n  p a r t  by  

t h e i r  n a t u r a l  s h a p e ,  p a r t i c u l a r l y  t h e  p r e s e n c e  of a r e l a t i v e l y  

flat s u r f a c e .  T h e   reh his panic grinding s t o n e s ,  w h i c h  

c o n s t i t u t e d  5 % .  o f  t h e  sample, were p l a n o - c o n v e x  i n  s h a p e  ( P i g ,  

2 ) .  I n  the p r e s e n t  s i t u a t i o n  t h e s e  were most  c o ~ t m o n l y  u s e d  f o r  

g r i n d i n g  c o f f e e ,  Given t h e  l a c k  of d a t a  c o n c e r n i n g  v a r i a t i o n  i n  

y s i n d i i i y  stone f u n c t i o n  now a n d  i n  t h e  p a s k  t h e i r  o r i g i n a l  use 

is unknown, The laodern v e s i c u l a r  b a s a l t  g r i n d i n g  s t o n e s ,  or 

metates, a c c o u n t i n g  f o r  8 2 %  of t h e  s a m p l e ,  were t h e  o n l y  

g r i n d i n g  s t o n e s  which h a d  been m o d i f i e d  i n  t h e  n o d e r n  c o n t e x t ,  

T h e y  were t r i p o d a l  (Fig,  1) , with two f ee t  a t  t h e  distal enad and , 

a s l i g h t l y  l o n g e r  f o o t  a t  t h e  iproxirttal ead. The g r i n d i n g  

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

d i f f e r e n t i a l  h e i g h t  o f  t h e  f e e t ,  There was no rim, T h e  

h a n d s l o n e ,  or mano, u s e d  uitk t h e  a a i z e  grinding metate was a 

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

forsger t h a n  t h e  w i d t h  of t h e  atetate, I n  t h e o r y  t h e  metate and 

its mano c o n s t i t u t e d  a set ,  s i n c e  t h e y  were made t o  f i t  
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t o g e t h e r .  I n  r e a l i t y ,  t h i s  was n o t  a l w a y s  t h e  s i t u a t i o n ,  

a l t h o u g h  manos were a l w a y s  of b a s a l t  a n d  a l w a y s  l o n g e r  t h a n  t h e  

w i d t h  o f  t h e  metate. Where maaos were u s e d  with g r i n d i n g  s t o n e s  

o t h e r  t h a n  t h e  t r i p o d a l  Eetates no e f f o r t  was made to match 

g r i n d i n g  s t o n e  a n d  mano i n  term of m a t e r i a l  [Fig:. 2 ) -  These 

manos tended t o  be  w h a t e v e r  was  r e a d i l y  a v a i l a b l e ,  i n c l u d i n g  

modern manos, f r a g m e n t s  of wodern oaanos, p r e h i s p a n i c  manos, a n d  

r i v e r  c o b b l e s -  T h e y  a l s o  t e n d e d  t o  be  s h o r t e r  i n  l e n g t h  t h a n  

t h e  w i d t h  o f  t h e  g r i n d i n g  stone [ F i g ,  4 ) -  

The i n t e n t i o n a l  oaodif i c a t i o n  o f  raw m a t e r i a l s  t o  f o r @  

a r t i f a c t s  i n v o l v e s  a n  e x p e n d i t u r e  of time a n d  e n e r g y ,  

P r e s u m a b l y ,  t h e  Bore  c o m p l e x  o r  d e t a i l e d  t h e  s h a p e ,  the g r e a t e r  

t h e  t i m e j e n e r g y  e x p e n d i t u r e ,  g h e r e  t h e  raw m a t e r i a l  u n d e r g o e s  

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

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

process, Whi l e  this constitutes a t e c h n o l o g i c a l  c o n s t r a i n t  oE 

s o r t s ,  i t  is a r e l a t i v e l y  nainrrr c o n s t r a i n t ,  I n  S a n  H a t e o  when 

f o c a l l y  a v a i l a b l e  materials were u s e d ,  t h e y  r e c e i v e d  l i t t l e  or 

no m o d i f i c a t i o n ,  In terms o f  t h e  e n e r g y ,  t i ~ e ,  a n d  risk 

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

a r c h a e o l o g i c a l  g r i n d i n g  s t o r n e s  are economical i n  both f o m  a n d  

m a t e r i a  2, I n  c o n t r a s t ,  the i m p o r t e d  t r i p o d a l  m i z e  g r i n d i n g  

ae t a t e s  a rc  c o m p l e x  i n  form and r e p r e s e n t  a s i g n i f i c a n t  

p r o c u r e m e n t  a n d  t e c h n o l o g i c a l .  d i s e c o n o m y  when compared w i t h  

s i m p l e r  f o r m s ,  T h e  f o l l o v i n g  a n a l y s i s  of form will t h e r e f o r e  

f o c u s  o n  two q u e s t i o n s -  f i r s t ,  w h a t  c o n s t r a i n t s  i n f l u e n c e  the 



Figure  4, P r e h i s p a n i c  &aao of Ccngloaerate (foreground) and 
C y l i n d r i c a l  #an0 (background):  San H a t e a  {Scale = 35 cm) 



f o r %  of g r i n d i n g  stones? Second, w h a t  specific c o n s t r a i n t s  c a n  

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

ig fesoa@er ica  a n d  o n l y  i n  frlesoararerica? As before, t h e  indepelndelat  

v a r i a b l e s  cr c o n s t r a i n i s  t o  be c o n s i d e r e d  w i l l  be f u n c t i o n ,  

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

F u n c t i o n a l  C o n s t r a i n t s  S u q q e s t e d  by ,SSg g ~ t p q  D a t a  ----_.- --I--- - - _  
O b s e r v a t i o n s  o f  metates i n  t h e  context of u s e  s n g g e s t  a 

number  of f u n c t i o n a l  c o n s t r a i n t s  o n  g r i n d i n g  s tone  morphology,  

In San Eateo mize g r i n d i n g  metates were p i a c e d  o n  a s p e c i a l  

g r i n d i n g  t a b l e  which a l  lowed t h e  woman to s t a n d  w h i l e  g r i n d i n g ,  

The  n a t u r a l  S L O W  of t h e  g r i n d i n g  surface was soiwtimes 

increased by $ l a c i n g  t h e  s l i g h t l y  l o n g e r  proximal leg o n  a p o s t  

P i g  1 The s l o p e  o f  t h e  g r i n d i n g  s u r f a c e  of m e t a t e s  i n  u s e  

ram:jed froa f o u r  t o  Y O  d e g r e e s  w i t h  modes a t  9-10 a n d  15-16 

degrees (g=35) , Womn g e n e r a l l y  c l a i m e d  t h a t  this slope mads 

grinding easier, tJater was u s e d  i n  grinding m a i z e  and 

c o n t r o l l i n g  t h i s  water was a  major problem,  Excess ~ a t e r  r a n  

off the =&ate onto t h e  g r i n d i n g  t a b l e  a n d  f r o @  there t o  t h e  

d i r t  f loor,  A wooden t r o u g h  o r  b r o k e n ,  b u t  u s e a b l e ,  l a r g e  

c e r a m i c  vessel was g e n e r a l l y  p l a c e d  a l o n g  o n e  s i d e  of t h e  

g r i n r ? i n g  table to  catch rnaize g r i n d i n g  water, X n  a d d i t i o n ,  many 

h o u s e h o l d s  had  c o n s t r u c t e d  small d r a i n a g e  c h a n n e l s  fcon the area 

a r o u n d  t h e  g r i n d i n g  t ab le  l o  t h e  e x t e r i o r  of t h e  house ,  Even  

so,  t h e  f l o o r  s u r f a c e  a r o u n d  t h e  g r i n d i n g  t a b l e  was usua3I.y 

r a ther  s o f t  a n d  muddy- Often, a s t o n e  or wood block  h a d  beeo 

I p l a c e d  n e x t  t o  the g r i n d i n g  t a b l e ,  a l l o w i n g  t h e  woman t o  avoid 
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s t a n d i n g  i n  t h e  nlud. I n  a d d i t i o n ,  t h e  block al lctaed t h e  uoaaan 

t o  s t a n d  a t  a h e i g h t  sufficient t o  r e a c h  the f a r  end of t h e  

nietate comfortably, I t  was at t h e  distal end of the raetate t h a t  

t h e  g r e a t e s t  t o r c e  was a p p l i e d  i n  t h e  g r i n d i n g  motion- P e r h a p s  

b e c a u s e  t h e  m a i z e  was g r o u n d  m o i s t ,  t h e r e  seemed t o  b e  l i t t l e  

d i f f i c u l t y  i n  k e e p i n g  it o n  t h e  n e t a t e  while grinding, 

U s e  of the t r i p o d a l  a e t a t e s  for g r i n d i n g  c o f f e e  seemed t o  

fo l low tvo p a t t e r n s .  A n u n b e r  of wouien p l a c e d  t h e  metate on a 

small t a b l e  a n d  u s e d  i t  i n  atnoch the same manner a s  described 

above, e x c e p t  t h a t  c o f f e e  was g r o u n d  dry ,  B e c a u s e  of t h i s  i t  

h a d  a tendency to  s ~ i l l  o v e r  t h e  s l d e s  of t h e  ntetate, Phen t h i s  

h a p p e n e d  it was easily s c o o p e d  up S r o a  the tabLe s u r f a c e  and p u t  

b a c k  on the g r i n d i n g  s t o n e  or i n t o  a c o n t a i n e r ,  I n  t h e  second 

p a t t e r n  o f  u s e ,  % h e  worttan p l a c e d  the  metate a n  t h e  f l o o r ,  

k n e e l i n g  t o  g r i n d ,  One  woman o b s e r v e d  g r i n d i n g  coffee i n  t h i s  

f a s h i o n  h a d  p l aced  a number o f  sraaf f d i s h e s  a r o u n d  a n d  slightly 

under the e d g e s  of t h e  metate t o  c a t c h  a n y  s p i l l a g e  f F i g ,  5) - 
The  a b o v e  e x a m p l e s  s u g g e s t  tao  s o u r c e s  of f u n c t i o n a l  

c o n s t r a i n t  on ~ e t a t e  morphology, One is a c o n c e r n  f o r  i n c r e a s e d  

hugtian e n e r g y  e f f i c i e n c y ,  a s  ref f e c t e d  i n  i n c r e a s e d  ease of 

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

i a p o r t a n c e  of i m p r o v i n g  t h e  e n e r g y  e f f i c i e a c y  of m a i z e  g r i n d i n g  

motaties can  b e  u n d e r s t o o d  when t h e  a m o u n t  of t iae  s p e n t  g r i n d i n g  

p r i o r  t o  t h e  a d v e n t  of E u r o p e a n  a l t e r n a t i v e s  was p r o b a b l y  t h r e e  

h o u r s  p e r  day o r  more (Table 4)- Where m a i z e  was n o t  p r e c o o k e d  

p r i o r  t o  g r i n d i n g ,  t h e  t i n e  r e q u i r e m e n t s  were undoubtedly 



Figure 5.  Woman Grinding Coffee on Tripodal Metate Placed 
on Floor  with Containers t o  Catch Spi l lages  San Mateo 
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o r t e d  Time 
r i n d  Maize 
HoursdDa yf 

U s i n g  Retate Only:  
No, of H o u s e h o l d s  

Regortin(? 

Using H e t a t e  a n d  
Clotor-Driven Pf ill: 

No, of H o u s e h o l d s  
R e p o r t i n g  

1 
1 
1 
2 
0 
0 
0 
0 

-- - - - - - - - -- 

s i g n i f i c a n t l y  g r e a t e r ,  T h e  s e c o n d  c o n s t r a i n t  on g r i n d i n g  s t o n e  

form s o g g e s t e d  b y  t h e  S a n  Hate0 e x a m p l e s  is a n e e d  to  c o n t r o l  

t h e  material b e i n g  g r o u n d  a n d  a n y  p o t e n t i a l l y  ntessy o r  

u n d e s i r a b l e  by-products, such a s  water, 

It h a s  b e e n  suggested t h a t  the s l o p e  o f  the g r i n d i n g  

surface allows t h e  wornan d o i n g  t h e  g r i n d i n g  t o  " ~ u t  h e r  back" 

i n t o  the g r i n d i n g  motion,  i n c r e a s i n g  t h e  we igh t  o n  t h e  mano a n d  

t h e r e f o r e  o n  t h e  g r a i n  ( W i s d o ~  I W O :  88-89; E o r i t z  1958: 29)- 

However,  g r i n d i c g  i n v c l l v e s  c u t t i n g  o r  s h e a r i n g ,  n o t  crushing, 

a n d  extra w e i g h t  does not i m p r o v e  t h e  e f f i c i e n c y  of  g r i n d i n g  

( w h i t e  '1962:108)- The  distinction b e t w e e n  g r i n d i n g  a n d  c r u s h i n g  

is p a r t  i c u l a s l y  a p p l i c a b l e  to  irtaize a n d  coffee, which are 

p r i a a r i l y  g r o u n d  ra ther  than crushed, Thus, t h e  b e n e f i t s  of 

wputting o n e ' s  backu i n t o  the g r i n d i n g  a t o t i o n  is n o t  l i k e l y  t o  

t o  b e  in terms of t h e  ac tua l  g r i n d i n g ,  I t  i s  enore l i k e l y  that 

it is the c h a n g e  i n  body rao t ion  i tself that is impoftant, 



8 c c o r d i n g  t o  h u m a n  f a c t o r s  e n g i n e e r s ,  f o r  a t a s k  t h a t  i s  b o t h  

r e p e t i t  i v e  and t i ~ e  consuming, f a t i g u e  will be c o n s i d e r a b l y  

r e d u c e d  i f  motion is d i s t r i b u t e d  about t h e  body r a t h e r  than 

conceasltsated i n  o n e  p a r t .  F o r  m o t i o n s  u s i n g  t h e  arm t h i s  m a n s  

i n c l u d i n g  t h e  s h o u l d e r  i n  t h e  arm movement (Damon et al 

19Sb:284) , Thus,  " p u t t i n g  oaers hackq* i n t o  t h e  g r i n d i n g  mot ion  

would b e  a rnore e f f i c i e n t  u s e  of human energy because  it would 

be less tiring. 

P l a c i n g  the s n r f a c e  o f  a  g r i a d i n g  sdtone a t  a s l o p e  would 

p r o v i d e  a  p h y s i o l o g i c a l  a d v a n t a g e  f o r  t h e  pe r son  do ing  the 

g r i n d i n g ,  I t  wouid a l s o  p r o v i d e  some mechan ica l  a d v a n t a g e  a s  

well, T h i s  c a n  p e r h a p s  B e s t  b e  v i s u a l i z e d  i n  terms 05 e n e r g y  o r  

f o r c e  v e c t o r s ,  Assuming f o r  t h e  moraent a l e v e l  g r i n d i n g  

s u r f a c e ,  t h e  p e r s o n  do ing  t h e  grinding must a p p l y  f o r c e  

downward, t o  a c h i e v e  c o n t a c t  be tween  the upper a n d  l o w e r  stones, 

In a d d i t i o n ,  f a r c e  laust be a p p l i e d  i n  a f o r v a c d  motion,  ~ a o v i n g  

t h e  upper  h a n d s t o n e  a l o n g  t h e  lower s t o n e ,  T h e  two f o r c e s  are 

p e r p e n d i c u l a r  t o  each o t h e r ,  a n d  w i l l  c o u n t e r a c t  e a c h  o t h e r ,  

r e s u l t i n g  i n  a rninirnally e f f i c i e n t  r a t i o  between energy expended 

a n d  r e s u l t s ,  By p l a c i n g  t h e  g r i n d i n g  s u r f a c e  on a slope-at a n  

i n t e r r a e d i a t e  angle between t h e  two r e q u i r e d  d i r e c t i o n s  of 

force- t h e  same f o r c e  used  t o  i n c r e a s e  c o n t a c t  between upper  a n d  

l o w e r  s t o w s  w i l l  a l s o  move 'the u p p e r  s t o n e  a c r o s s  t h e  l o v e r  

s t o n e ,  Thus, nore of t h e  e n e r g y  expended by t h e  p e r s o n  doing 

t h e  g r i n d i n g  c a n  b e  u t i l i z e d .  Fu r the rmore ,  i f  t h e  a n g l e  of the 

f arward thrust is s l i g h t l y  g r e a t e r  t h a n  the s l o p e  of t h e  



g r i n d i n g  surface, minimal force w i l l  be a p p l i e d  a t  t h e  b e g i n n i n g  

o f  t h e  s t roke,  and ~nasrinturn f o r c e  a t  t h e  end of t h e  stroke, Both 

effects would b e  desirable, t h e  f i r s t  t o  i n s u r e  t h a t  t h e  g r a i n  

is ground I ,sheared)  r a t h e r  t h a n  c r u s h e d ,  the second t o  a c t  as  a 

break: t o  t h e  f o r w a r d  a o t i o n ,  Here a g a i n ,  t h e  u s e  of t h e  e n t i r e  

body a s  a b r a k e  would b e  less t i r i n g  t h a n  a  s p e c i a l i z e d  mot ion  

of a  l i m i t e d  set of muscles, 

The s e c o n d  c o n s t r a i a t  on grinding s t o n e  morphology 

s u g g e s t e d  b y  t h e  San R a t e o  o b s e r v a t i o n s  was a need  t o  c o n t r o l  

t h e  s u b s t a n c e  b e i n g  g round  and  any  b y - p r o d u c t s  of t h e  g r i n d i n g  

p r o c e s s ,  T h e  l e g s  an the t r i p o d a l  m e t a t e  m y  t e n d  t o  f a c i l i t a t e  

t h i s  c o n t r o l  i n  a aumber o f  ways, I n  t h e  case of maize 

g r i n d i n g ,  t h e  naetate i s  r a i s e d  above t h e  s u r f a c e  of t h e  t a b l e  

where excess w a t e r  accumula t e s ,  In t h e  c a s e  o f  coffee g r i n d i n g  

(and p r o b a b l y  o t h e r  d r y  s u b s t a n c e s )  , t h e  l e g s  a l l o w  t h e  a e t a t e  

t o  be  p l a c e d  on a r a i s e d  s u r f a c e  w h e r e  s p i l l a g e  may b e  easily 

cof l e c t e d ,  A l t e r n a t e 1  y, t h e  l e g s  a f  10% t h e  p l acemen t  o f  

c o n t a i n e r s  u n d e r  t h e  e d g e s  of t h e  g r i n d i n g  s u r f a c e  i n  o r d e r  to  

c a t c h  s p i l l a g e *  A t  t h e  saase t h e ,  i t  i s  o b v i o u s  that t h e  

p r o b l e m s  05 c o n t r o l l i n g  s p i l l a g e  have  n o t  been  f u11y resof ved, 

only p e r h a p s  m i t i g a t e d ,  

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

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

c o n s t r a i n t  on g s i n d i n g  s t o n e  aorpkloqy was s u g g e s t e d  b y  Rason 

Ramos, Re slated that h e  m d e  a n d  s o l d  many small m e t a t e s  for  

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



c h e e s e ,  These tended t o  be smaller t h a n  noritial, t h o u g h  aot 

m i n i a t u r e  (Hayden: pers,comnn,), n s i n g  t h e  S a n  f l a t e o  data,  t h e  

g r i n d i n g  s u r f a c e  a r e a s  f o r  s t o n e s  of d i f f e r e n t  f u n c t i o n s  were 

contpared,  A l t h o u g b  s a m g f e  s i z e s  are small, t h e  mean size of tfae 

surface a r e a  f o r  s p e c i a l  purpose g r i n d i n g  stones other t h a n  

t h o s e  used for  v a s h i n g  c l o t h e s  was s i g n i f i c a n t l y  smaller t h a n  

fo r  m a i z e  g r i n d i n g  rnetates, In c o n t r a s t ,  t h e  mean s u r f a c e  area 

of s t o n e s  used for washing c l o t h e s  was s i g n i d - i c a n t l y  l a r g e r  t h a n  

f o r  maize  g r i n d i n g  rnetates @ a b l e  5) .. U n f o r t u n a t e l y ,  a l t h o u g h  

there is a  s t a t i s k i c a l l y  s i g n i f i c a o t  d i f f e r e n c e  i n  the Eean s i z e  

by funct ion  o f  t h e  three classes of g r i n d i n g  s t o n e s ,  there is 

a l s o  c o n s i d e r a b l e  o v e r l a p  (Fig,  6 ) -  T h i s  is p r o b a b l y  d u e  i n  

p a r t  t o  the fact that s i x  of the e i g h t  coffee grinding s t o n e s  

were reused ~ a i z e  g r i n d i n g  n e t a t e s ,  

One p o s s i b l e  e x p l a n a t i o n  fo r  t h e  r e l a t i o n s h i p  between 

grinding s t o n e  function and s i z e  m p  b e  the concern f o r  energy 

e f f i c i e n c y ,  S p e c i f i c a l l y I  t h e  s i z e  od t h e  w o r k i n g  surface of a 

grinding s t o n e  may reflect t h e  q u a n t i t y  of t h e  s u b s t a n c e  b e i n g  

p r o c e s s e d  and t h e  f r e q u e n c y  of p r o c e s s i n g ,  A g r e a t e r  ' q u a n t i t y  

c o u f d  be p r o c e s s e d  i a  a g i v e n  time o n  a l a r g e  g r i n d i n g  s u r f a c e  

than o n  a s i a a l l  one ,  The more f r e q u e n t l y  t h e  substance was 

p r o c e s s e d  t h e  more i ~ p o r t a n t  t h i s  eff i c i e n c g  would be-  The  

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

n o t  o n l y  t h e i r  o c c a s i o n a l  u s e ,  often f o r  sataller q u a n t i t i e s ,  but 

a l s o  g r e a t e r  ease of s t o r a g e  between uses, The  e x c e p t i o n  is t h e  

c l o the s  w a s h i n g  stones, whose g e n e r a l 1  y larger s i z e  v o u l d  



F u n c t i o n  

Baize Grinding 

Hean Surface A r e a  S t u d e n t ' s  2 *a 
(in cm-sy,) 

Special P u r p o s e  744.55 
0 ther Than  (n= 16; s=34 5.83) 
C l o t h e s  kashing*b (range=82-5-134Y) 

*a: I n  a l l  in s tances ,  a o n e - t a i l e d  test was used ,  

*b: F u n c t i o n s  include c o f f e e  g r i n d i n g  @ = I 3 ) ,  salt g r i n d  i ag  
fg=3), h e r b  m a s h i n g  @=2), toys ( p = 2 ) ,  a n d  calci te  grinding 
(g= 1) , 

a c c o m d a t e  t h e  g rea te r  bulk of clothing, a n d  which reaiain in 

p l a c e  outside t h e  h o u s e  o r  compcund whelm n o t  i n  use, 

Based o n  the San Hateo sanple there a p p e a r  t o  be two 

f u n c t i o n a l  c o n s t r a i n t s  on grinding stone a o s p h o l o g y ,  the 

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

ground, along with any b y - p r o d u c t s ,  Of t h e s e ,  cop lce ra  for h u ~ a a  

energy efficiency seem by f a r  t h e  stronger c o n s t r a i n t .  I t  is 

e x p r e s s e d  reost e x p l i c i t l y  i n  t h e  s l o p e  of t h e  grinding surface  

of the m i z e  g r i n d i n g  i w t a t e s ,  a s f o p e  which is  b u i l t  i n t o  t h e  

~ e t a t e  by t h e  d i f f e r i n g  heights of t h e  front a n d  b a c k  l e g s ,  B 

c o n c e r n  f o r  e n e r g y  e f f i c i e n c y  Bay a l s o  be r e f l e c t d  in t h e  

v a r i a t i o n  i n  s ize  of t h e  g r i n d i n g  s u r f a c e  of stones f o r  
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d i f f e r e n t  u s e s ,  C o n t r o l  of t h e  p r o d u c t  b e i n g  g r o u n d  seems a 

less c o m p e f l i n g  constraint on g r i n d i n g  s t o n e  w o r p h o l o g y ,  

inasrsluch a s  t h e r e  is  s t i l f .  an o b v i o u s  p r o b l e m  i n  t h i s  r e s p e c t ,  

However t h e  p r o b l e m  seems t c  be  ~ a r t i a l l y  m i t i g a t e d  b y  t h e  

presence of l e g s  o n  the t r i p o d a l  mekates. 

