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ABSTRACT

Grinding stones are often of considerable importance in the
subsistence economy of traditional societies. However, they
have received minimal analytical attention by archaeologists.
Using ethnoarchaeological data from one Maya Highland village,
the concepts of design analysis are used to determine the
implications of variation in grinding stone material and
mor phology. Results are compared to ethnoarchaeological data
from a second village, as well as to available data in the
ethnographic, archaeological, historical and modern industrial
literature.

Variation in grinding stone material exists in traditiénal
societies and is related to variation in grinding function. The
strength of the relatiogship appears to increase as the quantity
and economic importance of the substance being processed
increases.

VYariation in grinding stone morphology reflects the
interaction of stone material characteristics, technology,
socioecoﬁomic organization and functioh. Functional <¢oncersps
focus primarily on increasingly efficient use of human energy,
although morphological expression of this'concern varies.
Developnment of craft specialization and a market econcmy occur
repeatedly as factors affecting grinding stone variation, and

appear to be related im part to increased artifact demand.
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I. . INTRCDUCTION

Writing in 193171 with respect to the Yucatan peninsula
Gustav Stromsvik noted that maize grinding stones, or metates,
had failed to receive their due share of attention in spite of
the fact that they are and were the most important item of
household egunipment {Stromsvik 1931:143). Two years later,
Kathleen Bartlett made a similar observation for the American
Southwest (Bartlett 13933:3). After fifty years their comments
could be repeated with little modification. Variation in shape
and material of grinding stones in space and time can provide
information concerning culture chronolegy and culture contact
{MacNeish et al 1967:v), as well as short-range trade in
non-exotic goods (Weaver 1972:158; Scholes & Roys 1968:319).
Even for these purposes, however, there are discrepencies and
major omissions in the reporting and analysis of grinding stones
{(Coe 1965:599; Longyear 1952:105; Hammond 1975:344; Cook
1973:1485-1486). No consideration has ever been given to the
possibility that variation in material, mcrphology, or“
distributicn within a site may relate to functional variation,
or have implications concerning the nature of socioeconcmic
organization at both the community and household levels. The
following thesis, using data collected during recent
ethnoarchaeological research in the Maya Highlands, will a:gué
that grinding stones cffer considerable potential for
understanding both prehistoric lifeways and cultural process,
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and deserve the attention St:omsvik and Bartlett have called

for.

The oLy
One of the more useful theoretical frameworks for
integrating information obtainable frem grinding stones (or
other artifacts) is design analysis, or design theory. Design
theory deals with the process of creating and making artifacts,
and was first suggeSed as applicable for archaeological
interpretation by Kleihdienst (1975:383). She argued that
anderstanding material culture involves understanding how
artifacts are made and use, and uvltimately how they "...allow
actors within cultural behavioral systems to adapt in their
environments" (Kleindienst 1975:383). The importance of the
design process derives from the fact that it involves the
differential selection of raw materials and their mcdification
in order to achieve a desired end product within a particular
context. In other words, it is one of the processes which
articulates the material and non~mateiial aspects of culture.
OUnfortunately, as Kleindieanst points out, present‘theory
concerning the articulation is largely implicit, intuitive,
ethnocentric, and devoid of any reference to the design process.
Design theory has been developing for the past three
decades in the realms of architecture, engineering and industry
{Jones 1970:3). However the main thrust has been in describing
new methodological techniques, particularly for increasing
creativity and formalizing decisicn-making {Jones 1970; Starr
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1963; Hill 1970). Consideration of the relationship of the
material product of the design process to the broader cultural
context, when it occurs, is apt to stress the importance of
product innovation im order to maintain corporate sales and
growth {(Hill 1970:1-2). Hore generally considerétion for the
product of the design process with the cultural context is
subsuned under the very specific statement of the design
problem. 1In other words, most design theorists are concerned
with how to improve product creation rather than with
understanding the way in which the design process articulates
the material and non-material aspects of culture. The broader
theoretical perspective is provided by two authors, Pye and
Alexander (Pye 1564, 1968; Alexander 1974). Because Alexander
and Pye are concerned wi;h the process of design, rather than
specific methods, it is their work which provides the basis for
the theoretical model used here. |

The fundamental assumption of design theory is that
artifacts are made for a reascn--not sismply to serve a function,
but to solve an activity or adaptive "Qroblem“. The particular
problen may be related to economic, technological, social or
ideological behavicr pattersms, <¢r some combinaticn of these
{Alexander 1970:15ff).