Bater ia l  a n d  T e c h n o l o g i c a l  C o n s t n a i n t s  Sggilgested bp Sari Ba teo ----- -- ------ 
Data -- 

As d i s c u s s e d  i n  t h e  s e c t i o n  an material, it was n o t  

p o s s i b l e  t o  o b t a i n  d a t a  concerning the t e c h n o l o g i c a l  c o n s t r a i n t s  

om f o r m  f ram r e s i d e n t s  of San Bateo, s i n c e  n o  one t h e r e  

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

was o b t a i n e d  from Ramon Banos, 

It h a s  already b e e n  n o t e d  %hat b a s a l t  t l l a t e r i a l s  d o  vary  in 

t h e i r  s u i t a b i l i t y  a n d  ease of s h a p i n g ,  F u r t h e r m o r e ,  it was 

a p p a r e n t  f r o a  Ramon Bamsi c o a m e n t s  a n d  frog o b s e r v a t i o n  o f  h i s  

work a r e a  i h a t  certain f o r a s  were more s u s c e p t i b l e  t h a n  others 

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

b a s a l t  a e t a t e ,  for i n s t a n c e ,  t h e k e  is g r e a t e r  risk 05 b r e a k a g e  

t h a n  when w o r k i n g  ca a n y  other p o r t i o n  aE t h e  g r i n d i n g  s t o n e  , 

i t s e l f  { p e r s o n a l  o b s e r v a t i o n ) ,  S h a p i n g  t h e  l e g s  i s  also tirne 

c o n s u m i n g  and i n c r e a s e s ,  however  m i n i n t a i l y ,  t h e  w e i g h t  of t h e  

artate, which must' b e  carried t o  S a n  Bateo from the place of 

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

is t h e  mano. That this a p p a r e n t l y  s i ~ p l e  c y i i n d r i c a l  form is a 

r e f a t i v e l y  " h i g h  r i skM f o r m  is reflected b o t h  i n  the h i g h e r  

b r e a k a g e  r a t e  d u r i n g  m a n u f a c t u r e ,  and  a l s o  i n  a s h o r t e r  use-life 



p r i m a r y  t e c h n o l o g i c a l  c o n s t r a i n t  i n  work ing  s t o n e  materials is 

a v o i d a n c e  of l o n g  slender forms,  T h o s e  f o r m  which d e v i a t e  frog 

a c o m p a c t  r o u n d  o r  s q u a r i s h  s h a p e  seem to r e q u i r e  the g r e a t e s t  

s k i l l ,  tinte a n d  e n e r g y  t o  p r o d u c e ,  They  a l s o  involve gfea ter 

r i s k  of  b r e a k a g e ,  

S o c i a l  C o n s t r a i n t s  % p s t e d  by jan Pfg&eo_ gats ----- --------- 
T h e  effect of s o c i a l  c c n s t r a i n t s  o n  the a t o r ~ h o l o g p  of 

grinding s t o n e s  i n  S a n  B a t e o  s e e ~ s  l o  b e  g e n e r a l l y  s imi lar  t o  

t h e  effect of s o c i a l  c o n s t r a i n t s  c n   ater rial s e l e c t i o n ,  

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

s t a p l e ,  a r e  a ' o r p h o l o g i c a l l y  **expens iveq*- -  t h e y  h a v e  l e g s  and 

a s s o c i a t e d  Long c y l i n d r i c a l  marnos, W h i l e  the l e g s  seem t o  some 

e x t e n t  t o  b e  j u s t i f i e d  by t h e  i n c r e a s e d  e n e r g y  e f f i c i e n c y  

a s s o c i a t e d  with the i n d u c e d  s l o p e  o f  the g r i n d i n g  s u r f a c e ,  i t  is 

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

s y s t e m  a re  necessary t o  o v e r c o m e  t h e  e x t r a  c o s t s  of time, e n e r g y  

a n d  r i s k  a s s o c i a t e d  w i t h  the sore c o m p l e x ,  t r i p o d a l  ~ e t a t e s ,  

F u n c t i o n a l  C o n s t r a i n t s  ------- ------- 
T h e  e x a m i n a t i o n  of 5aa Mateo g r i n d i n g  s t o n e s  s u g g e s t s  t h a t  

t h e  ~ o s t  a p p a r e n t  c o a s t s a i n t  o n  form r e s u l t s  f r o m  a c o n c e r n  f o r  

the e f f i c i e n t  u s e  of huntan e n e r g y ,  T h i s  is r e f l e c t e d  p r i m a r i l y  

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



t h e  differential, heights of t h e  l e g s  on t r i p o d a l  metates, T h e  

r e l a t i o n s h i p  between t h e  s i z e  of the g r i n d i n g  s u r f a c e  and t h e  

n a t u r e  of t h e  s u b s t a n c e  b e i n g  g r o u n d  may a l s o  reflect a c o n c e r n  

for  humxi e n e r g y  efficiency, 30th of t h e s e  c o n c e r n s  can  be 

c o n s i d e r e d  f u n c t i o n a l  c o n s t r a i n t s ,  A n o t h e r  p o s s i b l e  functional 

c o n s t r a i n t  wouPd b e  t h e  need t o  c o a t ~ o f  t h e  s u b s t a n c e  b e i n g  

g r o u n d  a n d  a n y  of its b y - p r o d u c t s ,  T h e  p r e s e n c e  of l e g s  o n  t h e  

t r i p o d a l  ~ e t a t e s  cf S a n  ?late0 may c o n t r i b u t e  t o  m e e t i n g  such a 

n e e d  by a l l o w i n g  t b e  g r i n d i n g  s t o n e  t o  b e  p l a c e d  o n  a s u r f a c e  os 

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

substance, Evidence of these f u a c t i o a a l  c o n s t r a i n t s  m y  be 

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

T h e  t r i p o d a l  ~ e t a t e s  of Hesoamerica g e n e r a l l y  displap some 

sfope o f  t h e  gr ind ing  s u r f a c e ,  T h e  A g u a c a t e n a n g o  rnetates a re  

very s i m i l a r  t o  t h o s e  of San B a t e o ,  v i t h  a r e c t a n g u l a r ,  f l a k ,  

sloping grinding s u r f a c e ,  As i n  •˜an B a t e o ,  t h e  s l o p e  of t h e  

g r i n d i n g  surface c a n  be a d j u s t e d  by p l a c i n g  t h e  h i n d  leg on a 

p o s t ,  Extrapo la t ing  from d a t a  p r o v i d e d  b y  S t r o a s v i k  ('1931: I U ) ,  

t h e  a v e r a g e  slope f o r  modern Y u c a t e c a n  n e t a t e s ,  which a r e  

generally p l a c e d  o n  a grinding table, i s  a b o u t  t en  d e g r e e s ,  

Aschmann (1949:633)  r e ~ o r t s  a n  a v e r a g e  slope of 2 0  d e g r e e s  f o r  

t h e  a e t a t e s  o f  Baja C a l i f o r n i a l  Wisdom (1960: 1615) d o e s  n o t  g i v e  

t h e  a n g l e  of s l o p e  f o r  ~etates among the C h o r t i ,  k u t  h~ d o e s  

n o t e  its e x i s t a n c e ,  a t t r i b u t i n g  it t o  t o  t h e  need t o  d r a i n  o f f  

grinding w a t e r ,  g h e r e  a grinding s t o n e  h a s  Been s h a ~ e d  w i t h o u t  

l e g s ,  and  with aa e v e n  siightly ~ c u n d e d  bottooa s u r f a c e  (as  i n  



p l a n o - c o a v e x  f o r m )  , a f l a t  s u r f a c e  s u c h  a s  a table s h o u l d  

p r o v i d e  a n  unstable s u r f a c e  a n d  n o t  a l l o w  f o r  a s l o p e ,  fn 

A g u a c a t e n a n g o ?  however, at: l e a s t  one prehistoric g r h d i n g  s t o n e  

was u s e d  on a table,  w i t h  t h e  p rox i rna f  e n d  p r o p p e d  up o n  a p o s t  

(Fig* 7 ) .  B o t h  K i d d e r  a n d  Thompson h a v e  s u g g e s t e d  the 

p o s s i b i f i t ~  t h a t  t h e s e  r o u n d  b o t t o m e d  m e t a t e s  were p l a c e d  in the 

g r o u n d ,  providing s t a b i l i t y  ( K i d d e r  7967: 33; Thompson 1939: 1731, 

E t h n o g r a p h i c  data  c o n c e r n i n g  p l a n u - c o n v e x  naetates, where 

a v a i l a b l e ,  s u g g e s t s  t h a t  t h e y  were o f t e n  u s e d  on t h e  g r o u n d ,  

with t h e  n e a r  end  r a i s e d  t o  a c h i e v e  the d e s i r e d  slope by  p l a c i n g  

it on a s a a l l  r w k  CT c o b b l e  { S o u s - t e l l e  1937:37) 3 a r t l e k t s s  

w o r t  i n  t h e  American S o u t h w e s t  d e t a i l s  the p r o g ~ e s s i ~ n  o v e r  t i a e  

from a f a t h e r  c a s u a l  p r o p p i n g  of the g r i n f l i n g  s t o n e s  on cobbles 

t o  t h e  d e v e l o p m e n t  of t h e  mealing bin ( B a r t l e t ' t  ' f 9 3 3 : 5 - 7 ) .  The 

weal ing  bin--which is a h i g h l y  s o p h i s t i c a t e d  grinding 

a r t i f a c t - - i n c l u d e s  a g r i n d i n g  s l a b  s e t  into t h e  floor w i t h  an 

a v e r a g e  s l o p e  of 30 degrees ( B a r t l e t t  1933: 153 ,  fn t h e  O l d  

World,  E g y p t i a n  t e r r a c o t t a  f i g u r i n e s  suggest that g r i n d i n g  

stones were oftea set a t  a  s l o p e  of a b o u t  35 d e g r e e s ,  " F l a t  

g r i n d i n g  s t o n e s  i n  Rsia Minor  Haay h a v e  b e e n  banked  u p  wi th  e a r t h  

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

stones were a p p a r e n t l y  s l o p e d ,  a s  well fBori tz 

1958:29,79-20,38-39), 

C o m p a r a t i v e  d a t a  i n  t h e  e t h n o g r a p h i c  l i t e r a t u r e  concerning 

t h e  p o s s i b i l e  r e l a t i o n s h i p  b e t w e e n  g r i n d i n g  s t o n e  s i z e  and 

f u n c t i o n  is rainimal,  This is a l m o s t  c e r t a i n l y  d u e  t o  t h e  lack 
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o f  a t t e n t i o n  g i v e n  t o  v a r i a t i o n  i n  g r i n d i n g  f u n c t i o n ,  a s  t h e r e  

is e v i d e n c e  o f  v a r i a t i o n  i n  y r i n d i n y  s t o n e  s i z e .  Pozas 

(f359:1CO] raen t ions  t h a t  two sizes of a e t a t e s  were made i n  

Chamla, b u t  g i v e s  no i n d i c a t i o n  of why. The a v e r a g e  dimensions 

h e  g i v e s  result i n  s u r f a c e  a reas  t h a t  look c o m p a r a b l e  to t h e  Sari 

Eateo 4 a t a  ( T a b l e s  5, 6 ) -  St romsv ik  (1931: 151) mentions t h a t .  

small m e t a t e s  were made for g r i n d i n g  c h i i e  in Morthern Yucakan, 

b u t  d o e s  not give a n y  measurements,  I n  c o n t r a s t  to  the 

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

a  number of r e f e r e n c e s  t o  a t  l e a s t  two s i z e  c l a s s e s  o f  g r i n d i n g  

s t o n e s  (COIF? 1959: 34;  K idde r  1947:33; Kidder e t  a i  7946: 140; 

S t r o m s v i k  193 1: 346-151; R i l l e y  e t  a 1  l965:453-456). S u p p o r t i n g  

the s u g g e s t i o n  t h a t  t h e  two s i z e s  sere used for different 

griaZfing f u n c t i c n s  is the  t e n d e n c y  for t h e m  to  be made of 

different m a t e r i a l s  (Cae 39%: 3 G ;  K i d d e r  3947: 33; Kidde r  et al 

1945:14.0), 

C o n t r o i  a n d  c o l l e c t i o n  of t h e  g r i n d i n g  g r o d a c t  and/or 

b y - p r o d u c t s  Bay be  a more i m p o r t a n t  c o n s t r a i n t  i n  the d e s i g n  of 

grinding s t o n e s  than s u g g e s t e d  b p  t h e  San Plateo data. - Among t h e  

C h o c t i ,  t h e r e  is a rirs a r o u n d  the e d g e  of t h e  g r i n d i n g  surface 

of the m e t a t e  and t h e  ground maize  is c o l l e c t e d  i n  a c o n t a i n e r  

p l a c e d  a t  t h e  f a r  end of t h e  tnetate fffisdom 19UO:88-89,145)- A 

s i r n i l i a r  r i ~  occurs on raetates i n  Baja C a l i f o r n i a  (Aschaann 

1949:683) ,  T h e  rneaiing bins of t h e  Hopi, i a t  a d d i t i o n  t o  h a v i n g  

u p r i g h t  sides, h a v e  a plastered s u r f a c e  a r o u n d  t h e  e d g e  of t h e  

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



Reg iona f. f4ean Ler.gf.h Mean width Surface Area 
C e n  ter (in ca,)  (in cm, ) f i n  sq, CHL-)  

Charnula 
(Pozas 
19YQ:IOO) 

Baja C a l i f o r s i a  45.0  
(Aschma nrs 
1949:583) 

[ B a r t l e t t  5833:  15) -  Bar tfett notes, for the Baefican Southwest, 

t h a t  t r o u g h  s h a p e d  ~e t a t e s  were used on t h e  floor hecause t h e  

trough p r e v e n t e d  spillage (bartfett 7 9 3 3 :  17) - C o l l e c t i o n  areas , 

are a l s o  evident frcr:  grinding stones frola Egypt  and Asia  Binos 

g h i l e  c o n c e r n  'for contro l  of t h e  ground s u b s t a n c e  may b e  a 

ccaaon cons tra in t ,  con tro l  of the water used  i n  gr inding is a  

p r o b l e ~  p r i m a r i l y  where m i z e  h a s  been precooked- Amonq the  

Chorti flaya, t h e  grinding t a b l e  was s p e c i a l 1  y designed t o  

coatmf. a n d  collect t h e  grinding water (aisdom 3940: 736-337) - 



~ h r o u g h o u  t Resoamer ica ,  w h e r e  g r i n d i n g  s t o n e s  a r e  of ten t r i p o d a l  

a n d  maize is precooked  b e f o r e  b e i n g  ground,  t h e  n a i z e  g r i n d i n g  

m e t a t e  is o f t e n  p l a c e d  on a  table o r  r a i s e d  p lank  { R e d f i e l d  g 

V i l l a  Wojos 1962: 36;  S o u s t e i l e  1337~66; V i l l a  Ro j o s  

7969a: 931,235; l969k: 207; D u b y  E Bloln l969:285; %?isdon l94O:83), 

Slab shaped  g r i n d i n g  s t o n e s  map b e  r a i s e d  o f f  t h e  ground i n  

f o r k e d  s t i c k s ,  as  among t h e  X i n c a  of ~ u a t e m a l a  ( C l a r k  1981: 

p e r s ,  cotnm.) , but this would t h e n  make c o Z l e c t i o n  of t h e  g round  

m a 1  tnore d i f f i c u l t ,  Bl though t h e r e  is i n s u f f i c i e z n t  d a t a  f rom 

o t h e r  a r e a s  f o r  a d e q u a t e  c o ~ p a r i s o n ,  it i s  p o s s i b l e  t h a t  the 

p r a c t i c e  o f  p r e c o o k i n g  a a i z e  and the use of water d u r i n g  

g r i n d i n g  h a v e  encouraged  t h e  u s e  of g r i n d i n g  t a b l e s ,  C e r t a i n l y ,  

p l a c i n g  t h e  m e t a t e  on a t a b l e  would k e e p  it o u t  of the mud. 

T h i s ,  i n  t u r n ,  m u l d  have  made t r i p o d a l  w e t a t e s  a o r e  d e s i r e a b l e ,  

inasmuch a s  t h e  f e e t  would F rov ide  ;a more s t a b l e  b a s e  on a  f l a t  

s u r f a c e  s u c h  a s  a t a b l e ,  

a d d i n g  a  r i a  a round the grinding s u r f a c e  may a i d  i n  c o n t r o l  

of t h e  s u b s t a n c e  being ground, However, t h i s  c a n  h a v e  o t h e r ,  

l e s s  d e s i r a b l e  consequences ,  a s  i s  b r o u g h t  o u t  i n  B a r t l e t t 9 s  

d i s c u s s i o n  of S o u t h w e s t e r n  m e a l i n g  b i a s ,  A r a i s e d  rim around  

t h e  g r i n d i n g  s u r f a c e  f o r c e s  t h e  mano to  b e  h e l d  i n  a  p o s i t i o n  

d i r e c t l y  o v e r  t h e  f w e r  s t o n e ,  C a r e  must t h e n  b e  t a k e n  to arroid 

con  tact between  t h e  f i n g e r s  and the lower s t o n e  or t h e  womn 

d o i n g  t h e  g r i n d i n g  may s c r a p e  hex f i n g e r s ,  Among the Hopi, t h e  

proble~ is s u f f i c i e n t  f a r  wowen t o  have  v e r y  s t r o n g  p r e f e r e n c e s  

c o n c e r n i n g  t h e  s h a p e  of t h e  mano (Bastleitt 1933: 15-1 61, If t h e  



l o n g e r  t h a n  t h e  w i d t h  of t h e  g r i n d i n g  s l a b ,  a n d  h e l d  a t  t h e  ends 

away from t h e  s u r f a c e  of t h e  loucs s t o n e ,  a s  i n  S a n  Bateo and 

A g u a c a t e n a n g o ,  I n  terms of t h e  s h a p e  of t h e  g r i n d i n g  s u r f a c e  

a n d  its i n t e r a c t i o n  v i t h  t h e  g r i n d i n g  process, t h e n ,  t h e r e  a re  

two  c o n t r a d i c t o r y  o r  c o u n t e r a c t i n g  c o n s t r a i n t s :  p r e  v e n t i n g  loss 

of t h e  g r o u n d  nteaf, a n d  p r e v e n t i n g  dantage to  t h e  f i n g e r s ,  

T h r o u g h o u t  Mesoamer ica  t h e  c o n c e r n  for p h y s i c a l  t r a u m a  

appears ko h a v e  h a d  ainiinaf i a p a c t  on  the d e s i g n  of g r i n d i n g  

stone morphology,  I n  a d d i t i o n  to  the modern m a i z e  g r i n d i n g  

m e t a t e s  w i t h  r igs ,  most  psefmispanic  g r i n d i n g  s t o n e s  had  a r a i s e d  

e d g e  o f  some s o r t ,  ei ther  the s l i g h t  edge of p l a n o - c o n v e x  

g r i n d i n g  stones, o r  t h e  Bore p r o n o u n c e d  r i m  of t r o u g h  s h a p e d  

g r i n d i u g  s t o n e s ,  G r i n d i n g  s t o n e s  vith f l a t  surfaces were 

usual1 y t h e  t r i p o d a l  metates, I n  s o ~ e ,  b u t  n o t  a l l ,  i n s t a n c e s  

manos  a s s o c i a t e d  w i t h  these fiat s u r f a c e d  g r i n d i n g  s t o n e s  were 

l o n g e r  t h a n  t h e  w i d t h  of t h e  s t o n e  ( K i d d e r  et a1 19Q6:Fig- 158; 

k l h i l e  t h e  r i ~  of most p r e h i s p a n i c  g r i n d i n g  s t o n e s  may Aave 

r e s u l t e d  f r o a  Hear while u s i n g  a a a n o  t h a t  gas s h o r t e r  t h a n  the 

u i d t h  of t h e  g r i n d i n g  s u r f a c e ,  its p r e s e n c e  would s t i l l  h a v e  

r e s u l t e d  i n  the s a w  &robleais a n d  b e n e f i t s  a s  a n  i n t e n t i o n a l l y  

d e s i g n e d  r i z .  I n t e r e s t i n g l y ,  w i l l e y  g?, al, (1965:45d) n o t e  

that f o r  the Late Class ic  a n d  P o s t c l a s s i c  Belize V a l l e y  a number 

o f  g r i n d i n g  s t o n e s  have a h i g h l y  p o f i s h e d ,  b e v e l e d  edge, They 

suggest  t h i s  i n t e n t i o n a l  f i n i s h i n g  of t h e  e d g e  m i g h t  have 



s e d u c e d  t h e  arnount of trauma t o  t h e  hands,  O n e  o t h e r  p o s s i b l e  

a r c h a e o l l o g i c . 3 h  i n d i c a t i o n  that damage  t o  t h e  h a n d s  was a c o n c e r n  

occurs in t h e  Dld World, A n u a b e r  of h a n d s t o n e s  from a 

C la s s i ca l  Greek s i t e  h a v e  b e e n  m o d i f i e d  frclia earl ier  forats t o  

include e i t h e r  h a n d l e s  or: f i u g e r  g r i p s  ( P l o r i t z  1958:YO-41; 

S t o r c k  and  T e a y u e  1952:73), f J n f o r t u n a t e l y  b o t h  t h e  d a t i n g  of 

t h i s  s i t e  a n d  t h e  c o n t e x t  of t h e  g r i n d i n g  s t o n e s  a r e  a m b i g u o u s  

( R u n n e l s  198la: 1 2 1 - 1 2 2 ; f f o r i t z  1958: QO-4l ) ,  f o r e s t a l l i n g  a t t e ~ l l p t s  

& Q  e x p l a i n  t h e  a p p e a r a n c e  o f  t h e  modified h a n d s t o n e s ,  

Te ch_nloq&ic& Qmt* f i tg  

T u r n i n g  t o  t h e  t e c h n o l o g i c a l  c c a n s t r a i n t s  on g r i n d i  ny s t o n e  

m o r p h o l o g y  t h e r e  u a s  t h e  s u g g e s t i o n  f r o @  the S a n  Bateo d a t a  that 

long s l e n d e r  forrns were u n d e s i r a b l e  d u e  t o  t h e  increased. risk of 

b r e a k a g e .  Sorae s u p p o r t  f o r  t h e  first c o n s t r a i n t  cornes fsoln 

modern s t o n e  s c u l p t o r s ,  who s t a t e  t h a t  t h e  tnost difficult fornts 

t o  c a r v e  are those i r t v o l v i n g  d e l i c a t e  p r o j e c t i o n s  a n d  d e e p  

u n d e r c u t s ,  T h e  best shapes fo r  c a r v i n g  are those which  r e r a a i n  

rounded a n d  c o m p a c t  f B i c h  1 9 4 7 ~ 2 1 4 - 2 1 5 ) -  While this seeras t o  

h a v e  litt le d e t e r e n t  effect o n  p r e s e n t - d a y  metate s a k e r s  t h e r e  

is sowe a i x h a e o l o g i c a l  e v i d e n c e  t h a t  b o t h  mate t ia l  asd 

t e c h n o l o g y  h a v e  i n  t h e  p a s t  a c t e d  a s  c o n s t r a i n t s  on the f o r l a  of 

grinding stones, P r o s k o u f i a k o f f  j t962:  338) h a s  s u g g e s t e d  t h a t  

t h e  p r e s e n t - a a y  t r i p o d a l  metates o f  l i ~ e s t o n e  i n  t h e  Y u c a t a n  Rap 

be  a p o s t - c o n t a c t  phenomenon,  p e r h a p s  because the i n t r o d u c t i o n  

of European metal t o o l s  raade t h e  s t o n e  easier t o  work, 

E l s e w h e r e ,  prior t o  t h e  Conquest " l e g s m  o n  t r i p o d a l  metates 



et al 1 9 Y 6 : 1 Y O ) ,  As for  n a t e r i a l ,  most p r e - c o n t a c t  t r i p o d a l  

g r i n d i n g  stones a r e  made o f  v o l c a n i c  m a t e r i a l s  { B o r h e g y i  

1965:26-27,37,5l; Shook 196% 182) A few t r i p o d a l  metates aade 

o f  s a n d s t o n e  a n d  schist d o  o c c u r  a r c h a e o l o g i c a l f y  ( S t r o m s v i k  

3937:126; K i d d e r  3 9 4 7 ~ 3 3 ) ~  b u t  they a re  r e l a t i v e l y  uncolttmon, 

S o c i a l  C o n s t r a i n t s  ---- -------- 
So f a r  t h e  c o ~ p a r a t i v e  d a t a  r e i n f o r c e s  t h e  i m p o r t a n c e  o f  

i n c r e a s e d  e n e r g y - e  f f i c i e n c y  by means o f  a s l o p e d  g r i n d i n g  

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

Bowever,  the p a r t i c u l a r  m o r p h o i o g i c a l  means o f  a c h i e v i n g  t h a t  

s l o p e  show c o n s i d e r a b l e  v a r i a t i o n ,  S i m i l a r l y ,  t h e r e  appears t o  

be s o w  s u p p o r t  f o r  t h e  i m p o r t a n c e  o f  c o n t r o l  over t h e  s u b s t a n c e  

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

effects of this c o n c e r n  show c o n s i d e r a b l e  v a r i a t i o n ,  A t  l e a s t  

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

p r o b l e w  may be  a t t r i b u t a b l e  t o  d i f f e r i n g  s o c i o e c o n o m i c  c o n t e x t s  

a n d  the i n t e r a c t i o n  of d i f f e r e n t  c o n s t r a i n t s ,  This may b e  

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

a s  t h e  l o n g  slender a a n o s ,  a n d  t h e  l e g s  of t h e  t r i p o d a l  l e e r t a k e s  

a h i l e  t h e  legs {or a t  l e a s t .  - the  h i n d  leg) of Mesoaraer ican 

t r i p o d a l  m e t a t e s  p r o v i d e  an i n i t i a l  s l o p e  a s  well a s  a means of  

a d j u s t i n g  t h e  s l o p e ,  p lano-convex  a n d  t r o u g h  s h a p e d  g r i n d i n g  

stones can a l s o  b e  s l o p e d  b y  t h e  s i m p l e  expedient of p r o p p i n g  up 

o n e  end. Hit h i r t  h i s p a n i c  Besoamerica, She if i s t i n c t i o n  between 



s p e c i a l  i z a t i o n  a n d  r e g i o n a l  n a r  k e t i  ng* Among t h e  L a c a n d o n e s  

both t r i p o d a l  a n d  lfglless g r i n d i n g  s t o n e s  were used, T h e  l a t t e r  

were f o u n a  i n  c o n t e x t s  w h e r e  osers had  l i m i t e d  t r a d e  c o n t a c t s  

n i t t i  ~ a r k e t s  s u p p l y i n g  t h e  s p e c i a l i s t - m a d e  metates { S o u s t e l l e  

3937: 3 7 ) -  S i m i l a r l y ,  w h e r e  b a s i n  s h a p e d  a a d  t r i p o d a l  metates 

co-occur among the X i n c a  of e a s t e r n  ~ u a t e ' m a l a  t h e  b a s i n  s h a p e d  

nzetates a r e  L o c a l l y  lgade w h i l e  t h e  t r i p o d a l  ntcetates are 

i a p a r t e d ,  T h e  t r i p o d a l  metates, p e r h a p s  b e c a u s e  t h e y  a r e  

i m p o r t e d ,  c o n • ’  er Bore s o c i a l  " p r e s t i g e "  o n  t h e i r  owners t h a n  do 

t h e  b a s i n  s h a p e d  i a e t a t e s  ( C l a r k  1980: 12, 26-27), V i t f i i n  the 

a r c h a e o l o g i c a l  r e c o r d  the i n i t i a l .  a p p e a r a n c e  of l e g s  {which  were 

a l l  r e l a t i v e l y  s h o r t )  i n  t h e  H i g h l a n d s  was a s s o c i a t e d  w i t h  

**r i tuafq+ metates p l a c e d  i n  burials (Borhegyi 1 9 6 5 ~ 2 6 - 2 7 ;  Kidder 

e t  a l  19Y6:140), V h a t e v e r  t h e i r  u s e  or  t h e  r e a s o n  f o r  the smal l  

feet, t h e s e  small ae ta tes  wou ld  a g p e a r  t o  have h a d  a n  a s s o c i a t e d  

p r e s t i g e  v a l u e ,  T h i s  associa t i o n  of legs w i t h  p r e s t i g i o u s  

s p e c i a l  u s e  seams to b e  c o n t i n u e d  t o  t h e  P o s t c l a s s i c ,  uben t h e  

s i n g l e  h i n d  l e g  became  c o n s i d e r a b l y  e l o n g a t e d  (Woodbury 8 T r i k  

9953:221),  In s p i t e  cf t h e i r  p r e s t i g e  v a l u e ,  however, the 

w i d e s p r e a d  a p p e a r a n c e  o t  l e g s  on g r i n d i n g  s t o n e s   fro^ kaown 

d o m e s t i c  c o n t e x t s  d o e s  not o c c u r  u n t i l  a f te r  t h e  Conquest, when 

metal t o o l s  a n d  i m p r o v e d  t r a n s p o r t a t i o n  are  a v a i l a b l e ,  Thas t h e  

p r e s e n t  d a ~  maize g r i n d i n g  D e t a t e s  of R e s o a ~ e r i c a  may reflect a 

unique c o m b i n a t i o n  of factors, T h e  l e g s  h a v e  some f u n c t i o n a l  

a d v a n t a g e s ,  p a r t i c u l a r l y  where  maize i s  p r e c o o k e d  b e f o r e  



g r i n d i n g .  They  a l s o  h a v e  a l o n g - t e r n  a s s o c i a t i o n  w i t h  s o c i a l  

p r e s t i g e ,  F i n a l l y ,  t h e  i n t r o d u c t i o n  of E u r o p e a n  metal tools  a n d  

i n p r o v e d  t r a n s p o r t a t i o n ,  i n  c o n j u n c t i o n  w i t h  t h e  a l r e a d y  

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

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

s a c i a P l y  d e s i r a b l e  t r i ~ o d a l  metates b e c a m  g e n e r a l l y  a v a i l a b l e  

f o r  d o m e s t i c  use, 

A n o t h e r  i n s t a n c e  of mofp h o l o g i c a l  v a r i a t i o n  r e s u l t i n g  f r o @  

the i n t e r a c t i o n  o f  m u l t i p l e  c o n s t r a i n t s  a a y  b e  seen i n  g r i n d i n g  

s t o n e  d i m e n s i o n s ,  A l t h o u g h  t h e  s i z e  of t h e  t o t a l  g r i n d i n g  

s u r f a c e  a r e a  seents to  b e  re la ted to f u n c t i o n ,  e v e n  a c a s u a l  

inspect ion of a v e r a g e  l e n g t h  a n d  w i d t h  l a e a s u r e m e n t s  of ~netates 

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

v a r i a t i o n  o c c u r s  i n  t h e s e  m e a s u r e m n t s  a n d  i n  t h e i r  r a t ios  

(Table 6 ) -  B c o ~ p a r i s o n  of  S a n  &ate0 and Q u a c a t e n a n g o  t r i p o d a l  

m e t a t e s  is i n t e r e s t i n g  i n  t h i s  r e s p e c t ,  T h e s e  is no  s i g n i f i c a n t  

d i f f e r e n c e  i n  t h e  s i z e  o f  t h e  g r i n d i n g  surface areas  i n  the two 

p o p u l a t i o n s  { T a b l e  7)- T h a t  is, t h e r e  is no  real d i f f e r e n c e  i n  

the t o t a l  s i z e  of atetates f r o a  the two v i l l a g e s ,  Thsra is, 

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

w i t h  t h e  metates f corn B g u a c a t e n a n g o  b e i n g  s o n e w h a t  l o n g e r  a n d  

n a r r o w e r  (Tab le  7)- T b i s  suggests t h a t  a s  l o n g  a s  a s u f f i c i e n t  

g r i n d i n g  s u r f a c e  area is p r o v i d e d ,  t h e r e  Bay be c o n s i d e r a b l e  

l a t i t u d e  i n  t h e  l e n g t f i l w i d t h  r a t i o s ,  which  i n  t u r n  i s  mos t  

l i k e l y  r e l a t e d  t o  s o u r c e  of re i fnufac tu re  a n d  t h e r e b y  t o  social 

g r o u p  p r e f e r e n c e s ,  



San Mateo Aguacatenango S t u d e n t . 9 ~  2 *a 

*a: f n  bath i n s t a n c e s ,  t-wo-tailed tests were used, 

T h e  q u e s t i o x a s  posed a t  t h e  b e g i n n i n g  o f  t h i s  s e c t i o n  on 

morphology were how t h e  d i f  fereat c o n s t r a i n t s  of f u n c t i o n ,  

t e c h n o l o g y ,  and  s o c i a l  o r g a n i z a t i o n  r e f a t e d  generally to 

g r i n d i n g  s t o n e  for ia ,  and  i n  p a r t i c u l a r  t o  t h e  t r i p o d a l  ism 

found o n l y  i n  3 e s o a a e r i c a .  One of t h e  more o l ; v i o u s l p  c o n s i s k e n t  

c o n s t r a i n t s  oa  g r i n d i n g  s t o n e  morphology is f u n c t i o n ,  i n  t h e  

s e n s e  of i n c r e a s e d  e n e r g y  e f f i c i e n c y ,  While t h i s  would see@ to 

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

i u a t e r i a l  s e l e c t i o n ,  i t  s h o u l d  b e   tressed t h a t  the n a t u r e  a&  

effect of t h e  c o n s t s a i n t s  d i f f e r s  s i g n i f i c a n t l y  i n  t h e  two 

s i k u a t i m s ,  V a r i a t i o n  i n  m a t e r i a l  a p p e a r s  t o  b e  r a the r  c l o s e l y  

related t o  i ~ p r o v e d  effectiveness of g r i n d i n g ,  o r  t o  the 

c h a r a c t e r i s t i c s  o f  t h e  s u b s t a n c e  b e i n g  ground. I n  c o n s t r a s t ,  

i n c r e a s e d  energy efficiency o f  use i s  o n l y  one o f  t h e  f a c t o r s  

l e a d i n g  t o  m o r p h o l ~ g i c a l  var iat , ic~c,  For exam~fe ,  t h e  a p p a s e n t l y  



wor ld -wide  s o l u t i o n  t o  i n c r e a s i n g  e n e r g y  e f f i c i e n c y  by p l a c i n g  

t h e  g r i c d i n g  s u r f a c e  a t  a slope c a n  b e  a c h i e v e d  by more than o n e  

~ o r p h o l o g i c a f  Beans ,  In o t h e r  words ,  t h e r e  is n o  s i n g l e  optilgum 

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

of a single opt imum s o l u t i o n  t o  a probleta is most a p p a r e n t  i n  

t h e  v a r i o u s  means of c o n t r o l l i n g  t h e  g r o u n d  substance and  its 

by- p r o d u c t s ,  t h ~  other f u n c t i o n a f ,  c o n s t r a i n t  on  g r i n d i n g  s t o n e  

i e o r p h o l o g p  11 rlsooRle i n s t a n c e s  a r i i ~  is a p a r t  o f  t h e  g r i n d i n g  

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

t o t a l  g r i n d i n g  e n v i r o n m e n t ,  e i t h e r  w a f f s  e x t e r n a l  t o  t h e  

g r i n d i n g  surface o r ,  i n  t h e  case of footed  f o r m s ,  p l a c i n g  t h e  

g r i n d i n g  s t o n e  on a s u r f a c e  other t h a n  t h e  g r o u n d ,  

One of the r e a s o n s  f o r  t h e  l a c k  of a s i n g l e  op t imua 

s o l u t i o n  t o  a p rob lem is t h a t  m c r ~ h o l o g i c a l  v a r i a t i o n  a p p e a r s  t o  

reflect t h e  i n t e r a c t i o n  o f  w u l t i p l e  c o n s t r a i n t s ,  F o r  exaapfe ,  

t h e  s ize  o f  t h e  g r i n d i n g  surface area nay be r e l a t e d  to 

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

t h e  b u l k  of t h e  & a t e r i a l  b e i n g  p r o c e s s e d  and i n  t h e  sense of 

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

c o n s t r a i n t ,  however ,  t h e r e  wag b e  c o n s i d e r a b l e  l a t i t u d e  f o r  

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

any p a r t i c u l a r  r a t i o  may r e f l e c t  a  t e n d e n c y  t o w a r d s  s o c i a l  

c o n f o r a i t y  o i t h i n  a g i v e n  p r o d u c i n g  or  u s i n g  community, 

P a r t  of t h e  a n s w e r  t o  the second question raised a t  the 

b e g i n n i n g  o f  t h e  d i s c u s s i o n  o f  morpho logy ,  what  c o n s t r a i n t s  can 

" a c c o u n t  f o r  t h e  u n i q u e l y  Mesoaiwricara  t r i p o d a l  weta te, seems 



also t o  be  r e l a t e d  to  t h e  i n t e r a c t i o n  of c o n s t r a i n t s ,  s o a e  

f u n c t i o n a l  b e n e f i t s  c a n  B e  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  feet, 

For i n s t a n c e ,  tbey a l l o w  the metate t o  b e  p l a c e d  o n  a s u r f a c e  

o t h e r  t h a n  t h e  g r o u n d ,  w h i l e  t a a i n t a i n i n g  s t a b i l i t y ,  This i n  

t u r n  p r o v i d e s  a l t e r n a t i v e  m a n s  for a d j u s t i n g  t h e  s l o p e  of t h e  

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

l a t t e r  m y  be of g r e a t e r  i m ~ o r t a n c e  w h e r e  maize is p r e c o o k e d  a n d  

water used i n  t h e  g r i n d i n g  p r o c e s s ,  T h e s e  b e n e f i t s  a l o n e ,  

h o w e v e r ,  d o  not seem s u f f i c i e n t  t o  j u s t i f y  t h e  t e c h m o l o g i c a f .  

c o s t s  of t h e  l e g s ,  T h e  l o n g - t e r m  a s s o c i a t i o n  of l e g s  with 

s o c i a l  p r e s t i g e  B a y  a l s o  b e  i ~ t p o r t a n t  i-n e n h a n c i n g  their 

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

F i n a l l y ,  t h e  r e d u c t i o n  O X  t e c h n o l o g i c a l .  c o n s t r a i n t s  w i t h  t h e  

i n t r o d u c t i o n  o f  metal t oo l s  a n d  i w p r o v e d  t r a n s p o r t a i o n  a l s o  

seems t o  b e  n e c e s s a r y ,  Thus ,  a l l  t h r e e  sources cf c o n s t r a i n t ,  

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

o c c u r r e n c e  of t r i p o d a l  meta tes, 

While t h e  i n t e r a c t i o n  o f  a u l t i p l e  c o n s t r a i n t s  may a c c o u n t  

for l e g s  on t h e  t r i ~ o d a l  metatczs of P l e s o a m e r i c a  today," it d o e s  

n o t  e x p l a i n  t h e i r  o r i g i n a l  a p p e a r a n c e  d u r i n g  t h e  P o r m a t i v e ,  I t  

is g e n e r a l l y  a s s u m e d  that they were u s e d  t o  g r i n d  r i t u a l  maize, 

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

i n  s u b s t a n c e s  p r o c e s s e d  o n  g r i n d i n g  s t o n e s .  As B a s  b e e n  n o t e d ,  

t h e  ea r l i e s t  f c o t e d  f o r m s  t e n d e d  t o  d i f f e r  front doraestic 

g r i n d i n g  storses n o t  o n l y  i~ for&, b u t  a l s o  in s i z e  a n d  mates ia l ,  

a l l  o f  w h i c h  s u g g e s t  t h a t  w h a t e v e r  was b e i n g  p r o c e s s e d  on the@ 



dif f e r e E  i n  some s i g n i f i c a n t  r a s g e c L  F o r  t h e  p r e s e n t  t h e  

q u e s t i o n  o f  what t h e y  were u s e d  for, t h e  r e a s o n  f o r  t h e  small  

feet ,  a s  well a s  t h e  r e a s o n  f o r  t h e  p r e s t i g e  a s s o c i a t e d  w i t h  

them s h o u l d  a l l  r e g a i n  open,  They may w e l l  h a v e  been used f o r  

t h e  r i t u a l ,  g r i n d i n g  o f  maize, b u t  t h i s  should be demonstrated, 

n o t  assumed.  

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

with a r e s t a t e r a e n t  o f  two major p a i n t s ,  F i r s t ,  a l t h o u g h  t h e  

concern  f o r  hurnan e n e r g y  efficiency s e e a s  t o  be a fairly 

u n i v e r s a l  c o n s t r a i n t  on g r i n d i n g  s t o n e  m r p h o l o g y ,  there is no 

s i n g l e  o p t i a a l  i t i o r p h o l o g i c a l  means  of g e e t i n g  t h a t  c o n s t r a i n t ,  

I n  E a c t ,  t h e  s o l u t i o n  t o  a p a r t i c u l a r  f u n c t i o n a l  p r o b l e m  Ray n o t  

even  b e  d i r e c t l y  e x p r e s s e d  i n  t h e  g r i n d i n g  s t o n e  form, This 

l e a d s  t o  t h e  s e c o n d ,  a n d  p e r h a p s  ~ o s t  i n p o r t a n t  c a n c f  usion, t h a t  

~ o r p h o l o g i c a l  v a r i a t i o n  ~ u s t  be a c c o u n t e d  f o r  i n  terms o f  the 

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

a t t r i b u t e d  primarily to o n e  type of c o n s t r a i n t ,  such a s  

function, f n  t h i s  r e s p e c t  m o r p h o l o g i c a l  v a r i a t i o n  differs fro@ 

material v a r i a t i o n  which is p r i a a r i l y  relatea t o  v a r i a t i o n  i n  

f u n c t i o n  a n d  t h e  e c o n o m i c  i m p o r t a n c e  of t h a t  f u n c t i o n .  This 

should n o t  b e  s u r p r i s i n g  g i v e n  t h a t  a r t i f a c t  ~ t l o r p h o l o g y  is 

p r o d u c e d  by t h e  c u l t u r a l  m o d i f i c a t i o n  of n a t u r a l  fo rms ,  u h i l e  

artifact materials, a t  f eas t  i n  t r a d i t i o n a l  s o c i e t i e s ,  tend to 

b e  the m o s t  a p p r o p r i a t e l y  a v a i l a b l e  raaterials which can b e  

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



fV, C O M S T R A I N P S  0% THE BUNBFB A N D  LOCATIDM Of' G R I N D I M E  STONES 

In a d d i t i o n  t o  material a n d  morpho logy ,  s 2 a l - i a l  l o c a t i o n  

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

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

beyond  t h e  b o u n d s  o f  t h e  d e s i g n  prcfaien these d a t a  c a n  h e  

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

a n d  morpfiology, Fuztc t i o n a l .  a n d  s o c i a l  c o n s t r a i n t s  c a n  be  

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

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

grinding s t o n e s ,  c a n  b e  a s s e s s e d ,  f ' f e c h n o l o g i c a l i  c o n s t r a i n t s  

are  o m i t t e d  f r o m  c o n s i d e r a t i o n ,  a s  t h e y  d o  n o t  a p p e a r  t o  h a v e  

any s i g n i f i c a n t  e E f e c k  oa g r i n d i n g  s t o n e  d i s t r i b u t i o n , f  

T h e  f a c t  t h a t  d i s ' t r i b u t i o n a f  f a c t o r s  are o u t s i d e  t h e  realm 

of t h e  d e s i g n  problem d u e s  create some a n a i y t i c  p r o b i e a s  not 

p r e v i o u s l y  e n c o u n t e r e d ,  Two ~ r o b l e m s  i n  p a r t i c u l a r  a r e  t h e  

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

a r c h a e o l o g i c a l  a n d  c u l t u r a l  f s y s t e n t i c )  c o n t e x t s -  tahere material 

a n d  rnorpholoyy a r e  the d e p e n d e n t  v a r i a b l e s  u n d e r  analysis, t h e  , 

g r i n d i n g  stone i tself  is t h e  most  l o g i c a f  s a m p l i n g  u n i t ,  H i t h  

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

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

u n i t  was  t h e  h o u s e h o l d ,  For t h e  s i n g l e  v i l l a g e  site - . t h i s  is 

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

b e h a v i o r a l  u n i t  d i s t i n c t  f rom,  y e t  r e p l i c a t e d  by  o t h e r  

h o u s e h o l d s  i n  terms of the r a n g e  o f  a c t i v i t i e s  p e r f o r m e d ,  
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s o c i a l  unit, a n d  w i l l  k i a s  t h e  i n t e r p r e t a t i o n  i n  t h e  direction 

of s o c i  a f  f a c t o r s ,  

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

p o s s i b l e  d i s p a r i t y  be tween  a r c h a e c l o g i c a l  a n d  c u l t u r a l  c o n t e x t s ,  

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

eff o r t  was ~ a d e  t o  c o l l e c t  p e r t i n e n t  d a t a ,  N e v e r t h e l e s s  i t  i s  

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

o n e  t h a t  r e m a i n s  u n r e s o l v e d  (Schi l f f  er 1972; B r o o k s  1982)-  What 

d a t a  a r e  a v a i l a b l e  will b e  p r e s e n t e d ,  g r i n a r i l y  i n  t h e  hope  t h a t  

t h e y  w i l l  s u g g e s t  d i r e c t i o n s  d e s e r v i n g  of f u t u r e  stuflyl. 

In t h e  f o l l o w i n g  s e c t i o n  c o n s i d e r a t i o n  w i l l  be g i v e n  f i rs t ,  

t o  the e f f e c t  of f u n c t i o n a l  c o n s t r a i n t s  o n  t h e  f o c a t i o n  a n d  

nuntbor o f  grinding s t o n e s ;  s e c o n d ,  t o  the e f f e c t  of  s o c i a l  

c o n s t r a i n t s ;  a n d  t h i r d ,  t o  t h e  v i s i b i l i t y  i n  a n  a r c h a e o l o g i c a l  

c o n t e x t  af p a t t e r n s  n o t e d  i n  t h e  c u i t u r a l  c o n t e x t ,  As i n  

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

from S a n  R a t e o ,  f o l l o w e d  by a c o m p a r i s o n  w i t h  d a t a  f rom o t h e r  

sources a n d  f i n a l l y  by a general d i s c u s s i o n ,  

F u n c t i o n a l  C o n s t r a i n t s  Suqqesteg &f Spn Ba teo &ap --------- -------- 
F u n c t i o n  had a h  o b v i o u s  e f f e c t  o n  t h e  l o c a t i o n  of g r i n d i n g  

s t o n e s ,  w i t h  f r e q u e n c y  a n d  c o n v e n i e n c e  o f  use a s  m a j o r  

c o n s i d e r a t i o n s ,  For instance, w a s h i n g  stones o c c u r r e d  n o s t  

f r e q u e n t l y  n e a r  conmunal water s o u r c e s ,  Oi t h o s e  f o u n d  i n  

hou sehoLd conapounds, t h e  m a j o r i t y  [six of s e v e n )  were f o c a t e d  

near s p r i n g s  o r  streams, One, however ,  was s t o r e d  i n  a h o u s e  
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f o r  r e a s o n s  unkncwn. Herb  s t o n e s  which o c c u r r e d  i n  h o u s e h o l d  

c o m p o u n d s  were a l s o  g e n e r a l l y  near a water s o u r c e ,  although i n  

a t  l e a s t  t w o  i n s t a n c e s  they were found  i n  c o i x t ~ o u n d s  w i t h o u t  a 

water: source, O t h e r  s p e c i a l  p u r p o s e  s t o n e s ,  such a s  t h o s e  u s e d  

for g r i n d i n g  coffee, s a l t ,  or calcite,  were n o r r n a l l y  k e p t  i n  t h e  

h o u s e ,  s tared a g a i n s t  a w a l l  o r  i n  t h e  a t t i c -  J n  t h e  h o u s e  o n f a  

the maize g r i n d i n g  metates, u s e d  on a d a i l y  basis, vere Left i n  

place o n  t h e  grinding t a b l e  whe re  they v e r e  used, 

T h e  e f f e c t  o f  f u n c t i o r n  o n  f r e q u e n c y  of g r i n d i n g  s t o n e s  was 

musk o b v i o u s  a t  t h e  v i l l a g e  level o f  a n a l y s i s ,  S p e c i f i c a l l y ,  

n e a r l y  e v e r y  h o u s e h o l d  h a d  one o r  aslore maize g r i n d i n g  ae ta tes ,  

w h e r e a s  o n l y  26,  o r  a b o u t  h a l f  t h e  h o a s e h o l d s ,  h a d  s p e c i a l  

purpose g r i n d i n g  s t o n e s ,  This, a g a i n ,  is a r e f l e c t i o n  of t h e  

g r e a t e r  functional i m ~ o r t a n c e  o f  the m a i z e  g r i n d i n g  ae ta tes  f o x  

a11 h o u s e h o l d s  ia t h e  v i l l a g e ,  T h e  same c o n s i d e r a t i o n  of 

r e l a t i v e  e c o n o i n i c  i m p o r t a n c e  does n o t  seem t o  be re la ted t o  t h e  

p r e s e n c e  o r  a b s e n c e  of s p e c i a l  use g r i n d i n g  s t o n e s  a t  t h e  

household l e v e l ,  81: l e a s t  o n e  i n f o r r a a n t  r h o  s v n e a  a speciar use 

c o f f e e  g r i n d i n g  se ta te  s a i d  t h a t  she d i d  s o  i n  o r d e r  t o  a v o i d  

rtrixing flavors. O t h e r  h o u s e h o l d s ,  h o w e v e r ,  r e p o r t e d  t h a t  they 

s i m p l y  w a s h e d  the naaize gtindlny metate a f t e r  h a v i n g  u s e d  i t  f o r  

o t h e r  pu rposes ,  Also, most p o t t e r s  i n  San Pftakeo s t a t e d  that 

t h e y  u s e d  t h e i r  raaize g r i n d i n g  ~ e t a t e s  to g r i n d  the calci te  

t e m p e r ,  even t h o u g h  i t  was r e c o g n i z e d  t h a t  t h i s  r e d u c e d  . the 

u s e - l i f e  of t h e  metate. 
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S o c i a l  c o n s t r a i n - t s ,  u n l i k e  f u n c t i o n a l  c o n s k f a i n t s ,  seemed 

t o  h a v e  t h e  g r e a t e s t  i n f l u e n c e  cu t h e  f r e q u e n c y  of grinding 

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

two o r  three m e t a t e s  were c b v i o u s l y  i n  e v e r y d a y  u s e ,  

C o n s i s t e n t l y ,  when ~ e o p l e  were a s k e d  t h e  r e a s o n ,  t h e  r e s p o n s e  

was t h a t  there were two o r  t h r e e  wolraen, Each woman owned h e r  

own a e t a t e ,  a n d  it was g e n e r a l l y  not a s e d  by  o t h e r  women, T h e r e  

is a s i g n i f i c a n t  c o r r e l a t i o n  between the numbex of a d u l t  wolrten 

(Ir)  y e a r s  of a g e  a n d  o l d e r )  p e r  h o u s e h o l d  a n d  number of raodera 

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

f o x  o n l y  31% of t h e  v a r i a t i o n  i n  number o f  n a e t a t e s  (g=, 5561, 

~< ; . 01 ) ,  ~ h t 3  nurnber of metates p e r  h o u s e h o i d  is somewhat  more 

closely r e l a t e d  t o  h o u s e h o l d  i a a i l y  s t r u c t u r e ,  with e x t e n d e d  

fami l ies  more l i k e l y  trr own %%re o r  wore metates ( T a b l e  8 ) -  T h e  

a s s o c i a t i o n  of faaily r e s i d e n c e  t y p e  a n d  t h e  presence  of 

i a u l t i p l e  g r i n d i n g  s t o n e s  p e r  h o u s e h o l d  i s  e v e n  Bore strongly 

r e f l e c t e d  i n  t h e  o a n e r s h i p  02 s p e c i a l  p u r p o s e  g r i n d i n g  s tones ,  

O f  the 26 h o u s e h o l d s  w i t h  t h e s e  s p e c i a l  p u r p o s e  stones, 21 wese 

e x t e n d e d  f a m i l i e s ,  w h i i e  o n l y  f i v e  were n u c l e a r  f ami l i es  [Chi 

Square='J, 3734, g<- 01)- 

One of t h e  r e a s o n s  t h e  a s s o c i a t i o n  b e t w e e n  the number  of 

metates a n d  number  of a d u l t  woaen is n o t  s t r o n g e r  is d u e  t o  t h e  

f l e x i b i f  i t y  i n  work o r g a n i z a t i o n  a • ’  f o r d e d  b l  e x t e n d e d  f a ~ i l y  

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

h o u s e h o l d ,  1 n SOB@--bu t n o t  a l l - - e x  tended f a m i l y  h o u s e h o l d s  it 
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Number of tYIetates 
V i l l a g e  P a a P l y  Less Two o r  Hedian Craae r t s  

Than Two Mo re T e s t *  P h i  

S a n  Eateo B u c l e a r  t 5 4 E<.. 0 1 =a 627 1 
Extended 5 27 

Agnaca-  Muclear 6 13  E>, 05 
t e n a n g o  E x t e n d e d  3 2 8  . 

+The m e d i a n  f o r  both San W a t e o  and  Aguaca tenax tyo  was two, 

w o u l d  a p p e a r  t h a t  the wife or  widow of t h e  h e a d  cX the f a r a i l y  i s  

exc~i tpted  from raaize g r i n d i n g ,  X m some other h o u s e h o l d s ,  

u n ~ a r r i e d  a d u i t  women m y  n o t  own a ae ta te  and t h u s  d i s t o r t  the 

a s s o c i a t i o n ,  

A n o t h e r  f a c t o r  t h a t  d i s t o r t s  t h e  r e l a t i o n s h i p  between t h e  

n u m b e r  of metatfs a n d  t he  nu~gloiel of a d u l t  wowen i s  tfie s t o r a g e  

treatinent o f  metates, T e n  of t h e  fittuse'no2ds s u r v e y e d  h a d  15 

whole raetates i n  s t o r a g e ,  T h e  metates were being s t o r e d  f o r  a 

v a r i e t y  o f  r e a s o n s ,  TMQ were b e i n g  k e  ~t b y  a woman fo r  a friend 

who was away f o r  an e x t e n d e d  time, "so t h e y  w o n 3 t  be  s to lean l  

A n o t h e r  f a m i l y  had p u r c h a s e d  a t  l e a s t  o n e  ntetate when r e t r a s n i n g  

froa t h e  f i n c a ,  kee 'p ing  i t  f o r  f u t u r e  need ,  Xn a n o t h e r  case a n  

e l d e r l y  E a d i n o  votnan still k e p t  t h e  ~ e t a t e  g i v e n  t o  h e r  by her 

h u s b a n d "  s o t h e r ,  a l t h o u g h  it was seldom used, W h i l e  s t o r a g e  

b e h a v i o r  w o u l d  d i s t o r t  t h e  r e l a t i o n s h i p  between n u ~ b e r  of 

m e t a t e s  d n d  deaography,  it d i d  n o t  a l t e r  t h e  r e l a t i o n s h i p  

b e t  ween m u l t i p l e  g r i n s i n g  s t o n e s  and f a  aily r e s i d e n c e  p a t t e r n s ,  
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composed  o f  e x t e n n e d  f a m i l i e s ,  

T h e  storage t r e a t m e n t  cf b a s a l t  a e t a r t e s  was i n  part a 

r e f l e c t i o n  of t h e i r  v a l u e ,  A l t h o u g h  t h i s  v a l u e  derives 

u l t i m a t e l y  f rom t h e  i r r ~ o r t a n c e  of: the m e t a t e  i n  t h e  s u b s i s t e n c e  

economy, i t  c a n  b e  p a r t i a l l y  e x p r e s s e d  i n  m o n e t a r y  terms- T h e  

a p p r o x i m a t e  price of a metate i n  the u r b a n  m a r k e t  where m o s t  

were p u r c h a s e d  was US$ZO, I h i s  ~ u s t  b e  p a i d  from a median 

a n n u a l  incorne of US$5YO, o r  a b o u t  3 - 6 s  o f  t h e  c a s h  incotae. ( B  

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

c a r - - w i t h  c a s h , )  Phis raised t h e  p o s s i b i l i t y  t h a t  t h e  number of 

t r i p o d a l  ( p u r c h a s e d )  r a e t a t e s  m i g h t  b e  r e l a t e d  t o  a n n u a l  incogle, 

However, t h e r e  was n o  significant r e l a t i o n s h i p  b e t w e e n  a n n u a l  

income and  number o f  metates p e r  h o u s e b o l d  (r=.2E5Y, ~>,05), 

T h e  l a c k  of r e l a t i o n s h i p  b e t w e e n  annual incore a n d  ownership of 

grinding stones extends -to s p e c i a l  p u r p o s e  stones a s  well, where 

it wonld  b e  e v e n  more r e a s o n a b l e ,  I n  p a r t i c u l a r ,  of the s i x  

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

because of t h e i r  smlL ~ i z e ,  would have  been  p o r c h a s e d  

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

whose  a n n u a l  income is h i g h e r  t h a n  t h e  n o r m a l  range o f  

v a r i a t i o z t ,  w h i l e  two belong t o  h o u s e h o l d s  with annual. i n c o t a e s  

b e l o w  t h e  s a m p l e  median, 

T h e r e  were f i v e  h o u s e h o l d s  i n  S a a  Bateo which d i d  n o t  h a v e  

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

t h e y  may p r o v i s i o n a l l y  be g r o u p e d  i n t o  two  c a t e g o r i e s ,  



L 

was t h e  loca l  e q u i v a l e n t  o f  a scarlet  woman, who l i v e d  by 

b e g g i n g .  T h e  s e c o n d  woman u a s  a t  t h e  o t h e r  e x t r e m e  of t h e  

s o c i a l  scale, S h e  was t h e  Alcalde R e z a d o r a ,  widow o f  t k e  

l ife-time h e a d  of t h e  r e l i g i o u s  c a r g o  s y s t e m ,  Like h e r  h u s b a n d  

b e f o r e  h e r  s h e  was f o r b i d d e n  t o  work  a n d  was a l s o  d e p e n d e n t  o n  

t h e  charity of h e r  n e i g h b o r s ,  T h e  o t h e r  t h r e e  h o u s e h o l d s  

w i t h o u t  a e t a t e s  were t h o s e  whose  members were p a r t  of a n  

e x t e n d e d  f a a i l y  under  g o i n g  p h y s i c a l  s e p a r a t i o n  o f  r e s i d e n c e ,  

a l t h o u g h  t h e  process was incomplete and a t  least some  meals were 

taken i n  t h e  o r i g i a a l  h o u s e h o l d ,  

F o r  t h e  ntost p a r t  h o u s e h o l d  f a m i l y  structure was the o n l y  

s o c i a l  variable associated with t h e  presence a n d  n u n b e r  of 

g r i n d i n g  s t o n e s ,  T h e  one e x c e p t i o n  was f o r  h e r b  p r e p a r i n g  

a r t i f ac t s ,  I n  a d d i t i c n  t o  aa extended family h o u s e h o l d ,  the 

p r e s e n c e  of h e r b  p r e p a r i n g  a r t i f a c t s  was a s s o c i a t e d  w i t h  

a d h e r e n c e  t o  t r a d i t i o n a l  r e l i g i o u s  b e l i e f s  ( T a b l e  9)- ?or 

p u r p o s e s  of a n a l y s i s  h e r b  mashing stones a n d  wooden h e r b  m a s h i n g  

faortars were c o f a b i n e d  t o  p r o v i d e  a r e a s o n a b l e  s a m p l e  s ize,  T h i s  

was c o n s i d e r e d  j u s t i f i a b l e  s i n c e ,  a s  noted earl ier ,  t h e  

d i s t i n c t i o n  b e t w e e n  t h e  two i n  San Mateo a p p e a r e d  to be 

prinrarily a ~tlatter of p e r s o n a l  p r e f e r e n c e ,  I n  San Rate0 

t r a d i t i o n a l  r e l i y  i o u s  beliefs a n d  p r a c t i c e s  a re  e s s e n t i a l l y  

Mayan, w i t h  a very thin veneer of catholic is^^ They may b e  

contrasted w i t h  n o n - l r a d i t  i o n a l  r e l i g i o u s  b e l i e f s  a n d  p r a c t i c e s ,  
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Under  our 3 9 p>*50 *c 
F o u r  o r  Rore 10 2 3  

*a Herb m a s h i n g  s t o n e s  a n d  wooden h e r b  m a s h i n g  t r o u g h s  were 
g r o u p e d  t o g e t h e r  i n  o r d e r  t o  increase t h e  s a m p l e  s ize ,  Since 
t h e  c h o i c e  between s t o n e  a n d  v o o d  a p p e a r e d  t o  be  a matter of 
p e r s o n a l  p r e f e r e n c e ,  this was f e l t  to b e  j u s t i f i a b l e ,  

*b fisher ~ x a c t  P r o b a b i l i t y  Test 

*c n e d i a n  T e s t .  Range=O-8, m e d i a n = 4 ,  

e i t h e r  i r a  t h e  f o r m  of Evangelical P r o t e s t a n t i s m  c r  r e c o n v e r t e d  

Roman C a t h o l i c  isa, The a s s o c i a t i o n  of t r a d i t i o n a l  r e l i g i o u s  

a f f i l i a t i o n  a n d  h e r b  p r e p a r a t i o n  a f t i f a c t s  reflects t h e  close 

r e l a t i o n s h i p  between r e l i g i o n  a n d  n e d i c i a e  i n  t r a d i t i o n a l  Hayan 

thought [Roys  3955 : ix ) ,  Rncther v a r i a b l e  which ~ i g h ' t ;  b e  

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

a r t i f a c t s  is the e x t e n t  of r e p o r t e d  k n o w l e d g e  of h e r b a l  u se ,  

T h i s ,  h o w e v e r ,  was n o t  the case { T a b l e  9) The a s s o c i a t i o n  o f  

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

r e p o r t e d  k n o w l e d g e  of herbal use, p r o v i d e s  s t r o n g  s u p p o r t  f o r  

t h e  p o s s i b i l i t y  raised e a r l i e n  of a n  a s s o c i a t i o n  between the 



i d e o l  o 9 i c a l l . y  i m p o r t a a  t g r e e n - c o l o r e d  s t o n e  a n d  h e r b  mashing, a.t 

l e a s t  i n  t h e  Hapa a r e a ,  

Qrchaee3.0qigaA Ehs&&ilit~ 02 && Sfstem&s c o n t e x t  z?lgqested be 

S a n  YaZeo Data - ---- ---- 
A l t h o u g h  f u n c t i o n a l  and  s o c i a l  c o n s t r a i n t s  are ref a t e d  t o  

t h e  d i s t r i b u t i o n  o f  g r i n d i n g  s t o n e s  i n  t h e . c u f t u r a l  c o n t e x t ,  the 

q u e s t i o n s  r e m a i n ,  first, t o  what  e x t e n t  t h i s  p a t t e r n i n g  would  b e  

~ a i n t a i n e d  i n  t h e  a r c h a e o i o g i c a l  r e c o r d ,  a n d  s e c o n d ,  t o  what 

e x t e n t  i t  would  b e  r e c o g n i z e d ,  The  l a t t e r  is p r i m a r i l y  a 

s a m p l i n g  problefa,  F o r  e x a m p l e ,  where t h e  location o f  g r i n d i n g  

s t o n e s  ir? Sara 3 a t e o  seemed t o  b e  d e t e r m i n e d  p r i m a r i l y  b y  

c o n v e n i e n c e  of '  use t h e  focus o n  the h o u s e h o l d  a s  t h e  sampling 

unit r e s u l t e d  i n  c e r t a i n  s p e c i a l  u s e  g r i n d i n g  s t o n e s  b e i n g  

u n d e r r e p r e s e n t e d  i n  the ldaterial i n r r e a t o r y ,  I3t p a r t i c u l a r ,  

c l o t h e s  wash ing  stones a n d  h e r b  mash ing  stones were o f t e n  n o t  

a s s o c i a  tea with s t r u c t u r e s  and t h e i r  surrounding c o ~ t p o u n d s  a n d  

were therefore n o t  r e c o r d e d ,  The effect  of s i ~ i l a r  b i a s e s  in 

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

It is  r e a s o n a b l e  t o  e x p e c t  some a l t e r a t i o n  of the 

d i s t r i b u t i o n a l  p a t  t e r n s  i n  t h e  deve lopment  of the a r c h a e o l o g i c a l  

c o n t e x t  f r o m  t h e  c u l t u r a l  sys ten t ,  F o r  example ,  given t h e  h i g h  

v a l u e - - b o t h  f u n c t i o n a l  a n d  economic--of t h e  maize g r i n d i n g  

vesicular b a s a f t  m e t a t e s ,  i t  s e e s  u n l i k e l y  t h e y  would be 

a b a n d o n e d  w i t h  a h o u s e  o r  site, T h e  s t o r a g e  oE t w o  metates b y  a 

W O B ~ I ~   hose f r i e n d  was away a t  the f i n c a  would  l e n d  c r e d e n c e  to 

s u c h  an e x p e c t a t i o n ,  a l t h o u g h  t h e  # m a n  a t  t h e  f i n c a  h a d  o n l y  
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t e m p o r a r i l y  abandoned  h e r  h o u s e ,  a n d  h e r  t r e a t m e n t  o f  t h e  

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

e x p e c t a t i o n  of h e r  return, T h e  v a l u e  o f  ~ e t a t e s  a i g h t  a l s o  be  

e x p e c t e d  t o  a f f e c t  t h e i r  t r e a t n e n t  when b r o k e n  o r  damaged, with 

t h e  p o s s i b i l i t y  t h a Z  useable f r a g n a e n t s  would b e  r e u s e d  for o t h e r  

p u r p o s e s  a n d  d i s c a r d e d  fa s i t u  a t  t h e  tirae o f  abandonment,  I t  

is  t r u e  t h a t  when a metate b r e a k s  large f r a g m e n t s  may b e  k e p t  

f o r  s p e c i a l  p u r p o s e  uses ,  Smit-2ler f fagrfients ,  however* were 

g e n e r a l l y  d i s c a r d e d  i n  a n e a r b y  dump, a n d  l a r g e  f r a g m e n t s  were 

n o t  common, O n l y  f i v e  o f  t h e  b a s a l t  meta tes i n v e a t o r i e a  were 

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

g r i n d  s a l t ,  O f  t h e  n e t a t e s  u s e d  t o  g r i n d  rnaize o n l y  o n e  was 

damaged, with a l e g  m i s s i n g .  T h i s  was i n  a  h o u s e h o i a  w h i c h  a l s o  

had a large  b a s a l t  f r a g m e n t  for s ~ e c i a l  use- 

c o n s t r a i n t  which most  closely i n f l u e n c e s  t h e  l o c a t i o n  of 

g r i n d i n g  s t o n e s  is f u n c t i o n ,  T h o s e  s t o n e s  u s e d  fo r  f o o d  

p r e p a r a t i o n  a re  f o u n d  in t h e  house, w h i l e  g r i n d i n g  s t o n e s  f o r  , 

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

T h i s  may seem o b v i o u s ,  a n d  i n  fact h a s  b e e n  a n  i m p l i c i t  

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

T h e  c o n s t r a i n t s  in•’ l u e n c i a g  the f r e q u e n c y  o f  g r i n d i n g  

s t o n e s  sGea t o  v a r y  d e p e n d i n g  o n  tha l e v e l  o f  a n a l y s i s ,  

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

l e v e l  of  a n a l y s i s ,  with t h e  p r e p o n d e r a n c e  of rnaize g r i n d i n g  



metates r e f l e c t i n g  t h e  i q o r t a n c e  of maize g r i n d i n g  i n  t h e  

s u b s i s t a n c e  ecnnoia y  c o m p a r e d  to  o t h e r  g r i n d i n g  functions, On 

the o t h e r  hand ,  s o c i a l  c o n s t r a i n t s ,  i n c l u d i n g  h o u s e h o l d  

residence p a t t e r n s  a n d  i d e o l o g i c a  l a s s o c i a t i o n s  appea r  t o  b e  

mcst i m p o r t a n t  a t  t h e  h o u s e h o l d  l e v e l  of a n a l y s i s ,  ~ e r h a p s  

r e f f e c t i r t g  t h e  s o c i a l  n a t u r e  of the h o u s e h o l d  unit, E x t e n d e d  

family h a n s e h o i d s  were most  l i k e l y  t o  h a v e  two o r  more  maize  

g r i n d i n g  nae ta tes ,  and were a l s o  most l i k e l y  t o  h a v e  s p e c i a l  

p u r p o s e  g r i n d i n g  stones, I n  a d d i t i o n ,  t h e  p r e s e n c e  of h e r b  

m a s h i n g  s t o n e s  o r  i a o r t a r s  a p p e a r s  t o  h e  related i n  p a r t  t o  

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

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

t o  t h e  c u l t u r a l  sys ter t l  i s  e x t r e m e l y  Z i ~ i t e d ,  Bo th  t h e  d i s c a r d  

of b r o k e n  reetates and the s t o r a g e  ( o r  c a c h i n g )  of w e t a t e s  d u r i s g  

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

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

d i s t o r t  i o n  i n  the t r a n s • ’  o r m a t i o n  p r o c e s s ,  

C o i q a r a b l e  d a t a  i n  t h e  e t h n o g r a p h i c  literature c o n c e r n i n g  

t h e  l o c a t i o n  a n d  number o f  g r i n d i n g  s t o n e s  are e x t r e m e 1  y s p a r s e .  

T h e r e  i s  some i n d i c a t i o n  t h a t  maize grinding ~ e t a t e s  a r e  not 

r e s t r i c t e d  t o  t h e  inside o f  t h e  house b u t  may occur i n  t h e  

Wisdom 19PO: f a c i n g  8 8 ) .  In e i t h e r  s i t u a t i o n ,  however,  t h e  

s t o n e s  used f o r  g r i n d i n g  f o o d  are  l o c a t e d  i n  p r o x i ~ i t y  t o  t h e  

house, 



Given the g e n e r a l  lack of  r e c o g n i t i o n  of  v a r i a t i o n  i n  

g r i n d i f a g  s t o n e  f u n c t i o n s ,  it is h a r d l y  s u r p r i s i n g  t h a t  no 

n e n t i o n  is made of a l t e r n a t e  loca t i o n s  f o r  s p e c i a l  p u r p o s e  

g r i n d i n g  s t o n e s ,  T h e r e  is  s o m e  p h o t o g r a p h i c  e v i d e n c e  t h a t  

w a s h i n g  s t o n e s  t e n d  t c  b e  associaked w i t h  streatas o r  o the r  water 

s o u r c e s  (Hash  1969:40; Tax E H i n s h a w  1965:7Y-751, I n  

A g u a c a t e n a n g o  c l o t h e s  were washed a k n e a r b y  s t r eam o r  i n  the 

l a k e ,  a l t h o u g h  wooden w a s h i n g  t u b s  were u s e d  i n  place of w a s h i n g  

stones (Deaf: p e r s ,  coma, 1, As n o t e d  earlier,  t h e  associa t i o n  

of w a s h i n g  s t o n e s - o r  boa rds - - and  sources of s a t e r  is t o  b e  

e x p e c t e d .  It d o e s  r e i n f o r c e  t h e  s u g g e s t i o n ,  h o w e v e r ,  t h a t  

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

a s s e m b l a g e s  a s  i n  the e t h n o g r a p h i c  mcord* S i n c e  h e r b  m a s h i n g  

s t o n e s  t e n d  also t o  be  l o c a t e d  near a water s o u r c e  i n  S a n  Bateo ,  

t h e i r  p r e s e n c e  i n  a r c h a e o l o g i c a l  a s s e m k l a g e s  Bay be  e q u a l l y  

underrepresen ted ,  A g o s s i b l e  exception ~ i g b t  be  the g r e e n  

~ e t a t e  a t  S e i b a f  ( T o u r t e l o t  l 97OtGl2 ) ,  

C o m p a r a t i v e  da ta  c o n c e r n i n g  the r e l a t i o n s h i p  between t h e  

nulnber  o f  g r i n d i n g  s t o n e s  a n d  ho rasebo ld  r e s i d e n c e  p a t t e r n s  is 

a v a i l a b l e  f r o n  A g u a c a t e n a n g o ,  As i n  5an i l a t e o ,  t h e  i t ledian 

n u ~ b e r  of m e t a t e s  p e r  h o u s e h o l d  was two, U n l i k e  Saa Hateo, over 

h a l f  the households i n  A g u a c a t e n a n g o  owned two metates, 

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

between n u m b e r  o f  ntetaites a n d  h o u s e h o l d  r e s i d e n c e  t y p e  was not 

significant ( T a b l e  8 ) -  T h e r e  is  solge p o s s i b i l i t y  t h a t  t h i s  may 

be a r e f l e c t i o n  o f  a c h a n g e  i n  t h e  f u x t i o n  of t h e  e x t e n d e d  



i t h e  p r o r ~ o s t i o n  of e x t e n d e d  v e r s u s  n u c l e a r  f a m i l y  h s u s e h o f d s  fo r  
f 

5ae Rateo and A g u a c a t e n a n g o ,  there a r e  some differences i n  the 

c o m p o s i t i o n  of t h e  e x t e n d e d  f an i iEy  h c u s e h o f d ,  In San Pfateo a l l  

e x t e n d e d  f ami l i e s  were composed of a c o u p l e  (or  t h e  s u r v i v i n g  

widow) ,  t h e i r  married a d u l t  c h i l d r e n ,  a n d  of k s p r i n g -  I n  

a g u a c a l e n a n g o  s e v e n  of the e x t e n d e d  fatail-ies i n c l u d e d  a divorced 

d a u g h t e r  w i t h  h e r  c h i l d r e n ,  Ia cther words, there may be  a 

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

be more a n  e c o n o m i c  c m v e n i e n c e .  f o r  i n d i v i d u a l  members r a t h e r  

t h a n  a c o h e s i v e  socioeconomic g r o u p ,  

I n  t h e  A m r i c a n  S o u t h w e s t  klartin ( l 932 ;  57) has u s e d  c h a n g e  

i n  t h e  number  of g r i n d i u g  stones per h o u s e h o l d ,  along with  

s e v e r a l  o t h e r  c h a n g e s *  t o  suggest change i n  s o c i a l  o r g a n i z a t i o n ,  

U s i n g  the h i s t o s i c  & a t t e r n  as a a o d e l ,  he  a r g u e s  that a set  of 

t h r e e  g r i n d i n g  s t o n e s  i n  a single r o o @  represents a s i n g l e  

f a m i l y  h o u s e h o l d .  When the n u m b e r  of g r i n d i n g  s t o n a s  pel: room 

i s  greatee than three, he a s s u m s  i t  reffects a n  a g g r e g a t i o r n  of 

f a a l l i e s  s h a r i n g  t h e  same residence, U n f o r t u n a t e l y ,  t h e  single 

f a n i f y  of &he h i s t o r i c  p e r i o d  on which Hartin's  # o d e 1  i s  b a s e d  

is gene-ral ly  a n  e x t e n d e d  f a ~ i l y ,  not a n o c l e a r  f a m i l y  (Eggan 

1950:29, 146, 188, 232, 262; g i n d e l e f f  189 1 ~ 2 1 2 ;  W i n s h i p  

1&396:522), W h a t e v e r  t h e  reasons f o r  the c h a n g e  i n  nurrtber of 

g r i n d i n g  s t o n e s  i t  is n o t  related t o  a shift f soia n u c l e a r  t o  

e x t e n d e d  famif ies, f n s h o r t ,  f a m i l y  r e s i d e n c e  pa  teernrs iaa y w e l l  

be r e l a t e d  t o  t h e  frequency of y r i n d i a j  stones p e r  h o u s e h o l d ,  as 



suggest t h a t  this relationship may b e  influenced by o t h e r  

f ac tors ,  

One oE t h e  f a c t o r s  which may affect t h e  r e l a t i o n s h i p  

b e t w e e n  f a m i l y  r e s i d e n c e  a n d  t h e  number of grinding stones is 

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

f u n c t i o n  of  t h e  e x t e n d e d  f a m i l y .  As h a s  a l r e a d y  been n o t e d ,  one 

of the effects  of e x t e n d e d  farx;iiy o r g a n i z a t i o r a  i n  San R a t e o  was 

a n  i n c r e a s e  i n  t h e  cpticrrts in s c f t e d u l i n g  time and a c t i v i t i e s  of 

i n d i v i c l u a l  raeabers ,  s p e c i f i c a l l y  of wonen e n g a g e d  i n  m a i z e  

g r i r a d i n g ,  F o r  it r e l a t i v e l y  i s o l a  tea, s e l f - d e p e n d e n t  cornmuniey 

such a s  S a n  Hat-, t h i s  low o r d e r  of  s p e c i a l i z a t i o n  Ray a3.lou 

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

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

a l t e r n a t i v e  e x p l a n a t i o n ,  t h a t  g r e a t e r  e c o n a m i c  r e s o u r c e s  are 

a v a i l a b l e  t o  t h e  e x t e n d e d  f a m i l y ,  d o e s  n o t  h o l d  f o r  5 a n  d a t e o ,  

where n e i t h e r  wealth n o r  i n c o m e  are r e l a t e d  t o  f a t a i l y  r e s i d e n c e ,  

In c o n t r a s t  t o  San  Mateo, A g u a c a t e a a n g o  i s  much more 

i n t e g r a t e d  i n t o  a r e g i o n a l  e c o n o a i c  sys tere t t ,  a s  w i l l  b e  discussed 

more E u l f y  i n  t h e  dcflorwing chapter, One p o s s i b l e  c o n s e q u e n c e  

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

d i v ~ r c e d  women and t h e i r  c h i l d r e n  a s  p a r t  o f  s e v e r a l  extended 

f a g t i l y  h o u s e h o l d s ,  A n o t h e r  c o n s e q u e n c e  is t h a t  e a s e  o f  access 

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

i n c r e a s e d ,  T h i s  i n c r e a s e d  ease of  access a l t a o s t  c e r t a i n l y  

o v e r r i ( 1 e s  a n y  b e n e f i t s  o f  time a n d  e n e r g y  v h i c h  ni ight  be 



a f f o r d e d  by Lou- l e v e l  s p e c i a l i z a t i o n  r i t i  t h i n  a n  e x t e n d e d  f a m i l y *  

E t h n o g r a p h i c  e v i d e n c e  t h a t  metates i n  g o o d  c o n d i t i o n  might  

be renoved from a h o u s e  o r  s i t e  a t  a b a c d o n m e n t  d o e s  e x i s t ,  

a l t h o u g h  it, toe,  i s  e x t r e m e l y  sparse, L a n g e  and R f d b e r g  

(3972: 430) record the s e l l i n g  of a taano a n d  metate by  a  widow 

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

Costa Rica, A a g l e y  f1340:30) notes t h a t  families i n  t h e  

G u a t e r n a f a n  H i g h l a n d s  g o i n g  t o  work  o n  t h e  f i n c a s  f o r  a s e a s o n  

took t h e i r  g r i n d i n g  s t o n e s  w i t h  them, T h i s  is i n  c o n t r a s t  t o  

less s e d e n t a r y  g r o u p s  who left t h e i r  g r i n d i n g  s t o n e s  at t h e  s i t e  

w h e r e  they were u s e d ,  a w a i t i n g  t h e  s u b s e q u e n t  r e t u r n  of t h a t  

g r o u p  [ G o u i d  1980: 26; R r a y b i l l  lW7:U9l ) .  T h i s  is r a t h e r  l i k e  

t h e  San f l a t e o  woman who s t o r e d  h e r  metates w i t h  a f r i e n d  u n t i l  

her e v e n t u a l  r e t u r n ,  

A r c h a e o l o g i c a l  d a t a  c o n c e r n i n g  g r i n d i n g  s t o a - e s ,  as  a l r e a d y  

n o t e d ,  are  p r o b I . e ~ a t i c a l ,  d u e  b o t h  t o  i n a d e q u a t e  r e p o s t i n g  

( L o n g y e a r  7952: 105) a n d  t o  biased. s a m p l i n g  { K i d d e r  l947:2) ,  

Even  so  t h e r e  i s  s o m e  v a r i a t i c n  i n  t h e  a r c h a e o l o g i c a l  r e c o r d ,  

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

r e c o r d ,  F l a n f r e r y  a n d  V i n t e r  (1976: 37) n o t e  t h a t  i n  F o r m a t i v e  

v i l i a g e s  of D a x a c a  Every h o u s e h o l d  group had f r a g m e n t s  of 

g r i n d i n g  s t o n e s ,  b u t  o n l y  two c o r r t p l e t e  manos and wetates were 

found, 90th of t h e s e  were f o u n d  i n  o r  next  t o  a small 

b e l l - s h a p e d  p i t  w h i c h  c o n t a i n e d  a n u ~ b e r  of o t h e r  a r t i f a c t s ,  

B o r h e g y i  {1965:8-9) a l s o  m e n t i o n s  t h e  f a c t  t h a t  manos  a n d  

" metates a r e  f o u n d  i n  s t o r a g e  p i t s  f o r  t h e  E a r l y  F o r m a t i v e  in the 



Guatemalan  Highlands ,  A t  l e a s t  o n e  mano and Betake  aere found  

i n  a L a t e  F o r m a t i v e  hous~mound  a t  Uaxac tun  (Coe 1959: 351, while 

i n  the B e l i z e  Valley f r a g m e n t s  of manos and  B e t a t e s  were f o u n d  

i n  n e a r l y  a l l  e x c a v a t e d  housemounds from t h e  P o r ~ a t i v e  an, 

either a s  fill c r  a s  f l o o r  d e b r i s  f ~ i l l e y  e t  a1 1965:t152-4531, 

T u r n i n g  t o  the Southwes t  t h e r e  i s  some e v i d e n c e  that during late 

prehistoric periods g r i n d i n g  s l a b s  were s o a i e t i a e s  d e l i b e r a t e l y  

r e t r i e v e d  frorn meal ing  bins r a t h e r  t h a n  b e i n g  abainaoneil 

f 3 a r t l e  tt 1933224-25) Evidence  fo r  s i n i l i a r  t r e a t r a e n t  d o e s  n o t  

o c c u r  f o r  e a r l i e r  pea iods ,  H a r t i n  (t972:56) a l s o  n o t e s  a  

g e n e r a l  d e c l i n e  o v e r  time in t h e  t o t a l  nuraber o f  g r i n d i n g  s t o n e s  

p e r  site, i r r e s p e c t i v e  of --or e v e n  i n  i n v e r s e  r e l a t i o n  to-- t h e  

number o f  househoPds,  

Although ~ X E  data  a r e  e x t r e m e l y  s p a r s e ,  they d o  s u g g e s t  

t h a  t constraints a f f e c t i n g  t r e a t m e n t  of g r i n d i n g  s t o n e s  a t  t h e  

tirae a  s i t e  is abandoned may v a r y  w i t h  the econonaic a n d  c u l t u r a l  

c o n t e x t ,  f n  p a r t i c a l a x ,  e c o n o ~ i c  i m p o r t a n c e  of t h e  g r i a d i n g  

s t o n e ,  expectations r e g a r d i n g  f u t u r e  use of t h e  s i te ,  and  t h e  

e x t e n t  of s e d e n t i s m  o f  t h e  s o c i a l  g r o a p  Bay a l l  a f f e c t  t h e  

a r c h a e o l o g i c a l  v i s i b i l i t y  o f  g r i n d i n g  s tones .  For exaraple, 

i n c r e a s e d  economic i m p o r t a n c e  o f  t h e  g r i n d i n g  s t o n e  m y  restrict 

its a r c h a e o l o g i c a l  v i s i b i l i t y ,  w h i l e  a s u b s i s t e n c e  econonay based  

on a  s e a s o n a l  round  Bay i n c r e a s e  the a r c h a e o l o g i c a l  v i s i b i l i t y  

of g r i n d i n g  s t o n e s ,  T h e  pit s t c r a g e  of manos and metates during 

the For l aa t ive  of Resoanter ica  may reflect t h e  t r a n s i t i o n  from 

their growing importance d u r i n g  a time when villages were still 



o n l y  o c c u p i e d  a n  a s e m i - p e r m a n e n t  bas i s -  

D i s c u s s i n n  of  c o n s t r a i n t s  pn ah L o c a t i o n  2nd M u ~ b e r  of Ggindiaq -------__ __ ----I_- 

S t o n e s  ---- 
The d e c i s i a n  t c  l o o k  a t  % h e  c o n s t r a i n t s  i n f f u e n c i n g  s p a t i a l  

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

t h a t  such d a t a  are a m a j o r  s o u c c e  o f  a r c h a e o f o g i c a h  

i n t e r p r e t a t i o n ,  T h e r e  was some i n d i c a t i o n  froa San Rateo t h a t  

f u a c t i o n a  l c o n s t r a  inks i n f l u e n c e d  loeatiolcn o f  g r i n d i n g  s t o n e s ,  

a s  gel1 a s  t h e  r e l a t i v e  p r o p o r t i o n  o f  d i f f e r e n t  t y p e s  of  

g r i n d i n g  s t o n e s  f o r  t h e  v i l l a g e  a s  a who le ,  Social c o n s t r a i n t s  

a p p e a r e d  t o  h a v e  more effect a t  t h e  h o u s e h o l d  l e v e l ,  w i t h  f a a i l y  

r e s i d e n c e  p a t t e f n s  r e l a t ed  t o  b o t h  t h e  nunber o f  maize g r i n d i n g  

fa t s t a tes  a n d  t h e  p r e s e n c e  of spec ia l  p u r p o s e  g r i n d i n g  s t o n e s ,  

C o i u ~ a r i s o n  w i t h  t h e  s p a r s e  d a t a  from o t h e r  s o u r c e s  s u g g e s t s  t h a t  

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

l c c a t i o n  o f  g r i n d i n g  s t o n e s ,  S u t  an11 i n  a ra ther  g e n e r a l  

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

number o f  g r i n d i n g  s t o n e s  was e v e n  less c o n s i s t e n t *  Pn o t h e r  

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

s t o n e s  i n  t h e  c u l t u r a l .  c o n t e x t  a r e  a s  y e t  r e l a t i v e l y  nnknown, 

F u r t h e r m o r e ,  t h e  manner i n  which t h i s  d i s t r i b u t i o n  is 

t r a n s f o r w e d  t o  a n  a r c h a e o l o g i c a l  context  may v a r y  d e p e n d i n g  on a 

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

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

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

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

96 



c u i t u r a  l. c o n t e x t  are  e x t r e m e l y  l i m i  t e a ,  some p o i n t s  d e s e r v e  

f u s t h e r  comment, F i r s t ,  more  a t t e n t i o n  n e e d s  t o  be given t o  

c o n s t r a i n t s  a f f e c t i n g  d i s t r i b u k i o n  i n  the c u l t u r a l  c o n t e x t ,  how 

i t  v a r i e s ,  and u n d e r  what c o n i l i t i o a s ,  S e c o n d ,  t h e  

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

may a l s o  v a r y  from o n e  c u l t u r a l  s y s t e m  t o  a n o t h e r *  

U n d e r s t a n d i n g  i s  n e e d e d  n o t  oaiy o f  c o n d i t i o n s  r e l a t e d  t o  

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

r e l a t e d  t o  s a r i a t  i o n  i n  s t o r a g e ,  c a c h i n g ,  and transports t i o n  of 

u s e a b f e  a r t i f a c t s ,  F i n a l l y ,  i t  s h o u l d  be a p p a r e n t  t h a t  the 

c o n s t r a i n t s  i n f l u e n c i n g  the d i s t r i b u t i o n  o f  g r i n d i n g  s t o n e s  i n  

the a r c h a e o l o g i a l  r e c o f d  are a t  l e a s t  a s  confplex as  t h o s e  

in•’ l u e n c i n g  t h e  f o r m  a n d  & a t e r i a l  of t h e  s a m  g r i n d i n g  s t o n e s ,  

Roweves the a t  triksu tes r e s u l t i n g  from t h e  l a  Zter c o z a s t r a i n t s  

u n d e r g o  2 ewer d i s t o r t i o n s  i n  t h e  t r a a s f  o r w a t i o n  of t h e  c u l t u r a l  

c o n t e x t  t o  t h e  a r c h a e o l o g i c a l  c o n t e x t  s o  t h a t  t h e  unders tand ing  

t o  these c o n s t r a i n t s  may u l t i m a t e l y  p r o v i d e  a more  secure 

int espret ive  data base,  



T h e  i n f l u e n c e  of v a r i o u s  c o n s t r a i n t s  on material s e l e c t i o n ,  

fo rm,  and  d i s t r i t j o t i o n  of g r i n d i n g  s t o n e s  can he d e n o n s t r a t e d  

f o r  San  E a t e o ,  and t o  some e x t e n t  % o r  Bgu.a@atenango- I n  order 

t o  a p p l y  t h e  i n f e r e n c e s  o r  c o n c l u s i o n s  frore t h i s  a n a l y s i s  o f  

nodern e t  h o n o y r a p h i c  d a t a  t o  a r c h a e o l o g i c a l  &ate rial, however ,  

t h e  irnpact of a o d e f n  j i ,e , ,  E u r o p e a n )  t e c h n o l o g y  a n d  its e f f e c t s  

~ t l v s t  be  ons side red, A S  was p i r a t e 4  o u t  i n  t h e  beg i fan ing  naodern 

grinding t e c h n o l o g y  is p r e s e n t  i n  b o t h  San 3ateo and 

~ g u a c a t e n a n g o .  T h e  p r o b l e a s  t o  b e  d e a l t  w i t h  i n  this s e c t i o n  

i n c l u d e  t h e  extent t h a t  a o d e r n  t e c h n o l o g y  h a s  modif  i e d  t h e  

t r a ' l i t i o n a l  t f e a t n e n t  a n d  u s e  o f  g r i n d i n g  s t o n e s ,  and  i n  wha t  
L 

ways. The q u e s t i o n  of modern i n f  h e n c e ,  l i k e  t h a t  o f  

d i s t r i b u t i o n ,  i s  n o t ,  s t r ic t ly  s p e a k i n g ,  w i t h i n  the f ramework  o f  

d e s i g n  t h e o r y -  In o r d e r  to maintain consistency, however, i t  

w i l l  be  a p p r o a c h e d  w i t h i n  t h e  same s t r n c t u r e  o f  f u n c t i o n a l ,  

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

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

ntaize g r i n d i n g  implements, T h e  c o i u p a r a t i v e  s e c t i o n  w i l l  focus 

o n  t h e  d i f f e r e n c e s  b e t w e e n  San Bateo and  Aguaca tenango ,  and the 

fact t h a t  i n  A g u a c a t e n a n g o  t h e  e n t i r e  g r i n d i n g  t e c h n o l o g y  is 

attenuated cornpared to S a n  Bateo, 



F u n c t i o c a l  C o n s t r a i n t s  gsgesisa gglp Data --------- ----I_--- 

9n a d d i t i o n  t o  using rne ta tes ,  aost o f  t h e  women of S a n  

Ratfo a l s o  made r e g u l a r  use of  the motor -d r iven  ~tills, These 

h a v e  a  nurnber o f  v i r t u e s ,  t h e  p r i m a r y  o n e  b e i n g  t h a t  t h e y  r e d u c e  

t h e  a ~ o a n t  of t i ~ e  r e q u i r e d  to g r i n d  t h e  cooked  maize from 

t h r e e - t o - f o u r  h o u r s  pez: day to a b o u t  half-an-hour  p e r  day  (Table 

41, F o r  users t h e y  a l s o  d o  n o t  r e q u i r e  a i y  i n i t i a l  c a p i t a l  

expenditure, and t h e y  have a potentially i n f i n i t e  use-life, On 

t h e  n e g a t i v e  s i d e ,  t h e y  r e q u i r e  a  d a i l y  f l og  of p t t y  cash of 

US$,05 p e r  day, A t  the encl of a y e a r ,  t h i s  a a o u n t s  t o  US$18,50, 

- Another  p o s s i b l e  a l t e r n a t i v e  f o r  g r i n d i n g  a a i z e  is t h e  

hand-cranked  metal c o r n g r i n d e r ,  E i g h t e e n  o f  t h e  h o u s e h o l d s  

i n ' s e n t o s i e d  i n  s an  14ateo had metal c o r n g r i n d e r s ,  a l t h o u g h  they 

were b e i n g  used  i n  o n l y  ten households, I n  s i x  of t h e  r e m a i n i n g  

households t h e  c o s n g r i a d e r s  were broken and  n o t  r e p l a c e d ,  and  in 

t h e  o t h e r  two they orere simply set a s i d e  and n o t  used, Even fox 

t h e  t e n  t h a t  were i n  use ,  t h e r e  i s  s o w  q u e s t i o n  of t h e  

c o n s i s t e n c y  of t h e i r  use ,  This has p r o b a b l y  biased u s e - l i f e  

estimates, which a t  s i x - t o - s e v e n  y e a r s  seem too  h igh ,  " T h e  cost 

of p u r c h a s i n g  a  m e t a l  c o r n g r i n d e r :  was U S R I " 1  00, w h i c h  is n e a r l y  

equivalent t o  t h e  USS20.00 c o s t  of a  metate, Like  t h e  

mo to r -d r iven  m i l l ,  t h e  a e t a l  c o r n g r i n d e r  reduces t h e  amount o f  

g r i n d i n g  t h e  r e q u i r e d  to  do t h e  g r i n d i n g ,  F u c t h e r n o r e ,  e v e n  

w i t h  a  u s e - l i f e  of two- to - th ree  y e a r s  i t  is  s u b s t a n t i a l l y  

c h e a p e r  i n  t h e  long run, T h e  ma jo r  drawback is t h e  i n i t i a l  

p u r c h a s e  p r i c e ,  



In v i e w  of t h e  a b o v e  use of t h e  a o t o r - d r i v e n  m i l l  in 

c o m b i n a t i o n  w i t h  t h e  b a s a l t  n e t a t e  wouid a p p e a s  to  b e  

p a r t i c u l a r l y  vneconoot ic  befiav-iorl T h e  c o r n b i n a t i o n  i n c u ~ s  b o t h  a 

ma jar i n i t i a l  e x p e n s e  p l u s  on-going e x p e n s e s ,  D i s c u s s i o n  w i t h  

t h e  owner  of the l o c a l  i n n  s u g g e s t e d  however ,  t h a t  l o c a l  

b e h a v i o r  is more l o g i c a l  t h a n  it seems, She must  pay  h i r e d  h e l p  

t o  g e t  h e r  i aa ize  grcund,  so s h e  is i n  a p b s i t i o n  t o  e v a l u a k e  t h e  

r e l a t i v e  time costs of d i f f e r e n t  gr ind ing  methods in  m o n e t a r y  

terirts, S h e  f o u n d  & h a %  i t  was c h e a p e r  f o r  h e r  t o  p a t r o n i z e  the 

o a o t o r - d r i v e n  @ill r a t h e r  t h a n  use a m e t a l  c o r n g r i n d e r ,  I n  o t h e r  

words, t h e r e  i s  a s a v i n g s  of: time u s i n g  t h e  a t o t o f - d r i v e n  w i l l  

c o m p a r e d  t o  t h e  hand-cranked corngxinder s u f f i c i e n t  t o  

c o m p e n s a t e  for t h e  i n c r e a s e d  costs, T h e  f i n a l  g r i n a i n g  o f  rnaize 

o n  a  s t o n e  ~ e t a t e  i n s u m s  t h a t  i t  w i l l  b e  s u f f i c i e n t l y  f i n e  t o  

make a c c e p t a b l e  t o a t i l l a s ,  A n o t h e r  woman who owned a a e t a l  

corngrinder s t a t e d  t h a t  s h e  p r e f e r r e d  t h e  ~ t t o t o r - d r i v e n  a i l 1  

b e c a u s e  it was easier, b u t  used h e r  c o r n g r i n d e r  when s h e  d i d  n o t  

h a v e  t h e  n e c e s s a r y  f i v e  c e n t s ,  

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

v a r i o o s  g r i n d i n g  i n ~ l e e n e n t z  Bay b e  summar ized  a s  f o l l o w s ,  

Aetates give t h e  finest aaeal, i m p o r t a n t  B e c a u s e  it  is used t o  

b a k e  t o r t i l l a s ,  B e t a t e s  have  a long u s e - f i f e ,  and  are  a l w a y s  

a v a i l a b l e  w h e t h e r  o r  not t h e r e  i s  c a s h  on hand, Bovever, t h e y  

do  r e q u i r e  a s u b s t a n t i a l  i n i t i a l  i n v e s t m e n t ,  a n d  - t h e i r  u s e  is 

tilae c o n s u m i n g  a n d  l a b o r i o u s , .  T h e  m o t o r - d r i v e n   ills are  E a s t  

a n d  e a s y ,  d o  n o t  r e q u i r e  a n y  i r i i t i a l  i n v e s t ~ e n t  o r  m a i n t e n a n c e ,  



a n d  do n o t  n e e d  r e p l a c i n g ,  They are, Qa t h e  o t h e r  hand ,  t h e  

lrrost e x p e n s i v e  to u3e i n  the l o n g  r u n ,  r e q u i r e  a c o n s t a n t  s u p p l y  

sf s m a l l  c a s h ,  a n d  d o  n o t  g i v e  a s u f f i c i e n t l y  fine grind t o  t h e  

meal, T h e  lnetdl c o f n g r i n d e r s  are  fas te r  t o  u s e  t h a n  t h e  

metates, a n d  do n o t  r e q u i r e  a  d a i l y  c a s h  s u p p l y ,  T h e y  d o  

require moxe time a n d  energy t h a n  e h e  m o t o r - d r i v e n  g i l l s ,  a 

m a j o r  i n i t i a l  i n v e s t m e n t ,  and r e l a t i v e l y  'f requs?nt r e p a i r  a n d / o r  

r e p l a c e n e n t ,  T h e y  a l s o  d o  no% g i v e  a s u f f i c i e n t l y  f i n e  grind t o  

t h e  meal, On b a l a n c e ,  t h e  c o l r t b i n a t i o n  of  m e t a t e  and 

m t o r - d r i v e n  @ i f 1  is uneconola ic  o n l y  i n  m o n e t a r y  terlrrs (Table 

10) -  I n  e v e r y  o t h e f  respect i t  would appear  t o  b e  t h e  i d e a l  

corn b i n a t i o n ,  

There are o b v i o u s l y  mjor d i f f e r e n c e s  i n  the t e c h n o l o g i c a l  

c o n s t r a i n t s  o n  the p r o d u c t i o n  of g r i n d i n g  s t o n e s  0 5  w h a t e v e r  

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

r e p l a c e l r r e n t s ,  F o r  t h e  p e o p l e  of S a n  H a t e o ,  however, t h e  

c r i t i c a l  c o n s t  f a i n t  w a u l d  a p p e a r  to  be a c c e s s i b i l i t y ,  s i n c e  none 

are t a a n u f a c t u r e d  l o c a l l y ,  A c c e s s i b i l i t y  a n d  a c c e p t a n c e  of 

i n d u s t r i a l  r e p l a c e g l e n t s  seems t o  k e  r e l a t e d  t o  c o n s t r u c t i o n  of 

t h e  road s i n c e  n e i t h e r  laetal c o r n g r i n d e r s  n o r  rrto t o r - d r i v e n  sills 

were p r e s e n t  u n t i l  a f t e r  i ts  c o n s t r u c t i o n ,  

T h e  p o t e n t i a l  i a p a c t  of t h e  r o a d  on a c c e s s  t o  a e t a t e s  was 

a l s o  c o n s i d e r e d ,  Pfior t o  the b u i l d i n g  of t h e  r o a d ,  r e s i d e n t s  

of San B a t e o  o b t a i n e d  t h e i r  maize gr ind ing  metates e i t h e r  from 

t r a v e l i n g  s a l e s m e n ,  o r  b y  c a r r y i n g  the@ o n  t h e i r  backs from a 
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A t  t r i b u t e s  Metate Hill C o r n g r i n d e r  

f i n e  g r i n d  h i g h  ( i )  low (-1 10x1 (-1 
rlse-lif e h i g h  (+) h i g h  {+) n o d e r a t e  (0) 
D a i l y  Cost low I + )  h i g h  ( - 3  low I+ 1 
Longte rm Cost low f * )  high I-) m o d e r a t e  ( 0 )  
I n i t i a l  C o s t  h i g h  I-) low (+) high 1- 1 
Labor C o s t  h i g h  I-) low {+) m o d e c a t e  (0) 

regional ~ a r k e t ,  8 2 t h  t h e  advent of t h e  r o a d ,  i t  became 

p o s s i b J . e  to  c a r r y  a newly  p u r c h a s ~ d  s e t a t e  t o  S a n  Mateo on t h e  

b u s -  T h e r e  a r e  a t  l eas t  t w o  p o s s i b l e  c o n s e q u e n c e s  of t h e  

building of t h e  road, The f i r s t  is a n  i n c r e a s e  i n  t h e  number of 

atetates,  he s e c o n d  is a n  i n c r e a s e  i n  s i z e  of t h e  ae ta tes ,  

D h i f e  the f i r s t  p o s s i b i l i t y  c a n n o t  be e v a l u a t e d  d i r e c t l y  t h e  

data from the p r e v i o u s  s e c t i o n  c o n c e r n i n g  g r i n d i n g  s t o n e  

frequency s u g g e s t  t h a t  t h e  impact, if a n y ,  was ~ i n i m a l -  It m y  

h a v e  a f f e c t e d  the number of aetates k e s t  in storage, but i s  

likely t o  h a v e  had  l i t t l e  o t h e r  e f f e c t ,  T h e  second p o s s i b l e  

i s p a c t ,  a n  i n c r e a s e  i n  s i z e ,  was e v a l u a t e d  using g r i n d i n g  

s u r f a c e  area a s  a n  a p p r o x i m a t i o n  of s i z e  a n d  v e i g h t ,  Metates , 

less  t h a n  twenty y e a r s  o f  age,  p u r c h a s e d  after c o n s t r u c t i o n  o f  

the r o a d ,  were compared with those  o v e r  t h i r t y  years o f  age, Ho 

s i g n i f i c a n t  d i f f e r e l n c e  between o l d e r  a n d  younger  lnetates was 

Eouad ( S t u d e n t t s  t=,1430, g=31, 2 3 - 0 5 ] .  Thus t h e  p r e s e n c e  af 

the road does n o t  seem t o  h a v e  had a s i g n i f i c a n t  i a p a c t  o n  

a c c e s s i b i l i t y  o f  ~ e t a t e s ,  T h e  Back of i r a p a c t  of the road on 

size of metates c o r r o b o r a t e s  t h e  c o n c l u s i o u s  reached i n  t h e  
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discussion o n  grinding s t o n e  form, t h a t ,  w i t h i n  l i m i t s ,  t h e  size 

of t h e  g r i n d i n g  s u r f a c e  area i s  determined b y  f u n c t i o n ,  

c o r n g r i n d e r  a n d  t h e  ~ o t s r - d r i v e n   ill is t h e  r e d u c t i o n  i n  t o t a l  

g r i n d i n g  t i n e  of t h e  maize, W h i l e  t h e  m o t o r - d r i v e n  m i l l  offered 

a g r e a t e r  r e d u c t i o n  in time a n d  energy spent grinding t h i s  

s h o u i d  be  most r e l e v a n t  for  those h o u s e h o L d s  i n  r e a s o n a b i e  

proximity to the center of t o w ,  a h e r e  t h e  r t l o to r -d r iven  m i l l s  

tend t o  b e  c o n c e n t r a t e d ,  For h o u s e h o l d s  f u r t h e r  away,  the time 

spent w a l k i n g  t o  a n d  from t h e  i t t i l l  w o u l d  p r e s u a a b l y  

c o u n t e r - b a l a n c h  s u c h  b e n e f i t s ,  However ,  t h e r e  was n o  

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d i s t a n c e  f r o @  t o w n  c e n t e r  f a r  all 

owners c o m p a r e d  t o  a l l  a o n - o w n e r s  ( T a b l e  11)- T h i s  is a t  feast 

p a r t l y  a reflection of the c o n r p a c t  s e t t l e m e n t  o f  San Hateo, w i t h  

f i v e - t o - s i x  m i n u t e s  b e i n g  the n e d i a n  d i s t a n c e  from town  center 

f o r  a l l  h o u s e h o l d s ,  A t  t h e  same tiane, it s h o u l d  be n o t e d  t h a t  

of the four h o u s e h o l d s  f u r t h e s t  f rm t o w n  c e n t e r  ( b e t w e e n  20 an& 

30 m i n u t e s )  three d i d  h a v e  metal c o r m a g r i n d e r s ,  I n  c t h e r  words, , 

d i s t a n c e  from t h e  t a o t o r - d r i v e n  m i l l  may be a fac tor  i n  o w n e r s h i p  

of a metal c o r n g r i n d e r  i f  t h i s  d i s t a n c e  i s  large enough, b u t  

t h i s  does  n o t  a c c o u n t  for t h e  ~ a j o r i t y  of the mtaf .  c o r n g r i n d e r s  

i n  San fiateo. 

S a v i n g s  i n  time might a l so  be a factor  f o r  e x t e n d e d  

families a n d / o r  famil ies  w i t h  s e v e r a l  a d u l t  women @ e m b e r s ,  

E s s e n t i a l l y ,  t h e  more a d u l t  woinen i n  a h o u z e h o l d ,  t h e  more 

1 03 



T e c h n o i n g i c a l  and 
Soc ia l  A t t r i b u  t e s  S t a t i s t i c  P r o b a b i i i t  y 

Time Saving:  
Distance f roa Tows C e n a t e s  Kolrtlojorov-Srairmov >, 5 0 0 0  

=- 93 65 

Family  T y p e  

Cost: 
Cash Income 

Income Source  
-Land Based  

- C r a f t  Based  

-Wage Labor 

fisherv s Exact 
P r o b a b i l i t y  

Bann-ghi t a c y  U 
= 2 5 3 . 5 0  

-Service A c t i v i t i e s  - Ham-Whitney 
=202*00 

eff i c i e n t f y  f o o d  p r e p a r a t i o n  tasks  c o u l d  be d i v i d e d ,  t h u s  

minimizing t h e  cost i n  t i ~ e  of the c o r n g r i n d e r  coapared to the 

n o t o r - d r i v e n  ~ l i l f ,  The f a c t  t h a t  ownership of number and 

sar i e t y  of g r i n d i n g  s t o n e s  is a s s o c i t e d  w i t h  househo ld  s t r u c t u r e  

would t e n d  to s u p p o r t  s u c h  arn e x p e c t a t i o n ,  However t h e r e  is no 

s i g n i f i c a n t  a s s o c i a t i . c n  o f  e i ther  nuraber of nomen or f a ~ i 3 . y  type  

and c o r n g r i n d e r  ownership for t h e  sample  a s  a whole ( T a b l e  I ? ) ,  

While t h e  metal c o r n g r i n d e r  and motor-dr iven  miff s h a r e  t h e  

a t t r i b u t e  of s a v i n g  time, they differ markedly in terms of cost 

and e f f e c t i v e  u s e - l i f  e, F o c u s i n g  o n  t h e  s u b s t a n t i a l  cash o u t l a y  



required to  p u r c h a s e  a  metal corngrinder, t h e  p o s s i b i l i t y  t h a t  

o n l y  t h o s e  f a a i d i e s  w i t h  a fairly l a r g e  c a s h  income v o u l d  be  

l i k e l y  t o  p u r c h a s e  a c o r n g r i n d e r  was c o n s i d e r e d -  T h e  r e s u l t s ,  

a g a i n ,  were n e g a t i v e  ( T a b l e  3 1 ) .  

F i n a l l y ,  t h e  r e k i t i o n s h i ~  b e t w e e n  s o u r c e  of i n c o m e  a n d  

metal c o r n g r i n d e r  o w n e r s h i p  was c o n s i d e r e d -  The r a t i o n a l e  for 

d o i n g  s o  was based on t h e  fact t h a t  t h e  choice b e t w e e n  

cor n g r i n d e r  o w n e r s h i p  a n d  use of t h e  m o t o r - d r i v e n  iaif l i n v o l v e d  

choosing b e t w e e n  s p e c i f i f  i c  sets  of c h a z a c t e r i s t i c s ,  and  t h a t  

t h e  p a r t i c u l a r  set of c h a r a c t e r i s t i c s  c h o s e n  might r e f l e c t  the 

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

w o r k f s u b s i s t a n c e  r e l a t e d  a c t i v i t i e s ,  En p a r t i c u l a r ,  it was 

e x p e c t e d  that a h i g h  income E r o a  wage l a b o r  would  b e  most likely 

t o  p r e d i s p o s e  p e o p l e  t o  a c q u i r e  metal c o r n g r i n d e r s  s i n c e  

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

a w a r e n e s s  o f  mane t a r y  v a l u e s ,  S o u r c e  of income was c a t e g o r i z e d  

a s  f o l l o w s :  

1, Land-based  i n c o m ,  p r i a a r i l y   fro^ the sa le  of p r o d u c e ;  

2, C r a f t - b a s e d  incottie, from t h e  sa fe  of c o t t a g e - i n d u s t r y  , 

p r o d u c t s  s u c h  a s  c a n d f e s ,  f i b r e - p r o d u c t s ,  I c a t h e r  wort, a n d  

c a r p e a t r y ;  

3, & a g e  l a b o r ,  p r i r a a r i l y  fro@ work o n  l o w l a n d  p l a n t a t i o n s ;  

4 ,  S e r v i c e  a c t i v i t i e s ,  s u c h  a s  owning a  s t o r e  o r  

small-scale r e s t a u r a n t ,  s e l l i n g  a f e r m e n t e d  maize i i i q o o r ,  

o r  b u t c h e r i n g ,  



C o n t r a r y  t o  e x p e c t a k i . c n ,  income f r o m  wage l a b o r  was n o t  rela.rted 

t o  c o r n g r i n d e r  ownersh ip ,  O f  t h e  f o u r  c a t e g o r i e s ,  income froan 

s e r v i c e  a c t i v i t i e s  was nost l i k e l y  t o  be re la ted t o  c o r n g r i ~ d e r  

ownership (Tabf e 1 1 ) -  A l t h o u g h  l a b e f e d  s e r v i c e  a c t i v i t i e s ,  

these m i g h t  a l s o  be c o n s i d e r e d  e n t r e p r e n e u r i a l  a c t i v i t i e s ,  w i t h  

the i n d i v i d t s a l  s e r v i n g  a s  middleman i n  t h e  o r g a n i z a t i o n  a n d  

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

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

make a significant i n i t i a l  e x p e n d i t u r e ,  S u c c e s s  i n  such 

v c ; n t u r e s  would be p a r t i c u l a r l y  d e p e n d e n t  o a  p r o d u c t  t a r n - o v e r  as 

o p p o s e d  t o  d u r a b i l i t y ,  a s  well  a s  vafuat ion of monetary g a i n ,  

These are e s s e z l t i a l l y  the same attributes a s  h i g h  p u r c h a s e  

price, s h o r t  u s e - l  i f e ,  a n d  m o n e t a r y  b e n e f i t ,  t h e  a t t r i b u t e s  of 

t h e  metal c o r n g r i n d e r -  

T h e  p r i a a a r y  i l r tpac t  o f  i rodera  t echnof  ogy on m a i z e  g r i n d i n g  

i n  San Mateo a p p e a r s  t o  be  i n  t h e  p r o v i s i o n  s f  a  s u p p l e @ e n t a s g  

r a t  h e r  t h a n  a r e p l a c e m e a t  t e c h n o l o g  y, T h e  i a p o r t a n c e  o f  nsodern 

t e c h n o f  ogy is i n  i t s  p o t e n t i a l  f o r  reducing tinte a n d  e n e r g y  

s p e n t  g r i n d i u g  maize, The fac t  t h a t  i t  d o e s  not r e p l a c e  t h e  

t r a d i t i o n a l  stone aetates  seems t o  reflect t h e  c o n t i n u e d  

i a p o r t a n c e  of f i n e l y  ground weal- T h e r e  is s o a e  s u g g e s t i o n  t h a t  

t h e  choice of s u p p l e a e a t a r y  t e c h n o l o g y  d e ~ e n d s  a t  l e a s t  

p a r t i a l l y  on t h e  e v a l u a t i o n  of a l t e r n a t i v e  a t t r i b u t e s ,  w i t h  the 

e v a l u a t i v e  c h o i c e s  to some e x t e n t  r e f l e c t i n g  the d i f f e r e n t i a l  

importance of c h a r a c t e r i s t i c s  of b e h a v i o r  i n  e c o n o m i c  
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a c t i v i t i e s ,  

The use of g o d e r n  technology to s u p p l e m e n t  m a i z e  g r i n d i n g  

metates i s  common t h r o u g h o u t  r u r a l  E e s o a m e r i c a .  Both t h e  

i m p o r t a n c e  o f  r e d u c t i o n  i n  time a n d  e n e r g y  e ~ p e n a i t u r e  a n d  

r e t e n t i o n  of a n  a p p r o p r i a t e  aeal  texture h a v e  b e e n  m e n t i o n e d  

e l s e w h e r e  ( V o g t  1969: 58, 591, A s imilar s u p p l e m e n t i n g  of 

t r a d i t i o n a l  g r i n d i n g  s t o n e s  w i t h  tae t a l  corngrinders h a s  o c c u r r e d  

i n  t h e  S o u t h w e s t ,  a s  u e l l .  There, i n  sonae i n s t a n c e s ,  a p a r t i a l  

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

d i f f e r e n t  g r a d e s  of s t o n e  t e x t u r e  f o r  t h e  grinding s l a b s ,  &he 

nzetai c o r n g r i n d e r  cculd and a p p a r e n t l y  d i d  s o ~ e t i m e s  r e p l a c e  the 

coarse t e x t u r e d  g r i n d i n g  s l a b  (Bar t le t t  1933: 1 4 ) -  T h i s  p a r t i a l  

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

rnodern t e c h n o l o g i c a f .  a l t e r n a t i v e s  t o  a c h i e $ e  a s u f f i c i e n t l y  fine 

m e a l ,  s i n c e  i t  is o n l y  t h e  coarse t e x t u r e d  s t o n e  which is 

r e p f a c e d ,  It  a l s o  u n d e r s c o r e s  the i z t p o r t a n c e  of mear texture a s  

a  d e t e r m i n a n t  of g r i n d i n g  t e c h n o l o g y ,  

W h i l e  c h o i c e  of t h e  m t o r - d r i v e n  m i l l  a s  the s u p p l e r n e n t a i  

t e c f i n o f o g y  is most c h a r a c t e r i s t i c  of S a n  Mateo, %he o p p o s i t e  i s  

t r u e  of A g u a c a t e n a n g o  w h e r e  t h e r e  is a l m s 2  t o t a l  r e l i a n c e  o n  

@et  al c o r n g r i n d e r s ,  F u r t h e m o r e ,  i n f o r m a n t s  i n  A g u a c a t e n a n g o  

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

y e a r s ,  r a ther  t h a n  -the s i x - t o - s e v e n  y e a r  estimates given i n  S a n  

a a t e o ,  T h i s  s u g g e s t s  t h a t  metal c o r n g r i n d e r s  are much m o w  

e x t e n s i v e l y  a n d  c o n s i s t e n t l y  u s e d  i n  Aguaca tenango ,  Also i n  

c o n t r a s t  with San R a t e o ,  t h e r e  was o n l y  o n e  mo-tor-driven m i l l  i n  



A g u a c a t e n a n g o ,  a n d  i t  was n o t  e x t e n s i v e l y  used, I f ,  a s  

s u g g e s t e d ,  the d i f  fefence i n  c h o i c e  of t e c h n o l o g i e s  w i t h  

c o n f l i c t i n g  a t t r i b u t e s  i s  r e l a t e d  t o  d i f f e r e n c e s  i n  economic 

a c t i v i t e s ,  then B g u a c a t e n a n g o  a n d  S a n  Matea s h o u l d  differ i n  

e c o n o m i c  a c t i v i t e s  a s  well. H h i l e  t h e r e  was no  s i g n i f i c a n t  

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

were s i g n i f i c a n t  d i f f e r e n c e s  i n  t w o  i acoree  s o u r c e s ,  wage l a b o r  

a n d  s e r v i c e  a c t i v i t i e s  ( T a b l e  1 2 ) -  Inco iae  f r o m  wage l a b o r  w a s  

s i g n i f i c a n t l y  g r e a t e r  f o r  A g u a c a t e n a n g o ,  v h i l e  t h e r e  r a s  m i n i m 1  

i n c o m e  flcorn s e r v i c e  a c t i v i t i e s ,  W h i l e  t h e s e  r e s u l t s  are 

c o n t r a r y  t o  e x p e c t a t i o n s  b a s e d  o n  t h e  S a n  B a t e o  da ta ,  t h e y  are  

i n d i c a t i v e  of ,  a more i l n p o r t a n t  d i f f e r e n c e  b e t w e e n  S a n  f f a t e o  a n d  

Agu a c a i e n a n g o ,  S pecif i c a i L y ,  A g u a c a t e n a n g o  is  more close1 y 

i n c o r p o r a t e d  i n t o  t h e  ~ o d e r n  e c o n o l a i c  s o c i e t y ,  and  t h i s  h a s  had 

a number of effects  o n  g r i n d i n g  f u n c t i o n s  a n d  t echno logy , .  

R e s e a r c h  c o n c e r n i n g  the a d c p t i o n  of neu a r t i f a c t s  a n d  

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

s o c i o l o g y  and a n t h r o p o l o g y ,  h a s  b e e n  suneoaarized b y  Elogers a n d  

Shoemaker (197 1). They  s t a t e  t h a t  the p a t t e r n i n g  o f  a d o p t i o n  of 

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

m e a s u r e  o n  t h e  e x t e n t  of ext ra-comntuar i ty  coli l lnunicat ion and 

i n t e r a c t i o n  ( R o g e r s  a n d  Shoemaker  I W I :  Ql, 4 8 ) -  The u n d e r l y i n g  

r e a s o n  is t h a t  t h e  g r e a t e r  t h e  i n t e r a c t i o n  a n d  c o a m u n i c a t i o a ,  

t h e  more likely p e o p l e  are t o  be o p e n  t o  and a c c e p t i n g  of v a l u e s  

a n d  o p i n i o n s  of t h e  o u t s i d e ,  d o n a t i n g  cornmucity c r  s o c i e t y ,  



SncialJEcono~ic Village Proba- 
Characteristics aedrkan S t a t i s t i c  b i l i t y  

Land Income 
(US$JYear) 

San flateo=540,00 Mann Idhitney ,8359 
Agu a c  a tenan  go U=1244,50 
-553- 5 0 

San Hateo=202,00 ffann-Bhitnej! ,4092 
Aguacatenango . U=l153-50 
=2 001 00 

C faf t f ncoae San Hateo=6D,ffD Rann kihitney ,1601 
( US$/Pear> Ajuac atenan go  U=3 060-50 

= 8 O  -00 

Wage Income 
i t3sf /Year) 

San Eateo=4B,QO Bann-ghitney ,00Li1 
Aguacatenango U=855, SO 
=96 -00 

Service Incoae San klateo=31 C h i  Square <, 001 
(Ro mber Wepocting*) Aguacatenango=6 =25=88 

f nformant Visits to San Hateo=12 Wann-Whitney ,0000 
0 ther f i u n i c i p a l i t i e s  Byuacatenango=75 
(Number/Year) 

Iaformant  Y i s i t s  to  San &ateo=3 Uann-Whitney ,0800 
Regional Cen ter s Aguacatenan p = 2 0  
(8uaberJYear) 

Wepos t e d  Ner b San fia teo=5-6 Kolutorjorov <,001 
Knovf edge  Aguacatenango=O Smirnov 
(Huiztber Merbs Known) =28+ 06 

*Few i n f o r r a a n t s  i n  Aguacatenanyo had i n c o n e  from service 
a c t i v i t i e s ,  so number: o f  reporting households for each v i l l a g e  
was cornpared. f n San Batso inconae f rom S e r v i c e  A c t i v i t i e s  
ranged from $0-00 to $1872,00,  wi th  a median of f25,00, In 
Aguacateaango iacoane from S e r v i c e  A c t i v i t i e s  f a n g e d  f r o @  $ 0 - 0 0  
t o  '643R,000 



P h y s i c a l l y +  S a n  B a t e o  is ~ u c h  Bore  i s o l a t e d  t h a n  

Aguaca tenango ,  Even with t h e  b u i l d i n g  of t h e  r o a d ,  t h e  n e a r e s t  

l a r g e - s c a l e  ~itlsdern rrtarket c e n t e r  for S a n  Ba teo  (Huehue tenango)  

i s  f o r  most r e s i d e n t s  a t  l e a s t  a two-day r o u n a  t r i p ,  dependen t .  

on t r a n s p o r t a t i o n  w h i c h  is less t h a n  t o t a l l y  r e l i a b l e -  F o r  

r e s i d e n t s  of A g u a c a t e n a n g o ,  o n  t h e  o t h e r  hand ,  a round  t r i p  

visit t o  e i t h e r  of two major m a r k e t i n g  c e n t e r s  may b e  e a s i l y  

made w i t h i n  a s i n g l e  day  o r  even h a l f - d a y ,  w i t h  f r e q u e n t  a n d  

r e l i a b l e  t r a n s p o r t a t i o n ,  T h i s  d i f f e r e n c e  is u n d e r s c o r e d  b y  the 

f a c t  t h a t  p e r s o n s  f rom A g u a c a t e a a n g o  v i s i Z  b o t h  o t h e r  v i l l a g e s  

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

times p e r  y e a r  t h a n  p e r s o n s  f r o m  S a n  Hate-o ( T a b l e  12)-  I n  o t h e r  

w o r d s ,  r e s i d e n t s  of A g u a c a t e n a n g o  a r e  i n v o l v e d  i n  s i g n i f i c a n t l y  

iaore e x t r a - c o m m u n i t y  c o m m u n i c a t i o n  a n d  i n t e r a c t i o n  t h a n  

r e s i d e n t s  of S a n  Nateo.  Perhaps gost i n p o r t a n t  is t h e  ~ u c h  

g r e a t e r  c o n t a c t  a n d  i n t e r a c t i o n  v i t h  %adimos9 o r  E u r o p e a n i z e d  

r e g i o n a l  c e n t e r s .  T h i s  d i f f e r e n c e  would b e  r e i n f o r c e d  b y  t h e  

greater i n v o l v e ~ e n t  o f  A g u a c a t e n a n g o  r e s i d e n t s  i n  t h e  wage labor 

narke t ,  a s  well, 

One of the c h a r a c t e r i s t i c s  o f  o u r  modern, c a s h - b a s e d  

e c o n o m i c  s o c i e t y  is t h e  e x t r e a e  e m p h a s i s  we a t t a c h  t o  moneeary  

v a l u e s ,  T h i s  c h a r a c t e r i s t i c  would  b e  p a r t i c u P a c f y  e m p h a s i z e d  i n  

p r e c i s e l y  those c o n t e x t s  where t r a d i t i o n a l .  a n d  L a d i n o  p e o p l e s  

ntost  i n t e r a c t ,  t h e  t rade a n d  job m a r k e t s ,  An i n c r e a s e d  e r a p h a s i s  

o n  mone ta ry ,  v a l u e s  v o u l d  f a v o r  t h e  u s e  of the i m t a l  c o r n g r i n d e r  

as  the i n d u s t r i a l  s u p p l e m e n t  i n  A g u a c a t e n a n g o  r a t h e r  t h a n  t h e  



m o t o r - d r i v e n  m i l l I  f l lonetary  v a l u e  is t h e  o n l y  a t t r i b u t e  orhere 

the c o r m g r i n d e x  is s u p e r i o r  ko t h e  m o t o r - d r i ~ e n  otrill, F o r  o t h e r  

a t ' t r i b n t e s ,  s u c h  a s  e f f e c t i v e  u s e - l i f e  a n d  d e p e n d a b i l i t y ,  t h e  

l a t t e r  remains s u p e r i o r  [ T a b l e  I I f ,  

T h e  d i f f e r e n c e s  b e t w e e n  San Ha t e o  a n d  Wguaca tenango  a re  

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

a o s t  n o t i c e a b l y  a n  a t t e n u a t e d  t r a d i t i o n a l  artifact i n v e n t o r y  for 

A g u a c a t e ~ a n g o ,  T h e r e  are nc w a s h i n g  s t o n e s  o r  h e r b  lnash ing  

stones,reposted, for example, 

Use of w a s h i n g  s t o n e s  is g e n e r a l l y  n o t  r e p o r t e d  i n  t h e  

e t h n o g r a p h i c  L i t e r a t u r e ,  and  t h e  fact t h a t  i t  is r e l a t i v e l y  

contlnon i n  the .  G u a t e a a l a n  H i g h l a n d s  is ref f e c t e d  g r i r a a r i f f r  i n  

p h o t o g r a p h s  (Hash 1969:40; Tax G H i n s h a v  1965: 74-75), T h e r e  is 

one reference, fa r  t h e  c h o r  t i ,  who p r e f e r r e d  s t o n e s ,  a l t h o u g h  

wood p l a t t e r s  were u s e d  by soane, The use of wood b o a r d s  h a s  

been a t t r i b u t e d  t o  S p a n i s h  i n f l u e n c e  (Wisdora 19W: 146-147) - The 

p r e f e r e n c e  far wash ing  stones i n  t h e  B i g h l a n d s  aay be p a r t i a l l y  

due t o  the a b u n d a n c e  of locally a v a i l a b l e  water, However,  

A g u a c a t e n a n g o  i s  n o t  d e v o i d  of s t r e a i a s ,  a n d  is s i t u a t e d  n e a r  a 

small f a k e .  Bolaen i n  A g u a c a t e n a n g o  corn~tonly c a r r y  t h e i r  cf o t  h e s  

a n d  wash t u b s  e i t h e r  t o  a n e a r b y  stream o r  t o  t h e  l a k e  to wash 

t h e i r  c l o t h e s  (Dea l :pe r s ,  coa.lm,), In o t h e r  words,  the b e h a v i o r  

a n d  l o c a t i o n  a s s o c i a t e d  w i t h  c l o t h e s  w a s h i n g  i s  t h e  sase f o r  $an 

Hat eo and A g u a c a t e n a n g o ,  o n l y  t h e  a  r t i f  aces d i f f e r ,  Wooden s a s h  

tubs a r e  o c c a s i o n a l f y  r e p o r t e d  e t h n o g r a p h i c a l l y ,  however  

R e d f i e l d  and V i l l a  R o j o s  observe that i n  Chaakom there was no  



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

It h a s  a l s o  been s u g g e s t e d  t h a t  t h e  t e c h n o l o g y  of s h a p i n g  Wooden 

w a s h  t u b s  prior t o  t h e  i n t r o d u c t i o n  of naertal c u t t i n g  tools vouln 

t e n d  t o  b e  p r o h i b i t i v e ,  a l t h o u g h  wash ing  h o a r d s  Ray h a v e  been 

used v h e r e  s t o n e s  were scarce a s  i n  t h e  c o a s t a l  lowlands 

(Hayden:,pi;rs- cornat,), 

T h e  smaller n u ~ b e r  of h e r b  p r e p a r i n g  a r t i f a c t s  fo r  

A g u a c a t e n a n g o  compared  t o  San Bateo is p r o b a b l y  a lso  a  

r e f l e c t i o n  of g r e a t e r  a c c o ~ o d a t i o n  t o  ~ o d e r n  a a t e r i a l  culture,  

First, while t h e  G u a t e l a a l a n  g o v e r n m e n t  d o e s  p r o v i d e  ~ o d e r n  

medical s e r v i c e s  t o  n a t i v e  v i l l a g e s ,  s i rni l iar  s e r v i c e s  h a v e  b e e a  

p r o v i d e d  f o r  a l o n g e r  tirtle and en a more c o n s i s t e n t  basis by the 

H e x i c a n  g o v e r n m e n t ,  In t h i s  r e g a r d  it is w o r t h  noting t h a t  

r e p o r t e d  knowledge  of h e r b a  1 re m e d i e s  is  significantly less 

e x t e n s i v e  i n  A g u a c a t e u a n g o  compared t o  S a n  Wateo [ T a b l e  12)- 

S e c o n d ,  it w i l l  be r e c a l l e d  t h a t  the p r e s e n c e  of h e r b  preparing 

ar t i fac t s  i n  Sara Mateo was r e l a t e d  t o  a d h e r e n c e  t o  t h e  

t r a d i t i o n a l .  form of r e l i g i o n ,  I n  A g u a c a t e n a n g o ,  a l l  households 

i n t e r v i e w e d  h a d  a d o ~ t e d  e i t h e r  Roman C a t h o l i c i s m  or  some fora of 

P r o t e s t a n t  Evangel isa t ,  In c o n t r a s t ,  i n  Sari f l a t e o  o v e r  h a l f  of 

$he h o u s e h o l d s  i n t e r v  i e v e d  c a n t i  nued t o  f o l l o v  t h e  Playanized 

f o r m  of C a t h o l i c i s l a ,  T h u s  t h e r e  are b o t h  p r a c t i c a l  a n d  

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



a c c u l  t v r a t i o n  of A g u a c a t e n a n g o  is t h e  lack of a s s o c i a  t i o n  

b e t  ween f a m i l p  r e s i d e n c e  a n d  n u ~ b e r  of g r i n d i n g  stones discussed 

i n  t h e  preceding s e c t i o n ,  It nas suggested t h a t  t h e  f u n c t i o n  of 

e x t e n d e d  f a m i l y  r e s i d e n c e  for  San  3 a t e o  ~ i g h t  be t h a t  it a l l o w s  

g r e a t e r  f l e x i b i l i t y  i n  aork o r g a n i z a t i o n  w i t h i n  t h e  residence 

unit, T h i s  i n  turn might h e  c o n s i d e r e d  a 10% order o f  

s p e c i a f i z a t i o n  i n  a r e l a t i v e l y  u n s p e c i a f  ized s e l f - d e p e n d e n t  

society which in tnra allows t h e  i n c r e a s e d  a c q u i s i t i o n  of 

s p e c i a l ,  trse artifacts b y  i n d i v i d u a l .  households a n d  their 

@embers. For A y u a c a t e n a n g o ,  o n  t h e  o ther  hand, i t  was s u g g e s t e d  

that there m i g h t  be a t e n d e n c y  f o r  the e x t e n d e d  family h o u s e h o l d  

t o  b e  n o r e  an economic c o n v e n i e n c e  for individual m e ~ b e r s ,  P h i s  

could r e s u l t  from a n  increase i n  a l t e r n a t i v e  sources of e c o n o ~ i c  

o p p o r t u n i t y  ( o r  for  A g u a c a t e n a n g o  r e s i d e n t s  i n  

c o ~ b i n a t i o n  u i t h  a s l i g h t  s h i f t  away from a asubsistance 

o r i e n t a t i o n  and  towards a m a r k e t  economy o z i e n t a t i o n ;  

The  m u l t i p l e  a e t h o d s  of a a i z e  grinding are a n  e x c e l l e n t  

exalaple of the conflict b e t w e e n  c o n s t r a i n t s ,  and t h e  f a c t  t h a t  

people m u s t  make c h o i c e s  between  a l t e r n a t i v e  a t t r i b u t e s *  

F u r t h e r m o r e ,  c h o i c e s  reade by r e s i d e n t s  of San Mateo and 

A g u a c a t e n a n g o ,  b o t h  i n  t h e i r  s imilacities and t h e i r  d i f f e r e n c e s ,  

3 '13 



s u p p o r t  the arguaent  t h a t  choices nade ~ e f l e c t  t h e  p rob lems  

being d e a f %  u i t h  i n  t h e  b r o a d e r  a d a p t i v e  envi ronment ,  For 

example,  i n  b o t h  San  Eateo and Aguacatenango,  a s  w e l l  a s  

elsewhere, u s e  of t h e  s t o n e  metate is r e t a i n e d  i n  order to 

i n s u r e  a  s u f f i c i e n t l y  fine meal, Meal texture is a raajor 

c o n s i d e r a t i o n  a s  Long a s  rtlaize tortillas cooked o v e r  a wood o r  

b r u s h  f i r e  rttirtain a major staple i n  t h e  d i e t -  T h e  a l t e r n a t i v e  

tnodern method for obtaining f i n e l f  ground m a 1  i n v o l v e s  m u l t i p l e  

s i f t i n g s  and g r i n d i a g s .  T h u s ,  s t o n e  a e t a t e s  a r e  l i k e l y  t o  

remain a n  i t r t po r t an t  item of a a t e r i a l  c u l t u r e  a s  l o n g  a s  meal 

t e x t u r e  seniains i s p o r k a n t ,  F u s t h e r m o r e ,  t h e  r e t e n t i o n  of sLone 

aaetates a t  bpth  San B a t e o  and  Aguaca tenango reflects t h e  

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

v i l l a g e s ,  

A s e c o n d  s i a i l a r i t p  b e t w e e n  San aatea and  Aguaca tenango is 

t h e  use of a s u p p l e m e n t a r y  method of g r i n d i n g  i n  o r d e r  t o  reduce 

costs of tinle and energy. The two v i l l a g e s  d i f f e r e d ,  hoveve r ,  

in w h i c h  s u p p l e m e n t a r y  t e c h n o l o g y  was predominan t ,  a n d  t h e  

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

a d a p t i v e  behaviors r e l a t e d  t o  d i f f e r e n c e s  i n  soc ioeconofn ic  

s sgan iza t ion  f o r  t h e  two s i l i a g e s ,  S p e c i f i c a l l y ,  preferersce f on: 

t h e  Dore economicaP m t a l  c o r n g r i n d e r  by r e s i d e n t s  of 

Aguacgtenango reflects their g r e a t e r  iavolvmeat i n  modern 

e c o n c r ~ t i c  society, w i t h  t h e  s u b s e q u e n t  necess i ty  t o  place a 

g r e a t e r  value o n  ~raonetary factors ,  T h i s  i s  i n  c o n t r a s t  t o  SaXk 

g a t e o ,  which i s  r e l a t i v e l y  more s e l f - d e p e n d e n t  and less 



i n t e g r a t e d  into glodern society, w i t h  the s u b s e q u e n t  necessity 

f o r  v a l u i n g  time, e n e r g y ,  a n d  d e p e n d a b i l i t y  a s  a d a p t i v e ,  

A n o t h e r  c o s t s e q u e n c e  o f  the greater  i n v o l v m e n t  of 

Aguacatenango i n  sodern s o c i e y  is t h e  a t t e n u a t i o n  of the 

g r i n d i n g  s t o n e  i n v e n t o r y  a n d  r e p l a c e g e n t  w i t h  modern ma t e s l a l  

c u l t u r e ,  T h e r e f o r e ,  i t  c a n  be  assumed  t h a t  t h e  g r e a t e r  v a r i e t y  

of grinding f u n c t i o n s  and a s s o c i a t e d  a r t i f a c t s  t h a t  

characterizes San Mateo is  more l i k e l y  to  reflect the 

p r e h i s p a n i c  s i t u a t i o n  i n  Mesoamer ica ,  I n  f ac t ,  i t  is likely 

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

h a y e  existed i n  t h e  p a s t ,  

f i n a l l y ,  , w h i l e  t h e  present c o n s i d e r a t i o n  of  acculturation 

h a s  f o c u s e d  o n  t h e  iapact of modern e c o n o g i c  s o c i e t y  aad 

t e c h n o l u g y  an Zwo t r a d i t i o n a l  v i l l a g e s ,  i t  is i m p o r t a n t  to  

r e ~ e ~ b e s  t h a t  a aa j c r  u n d e r l y i n g  factor  was v a r i a t i o n  i n  the 

extent of e x t r a - c o e m u n i t y  c o m u n i c a t i o n  aad i n t e r a c t i o n ,  

S i ~ i l a r  v a r i a t i o n  h a s  c e r t a i n l y  o c c u r r e d  i~ t h e  past, a n d  h a s  

e q u a l l y  c e r t a i n l y  a • ’  fected t h e  ~ t a i e r i a l  c n l t u r e  i n v e n t o r y ,  

a l t h o u g h  i n  wha t  ways must a t  t h i s  time retaain a n  open' q u e s t i o n ,  





herbs; and washing clothes, 

The s e c o n d  p o i n t  is t h a t  o h  t h e  t h r e e  sources of 

a r c h a e o l o g i c a l  i n f  o r n a t i o n - - m a t e r i a l 8  ~ o r p h o l o g y ,  a n d  

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

v a r i a t i o n  i n  m a t e r i a l ,  T h e  r e a s o n  is t h a t  people c h o s e  material 

on  t h e  b a s i s  of its s u i t a b i l i t y  f o s  t h e  i n t e n d e d  f u n c t i o n ,  The  

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

grinding s t o n e s  (and o t h e r  a r t i f a c t s )  are c o n s i d e r a b l e ,  Mnch 

sore  a t t e n t i o n  needs t o  b e  g i v e n  t o  u n d e r s t a n d i n g  materials front 

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

Po r  g r i n d i n g  stowes t h e  n a t e r i a l  a t t r i b u t e s  t h a t  seem t o  b e  of  

g r e a t e s t  i a p q r t i t n c e  i n c l u d e  t e x t u r e  and ha  fdness ,  T h e s e  

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

c h a r a c t e r i s t i c s  a s  t h e  c h a r a c t e r i s t i c s  of t h e  s u b s t a n c e  being 

qround ,  t h e  d e s i r e d  f i n e n e s s  of g s i a d ,  g r i n d i n g  e f f i c i e n c y ,  a n d  

use-life of t h e  stone, The relative i m p o r t a n c e  o f  v a r i o u s  

f u n c t i o n a l  c h a r a c t e r i s t i c s  w i l l  d e p e ~ d  b o t h  o n  t h e  s u b s t a n c e  

b e i n g  g r o u n d  a n d  on i ts  s u b s e q u e n t  ' t r ea tmen t  and r e l a t i v e  

economic impor t ance ,  F o r  sow? s u b s t a n c e s ,  sach as those w i t h  a 

high nntoisture con tent, a  rough, open tesrtnre may be ext-relsely 

d e s i r a b l e -  T h i s  arould a l s o  ilnprorre 'the e f f i c i e n c y  o f  g r i n d i n g ,  

or t h e  a ~ o u n t  o f  m a t e f i a i  t h a t  c o u l d  be p r o c e s s e d  ia a q i v e a  

t i ~ e ,  On t h e  o t h e r  hand, a  smooth s t o n e  t e x t u r e  would b e  

desirable f o r  o t h e r  f u n c t i o n s ,  such a s  h e r b  mashing, where t h e  

s u b s t a n c e  b e i n g  processes i s  r e l a t i v e l y  s o f t  and the d e s i r e d  

result of p r o c e s s i n g  is pul v e r i z a t i a n ,  n o t  g r i n d i n g -  T h e  



i ~ p o r t a n c e  of  a f i n e  meal t e x t u r e  may be more i r a p o r t a n t  fo r  

g r a i n s  which a r e  baked r a t h e r  t h a n  b o i l e d ,  a n d  t h i s  i n  t u r n  may 

reflect the i m p o r t a n c e  o f  t h a t  g r a i n  i o  t h e  s u b s i s t e n c e  econouiy- 

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

a s  t h e  q u a n t i t y  a n d  e c o n o m i c  i s p o r t a n c e  of t h e  s u b s t a n c e  b e i n g  

p r o c e s s e d  i n c r e a s e s .  

One of t h e  i a p l i c a t i o n s  of t h e  t h e  p k e r i o u s  p o i n t s  f o r  

a r c h a e o l o g i c a l  interprets t i o n  i s  t h a t  a a t e r i a l  v a r i a t i o n  is o n e  

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

However, m a k e r  i a i  c l a s s i f i c a t i o n  c a n n o t  rely o n  g e o l o g i c a l  

c a t e g o r i e s  u n l e s s  s o u r c e  of ~ a t e r i a l  c r i g i n  is t h e  p r i a a r y  

reseasch gues- t ion ,  Where r e s e a r c h  i n t e r e s t  is d i r e c t e d  t o p l a r d s  

f u n c t i o n a  l q u e s t i o n s ,  c lass i f ica  t i o n  s h o n l d  b e  based  o n  t h o s e  

x r t a te r i a f  p r o p e r t i e s  naost relevant t o  f u n c t i o n ,  such a s  texture 

and h a r d n e s s ,  

B t h i r d  p o i n t  is t h a t  w h i l e  the r e l a t i o n s h i g  between 

f u n c t i o n  and a a t e r i a l  is relatively s t c a i g $ t f o r w a r d  i t  is still 

s u b j e c t  t o  m d i f  i c a t i o n  by the c u l t u r a l .  c o n t e x t ,  sost 

s p e c i f i c a l l y  b y  s o c i o e c o n o a i c  o r g a n i z a t i o n ,  The e x t e n t  o f  c r a f t  

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

likely t o  a o d i f g  t h e  i ~ g o r t a n c e  o f  one or  a o r e  f u n c t i o n a l  

c h a f a c  teristics, a n d  t h e r e f  o r e  o f  the i m p o r t a n c e  of material 

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

a a t f r i a l  a t t r i b u t e s  may be iiaited by t h e  extent  of  b o t h  craft 

s p e c i a l i z a t i o n  a n d  i n t e r c o m m u n i t y  t r a d e  r e l a t i o n s ,  a l s o ,  

u s e - l i f e  may become less i m p o r t a n t  where e x t e n s i v e  



i n t e r c o w m u n i t  y i n t e r a c t i o n  i n c r e a s e s  t h e  a v a i l a b i l i t y  of 

r e p  l n c e m e n t s ,  

A fourth p o i n t  c o n c e r n s  m o r p h o l o g i c a l  v a r i a t i o n ,  5 i h i l e  

a r t i f a c t  form is often a s s u n e d  to  be related t o  f u n c t i o n ,  t h i s  

a p p e a r s  t o  be t r u e  o n l y  in a l i r r t i t e d  a n d  indirect f a s h i o n ,  T h e  

~ o s t  c o n s i s t e n t  relations hi^ betweea form a n d  f u n c t i o n  is i n  

terns of e n e r g y  efficiency, and t h e  lore ti.@ a n d  e n e r g y  s p e n t  

o s i n g  a n  a r t i f a c t  t h e  moxe i g p o r t a n t  e n e r g y  efficiency becomes- 

This was s e e n  i n  two i n s t a n c e s ,  First a a s  t h e  a p p a r e n t l y  

u n i v e r s a l  i m p a r t a n e e  of a s l o p i n g  g r i n d i n g  surface fo r  s t o n e s  

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

t h e  t e n d e n c y  fqr t h e  size o f  t h e  g r i a d i n g  surface t o  reflect t h e  

a a o u n t  of n a t e r i a l  being p r o c e s s e d  on it, P o r n  a l s o  a p p e a r s  t o  

be r e l a t e d  t o  the a b i l i t y  t o  a a i n t a i n  s o a e  kind of c o n t r o l  over 

t h e  s u b s t a n c e  b e i n g  p r o c e s s s r l ,  For g r i n d i n g  stones t h i s  is most 

o f t e n  s e e n  i n  t h e  p r e s e n c e  of raised s i d e s  a r o u n d  t h e  g r i n d i n g  

surface, a l t h o u g h  t h e  legs of the t r i p o d a l  metate a l l o w  i t  t o  be 

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

A f i f t h ,  a n d  even %ore i g p o r t a n t  p o i n t  c o n c e r n i n g  ' 

rn torpholagicaf  v a r i a t i o n  i s  t h a t  there are @any d i f f e r e n t  

m o r p h o l o g i c a l  s o l u  t i o n t s  to t h e  saae f t l n c t i o n a l  problem, T h i s  is 

a n o t h e r  p o i n t  which cannot b e  o w e r s t r e s s e d ,  St r e i n f o r c e s  the 

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

f u n c t i o n  as  well a s  h a v i n g  a d a p t i v e  i inp l i ca t ians  a s  ~ e n k i o n e d  

below, As a n  e x a a p l e  of ~ i u l t i p l e  n t o r p h o l o g i c a l  s o l m t i o n s ,  the 

d e s i r e d  s l o p e  of t h e  g r i n d i n g  s t o n e  can b e  a c h i e v e d  i n  a auatber: 



of ways* It aay be p r o p p e d  u p  sn pebbles, built i n t o  a 

p e r a a n e n t  B i n ,  or  mile w i t h  l e g s  of d i f E e r e n t  h e i g h t s ,  

Sint i larfy ,  there are many ways t o  a c h i e v e  COatrol o f  t h e  ground 

prod UG t, 

W sixth point, c o r r o P l a r y  t o  the above, is t h a t  

s o c i o e c o n o m i c  c o n t e x t  is a s  i n p o r k a n t  a s  f u n c t i o n  i n  d e t e r n i n i r q  

forat, The a v a i l a b l e  technology o x @  a g a i n  i s  a c r i t i ca l  f a c t o r  

i n  t h a t  it d e t e r m i n e s  t h e  p o s s i k l e  r a n g e  o f  m o r p h o l o q i c a l  

v a r i a t i o n  a v a i l a b l e ,  As w e f i ,  s o c i a l  t r a d i t i o n  seems t o  h a v e  am 

i n f l u e n c e  o n  form sitktia 2he a a i k s  a l l o w e d  by  f u n c t i o n a l  a n d  

t e c h n o l o g i c a l  c o n s t r a i n t s ,  Here a g a i n  t h e  l e g s  on Plesoaaerican 

metates provide  aa exaataple, T h e i r  d e s i r a b i l i t y  Bay b e  a t  l e a s t  

p a r t i a l l y  a t t r i b u t e d  t o  sage s e n s e  of social  f i p r e s t i g e n ,  b u t  

t h e i r  p r e s e n t  v i d e s p r e a d  o c c u r r e n c e  seew t o  have  been 

f a c i l i t a t e d  b y  the i n t r o d u c t i o n  o f  steel tools,  The influence 

o f  tradition Bay a l s o  be s e e n  i n  t h e  v a r i a t i o n  i n  s h a p e  o f  t h e  

g r i n d i n g  s u r f a c e  of  aetates b e t w e e n  San R a t e o  a n d  Bguacateraango,  

but again v i t h i a  t h e  s i z e  l i r r t i t a t i o n s  i m p o s e d  by f u n c t i o n -  

A s e v e n t h  p o i n t  concerns t h e  p r e s e n t  i n a d e g u a c  y of 

d i s  trihutional da ta  t o  p r o v i d e  f u n c t i o n a l  a n d  s o c i a l  

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

frequency c t f  g r i n d i n g  s t o n e s  {and most likely o t h e r  a r f i f a c t s )  

in the c u l t u r a l  c b n t e x t  a re  n o t  well known and a p p e a r  Zo v a r y  

with t h e  c o n t e x t  i tself.  Family structure Bay sofaetiraes b e  

a s s o c i a t e d  w i t h  t h e  nutaber of g r i n d i n g  s t o n e s  p e r  household 

a l t h o u g h  t h i s  w i l l  v a r y  d e p e n d i n g  o n  the underlying p r o c e s s e s  of 



fa~attify o r g a n i z a t i o n  a s  v e i l  a s  an t h e  extent of v i l l a g e  

i n c o r p o r a t i o n  i n  a regional econorny- T h e  problears a s s o c i a t e d  

w i t h  i n t e r p s e t i r n g  t h i s  s o r t  of v a r i a t i o n  i n  t h e  m a t e r i a l .  

i n v e n t o r y  are corapounded when the c u l t u r a l  c o n t e x t  is 

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

t r a n s f o r a a t i o n  p r o c e s s  itself seems to  vary with the c u l t u r a l  

con text, 

F i n a l l y ,  t h e  p o i n t  needs to  b e  made t h a t  no r s a t t e r  how 

t r a d i t i o n a l  modern-day Mesoaaerican v i l l a g e s  map a p p e a r  

a c c u f  i u r a t i o r n  i s  o c c u r r i n g ,  a n d  is a f f e c t i n g  t h e  naaterial 

i n v e n t o r y ,  One of t h e  r e s u l t s  is a r e d u c t i o n  of t h e  v a r i a t i o n  

i n  g r i n d i n g  s t o n e  t e c h n o l o g y  and function;. Thus, to r e p e a t  t h e  

i n i t i a l  point, the variation and patterning i n  g r i n d i s r g  f unc i i c rn  

a n d  t e c h n o b o g y  t h a t  m i g h t  be e x p e c t e d  i n  a n  archaeological 

a s s e m b l a g e  is p r o b a b i y  much g r e a t e r  t h a n  mos t  c u r r e n t  

e t h n o g r a p h i c  o b s e r v a t i o n s  would  s u g g e s t ,  

a d a p t i v e  E h a v i o r  -- 
Ear l i er  i t  was stated t h a t ,  f o l l o w i n g  t h e  a s s u m p t i o n s  of 

d e s i g n  theory, a n a l y s i s  of g r i n d i n g  s t o n e s  {or o t h e r  a r t i f a c t s )  , 

should provide  some i n s i g h t  i n t o  t h e  n a t u r e  of t h e  a d a p t i v e  

p r o b l e m  b e i n g  s o l v e d ,  T h e  a rgumen t  was t h a t  c o n f l i c t  would 

occur between t h e  c o n s t r a i n t s  on artifact des ign,  As a r e s u l t  

of s e l e c t i o n  between c o n s t r a i n t s  i n  t h e  d e s i g a  p r o c e s s  the 

a r t i f a c t  would show same a p g a r e n t  d i s e c o n o ~ i e s ,  T h e s e  a p p a f e n t  

d i s e c o n o m i e s  would be b a l a n c e d  by o t h e r  e c o n o m i e s  o f  greater 

relevance t o  t h e  a d a p t i v e  problems of g r e a t e s t  c o n c e r n  to  t h e  
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users, T h r o u g h o u t  t h e  a n a i y s i s  of g r i n d i n g  stones a nozaber o f  

c o n • ’  l i c t s  h a v e  been n o t e d ,  Xn p a r t i c u l a r ,  a c o n f l i c t  b e t w e e n  

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

n a t e s i a f .  s e l e c t i o n  a n d  in t h e  form o f  t h e  t r i p o d a l  metate, I n  

!4esoaaerica t h e  p r e f e r e n c e  fo r  i g n e o u s  ~ a t e r i a l s ,  e s p e c i a l l y  

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

i n  general, Bore p a r t i c n l a r l y ,  however ,  ik is a l l a o s t  c e r t a i n l y  

r e f a t e d  t o  t h e  p r a c t i c e  of c o o k i n g  maize p r i o r  t o  g r i n d i n g ,  On 

t h e  o t h e r  hand ,  t h e  p r e s e n t  d a y  p r e f e r e n c e  f o r  t h e  t r i p o d a l  form 

p r o b a b l y  reflects a variety o f  social influences, including a 

l o n g  tera a s s o c i a t i o n  of t h e  t r i p o d a l  fo ra  w i t h  social ~ r e s t i g e -  

I n  b o t h  t h e s e . i n s t a n c e s  - the  r e s o l u t i o n  of t h e  c o n f l i c t  was 

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

i n  p a r t  b y  t h e  p r e s e n c e  o f  craft s p e c i a l i z a t i o n ,  

C r a f t  s p e c i a l i z a t i o n ,  with its a l t e r a t i o n  ~f t e c h n o l o g i c a l  

c o n s t r a i n t s ,  a p g e a r s  r e p e a t e d l y  a s  a n  i ~ p o r t a n t  B e a n s  of 

r e s a l v i n g  conflicts between v a r i o u s  const  rain ts, In a d d i t  i nn ,  

i t  r e p r e s e n t s  a  s h i f t  in s o c i o e c o n o a i c  o r g a o i z a t i o n  , a n d  a iaa jor 

s t e p  i n  t h e  e v o l u t i o n  of t e c h n o l o g y ,  As s u c h ,  it Bas "been t h e  

sub ject of c o n s i d e r a b l e  t h e o r e t i c a l  i n t e r e s t ,  One of t h e  

e x p l a n a t i o n s  t h a t  h a s  b e e e  s u g g e s t e d  a s  a critical f a c t o r  i n  the 

d e v e l o p a e n t  of t r a d e  and,  either e x p l i c i t l y  os i ~ p l i c i t f y ,  o f  

c r a f t  s p e c i a l i z a t i o n  is d i f f e r e n t i a l  access t o  scarce, l o c a l i z e d  

r e s o u r c e s  s n c h  a s  v e s i c u l a r  basalt ( R a t h  je 1972: 386-  387; Arnold  

1980: 147) , However, t h e  s c a r c i t y  o f  r e s o u r c e s  d o e s  n o t  

a u t o ~ a t i c a l l y  @ a t e  them d e s i r a b l e ,  or create a demand, T h e i r :  



s c a r c i t y  is i r r e l e v a n t  unless t h e r e  is such  a p r e - e r i s i t i n g  

demanif, Bno tho r  e n p l a n a t i o a  t h a t  h a s  been  presented for t h e  

d e v e l o p m e n t  of craft s p e c i a l i z a t i o n  i s  t h e  e x i s t e n c e  of a n  

i n a d e q u a t e  s u b s i s t e n c e  b a s e  {Arnold 1980: f47,1501- In r e a l i t y ,  

however, t h i s  e x p l a n a t i o n  is u s u a l l y  b a s e d  on s i t u a t i o n s  whe re  

the s u b s i s t a n c e  base is not i n a d e q u a t e  so much a s  unequally 

d i s t r i b u t e d ,  w i t h  t h e  r e s u l t  t h a t  i t  i s  i n a d e q u a t e  o n l y  f o r  soae 

i n d i v i d u a l s ,  These i n d i v i d u a  Is may t u r n  t o  c r a f t  s p e c i a l i z a t i o n  

a s  a a e a n s  of i n c r e a s i n g  t h e i r  i n c o a e  and t h e r e b y  i a p r o v i n g  

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

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

s p e c i a l i z e d  p r o d u c t i o n  a c t i v i t y  a s  a s o u r c e  of iacoifte where  

t h e r e  is no known demand for t h e  p r o d u c t  would b e  t o  e x c h a n g e  a 

knona i a a r g i n a l  e x i s t e n c e  f o r  a n  unknown a n d  aTmost c e r k a i n f y  

d i s a s t e r o u s  r i s k ,  Purthermiore,  t h e r e  would have  t o  be a  

r e g i o n a l  o r  l o c a l  s u b s i s t e n c e  s u r p l u s - - o r  a t  l eas t  

su f f i c i e n c y - - t o  a l l  cv t h e  r e d i s t r i b u k i o n  n e c e s s a r y  t o  compensate 

the s p e c i a l i s t ,  

% e i t h e r  o f  t h e  a b o v e  theories c o n c e r n i a g  o r i g i n s  -of  c r a f t  

s p e c i a l i z a t i o n  t a k e s  i n t o  a c c o u n t  t h e  s o u r c e  of t h e  p r o d u c t  

demand or t h e  means o f  c o m p e n s a t i o n  f o r  t h e  s p e c i a l i s t ,  The 

anal fsis of S a n  Hate0 g r i n d i n g  s t o n e s  s u g g e s t s  one p o s s i b l e  

model  f o r  She  o r i g i n s  of c r a f t  s p e c i a l i z a t i o n  vhich t a k e s  i n t o  

a c c o u n t  t h e  s o u r c e  of d e ~ a n d ,  and  v h i c h  could be coeabined w i t h  

o n e  or both of t h e  above  e x p l a n a t i o n s ,  A s  maize  b e c a ~ e  

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



us iog  vesicular b a s a l t  o r  o t h e r  i g n e o u s  inaterials would a l s o  

i n c r e a s e ,  T h e  f u n c t i o n a l  desirability of v e s i c u l a r  b a s a l t  

i n c r e a s e  e v e a  Bore wi th  t h e  p r a c t i c e  o f  p r e c o o k i n g  iaa ize ,  In 

fact, t h e  i g n e o u s  iaaterials  map e v e n  be n e c e s s a r y ,  i n  which  case 

t h e s e  would  be a n  e ~ t r e a e l y  high  demand, A t  t h e  same t i m  b o t h  

t h e  d i f f i c u l t y  of work ing  t h e  s t o n e  aad its localized 

d i s t r i b n t i o a  would make it e x t r e m e l y  cos t iy-  W i t h i n  t h i s  

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

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

q u i t e  i a p o r - t a n t ,  B h e r e  some ~ i n i m a f  s p e c i a l i z a t i o n  o c c u r r e d  i n  

a d o ~ e s t i c  c o n t e n t ,  a n  i n c r e a s e d  a n d  c o n t i n u i n g  demand would 

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

c r a f t  s p e c i a l i z a t i o n ,  

S p e c i a l i z a t i o n  i n  t h e  production o f  metates a p p e a r s  t o  b e  

t h e  r u l e  t h r o u g h o u t  t h e  e h t n o g r a p h i c  Hays a rea  and ~ u c h  of 

f l e s o a m e r i c a  (BcBride 1347; Asch~tann  1999; gisdom 19403, The 

B a l a c a t a n c i t o  q u a r r y  s i te ,  s h i c h  o b v i o u s l y  h a s  a long h i s t o r y  o f  

use, a n d  t h e  n e a r b y  a r c h a e o l o g i c a l  s i te  o f  P u k a l ,  w h i c h  may d a t e  

f roa  the F o r  utative { p e f s o n a l  o b s e r v a t i o n ;  Ha yden: p e t s ;  comnnl) . 
b o t h  s u g g e s t  that s p e c i a l i z a t i o n  i n  aetate p r o d u c t i o n  h a s  its 

o r i g i n s  d e e p  i n  the p a s t ,  This is f u r t h e r  suggested by t h e  

a p p e a r a n c e  of t h e  s ~ e c i a l i z e d  sma 11 footed g r i n d i n g  s t o n e s  i n  

t h e  Formative, Once  c r a f t  s p e c i a l i z a i o n  o c c u r s  t h e  e n t i r e  

s o c i a l  context has changed ,  T e c h n o l o g i c a l  c o n s t r a i n t s  o n  

rslor phofogy  h a v e  b e e n  a l t e r e d ,  and,  pres lamabl  y, new s o c i a l l y  

g e n e r a t e d  a d a p t i v e   robl leas tnust be s o l v e d ,  



A n o t h e r  atajor conflict i n  c o n s t r a i n t s  %as s e e n  i n  t h e  

c h o i c e  of rrtodern i n d u s t r i a l  r e p f a c e ~ e n t s  Used Ito s u p p l e m e n t  t h e  

aetate, ~t was seen,  f i r s t  o f  a l l ,  t h a t  t h e  n e t a l  c o r n g r i n d e r  

was t h e  s u p e r i o r  choice mLy i n  terms of aaonetary  hen& it a n d  

t h a t  t h e  m o t o r - d r i v e n  mill was i n  f a c t  p r e f e r a b l e  i n  terms of 

time, e n e r g y ,  a n d  d e p e n d a b i l i t y ,  It was f u r t h e r  s u g g e s t e d  & h a t  

t h e  p r e f e r e n c e  f o r  atetal corny r i n d e r s  p r o b a b l y  reflected a 

g r e a t e r  i n v o l v e m e n t  i n  a c t i v i t i e s  a n d / o r  r e l a t i o n s h i p s  w h e r e  a 

c o n c e r n  f o r  m o n e t a r y  v a l u e s  uas a d a p t i v e ,  Thus,  t h e  ~a j o r  

d i f f e r e n c e  be tween  S a n  H a t e o  a n d  A g u a c a t e n a n g o  w i t h  respect to 

B o d e r n  g r i n d i n g  t e c h n o l o g y  was a t t r i b u t e d  t o  the g r e a t e r  

i n v o l v e ~ e n t  o< A g u a c a t e n a n g o  r e s i d e s l t s  i n  t h e  rtiodern econoaay, 

a n d  s u b s e g u e n  t l y  i n c r e a s e d  a c c u l t u r a t i o n ,  On the o t h e r  h a n d ,  

S a n  Ha teu  was i n t e r p r e t e d  a s  c o n t i n u i n g  ts r e m a i n  more 

t r a d i t i o n a l  p a r t l y  a s  a c o n s e q u e n c e  o f  g r e a t e r  i s o l a t i o n   fro^ 

s o d e r n  s o c i e t y  a n d  i n c r e a s e d  self - d e p e n d e n c e  for  s u k s i s t a n c e ,  

The  eaphasis o n  a r t i f a c t  d e p e n d a b i l i t y ,  b o t h  i n  terms of 

e x t e n d e d  use -  l i f e  a n d  ~ i n i m i z a t i o n  o f  time a n d  energy r e q u i r e d  

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

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

s t o n e s  of l o c a l l y  n o w a v a i l a b l e  material, 

f u t u r e  C o n s i d e r a t i o n s  ---- ------ 
On the b a s i s  of t h e  p r e s e n t  a n a l y s i s  of ethnographic 

g r i n d i n g  s t o n e s  a nurtiber o f  r e c o m m e n d a t i o n s  c a n  b e  made, first, 

g r i n d i n g  s t o n e s  d e s e r v e  much more a t t e n t i o n  t h a n  t h e y  p r e s e n t l y  

r e c e i v e ,  When v a r i a t i o n  i n  material,  s i z e ,  a n d  s h a p e  are  t a k e n  
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i n t o  a c c o u n t  they c a n  g r o v i d e  a s u r p r i s i n g  a a o u n t  of 

i n f o r m a t i o n ,  A r c h a e o l o g i c a l  grinding s t o n e s  have t h e  p o t e n t i a l  

for:  i n c r e a s i n g  o u r  u n d e r s t a n d i n g  of s u b s i s t e n c e  b e h a v i o r ,  t h e  

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

social i n t p l i c a t i o n s  o f  s p e c i a l  u s e  a r t i fac ts ,  and p o s s i b l y  even 

some of t h e  mechan i sms  underlying c u l t u r a l  c h a n g e  a n 4  e v o f u t i o n ,  

Second, material a n a l y s e s  s h o u l d  b e  g i v e n  a much greater r o l e  i n  

a r c l t a e o l o g i c a l  i n t e r p r e t a t i o n ,  p a r t i c u l a r l y  g i v e n  the c l o s e  

r e l a t i o n s h i p  b e t w e e n  n a t e r i a f .  a n d  f u n c t i o n ,  The importance o f  

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

m u l t i p l e  s o u r c s  of c o n s t r a i n t  on a r t i f a c t  morphology and the 

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

F i n a l l y ,  design t h e o r y  d e s e r v e s  more e x t e n s i v e  use i n  s t u d i e s  of 

material c u l t u r e  f roa both e t h n o g r a p h i c  a n d  a r c h a e o L o g i c a l  
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