The operational assumption of design theory is that a
number of constraints operate on the production and final form
of artifacts. Constraints may be considered in terms of

material, technology, function, and social factors. These



cﬁnstraints operate interactively, and may come into conflict.
For example, the "best" npaterial for a particular function may
not be available, or the technological capability for handling
it may be unknown or dependent on a rarticular fcrm of social
support system, or there may be ideological objections to using

it. The final artifact therefore represents a satisfactory

solution to a total set of particular constraints, or a specific
context.

Specifying the constraints involved in solving a problenm
def ines the context of the adaptive problem being solved.
Changing the nature of one cr more constraint in effect changes
the nature of the problem. One of the critical points made in
design theory is that a satisfactory solution to one set of
constraints is not the "best" solution to a particular problem.
Both the interactive nature of a given set of constraints and
the potential for redefining a problem by changing one or moie
constraint means there will never be a "best" solution to any
problem, but many possible satisfactory solutions {Alexander
1970:17). Furthermore, the interactive‘and changeable nature of
constraints provides the potential--perhaps even the
impetus--for change over time.

For purposes of archaeolqgical interpretation, deterpining
the relative importance of various constfaints in producing the
artifact should provide insight in;o the nature of the adaptive
problem being solved. Analyzing the economics of time, emnergy,

and risk involved in the procurement and use of materials and



manufacture of artifacts can provide one nmeans of speéifyiné
many of the conmstraints. Particular attention should be paid to
explaining apparent diseconomies, since these diseconomies are
usually balanced by increased economies with respect to some
other coustraint or comnstraints. In this way the constraiants
which were of greatest‘importance to the people producing the
artifacts can bhe identified and evaluated in terms of their
adaptive implications.

There are two possible sources of criticism concerning use
of this very generalized model of design theory. On the Sne
hand, much of what is stated explicitly in design theory has
been accepted implicitly and/or intuitively in archaeology for
some time. However, human mental capacities are such that
intuitive analysis is limited to relatively simple problenms.
Furthermore, intuitive anmalysis is not easily accessible to
criticism. Haking explicit that which has been implicit will
improve the results of even the simplest analysis as well as
increasing the complexity of the analyses which may reasonably
be undertaken (Alexander 1974:5-9). On‘the other hand, there
may bke concern for the lack of a rigorocus
experimental-statistical approach commonly found in the
industrial and engineering contexts. While such an approach is
unltimately desirable, the present state of knowledge {(or more
accurately, lack of knowledge) is such that it is ipappropriate.
%hat is needed at the present time is the development of

empirical models which can then be subjected to more rigorous



testing.

Met hodology

Design theory, through the notion of nultiple interactive
constraints,in the production process, provides a general
ftamework for relating material items back to the cultural
contaxt. Archaeologists, however, must deal with specifics: the
specifics of material and form of items and their variation
within time and space, and how these relate back to specific
cultural contexts. Unfortunately, because of the general lack
0of research dealing with grinding stones, there is very 1little
information in either the ethnographic or the archaeological:
literature. Where information exists it is sparce, fragmentary,
and frequently devoid of concern for the nature and possible
implications of variation.

Need for basic data of this sort was the basis for
initiating the Coxoh Ethno-archaeology Project. Since the data
used here were provided by the Project, a brief description of
relévant aspects of its goals and methods are provided.

The Coxoh Ethno-archaeology Project was initiated to assist
in solving problems of archaeological interpretation arising
from excavation of Colcnial Coxoh sites in eastern Chiapas,
Mexico by the New World Archaeological Foundation. 1In
particular, a data base concerning the functions and social
contexts of a wide variety of material items was desired.
Because the Coxoh, a Mayan people, are extinct, field work was
done among closely related groups still living in the
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surrounding area. This included {but was not limited to) formal
data collection in two relatively traditional Maya villages
during Pebruary and March 1879. These were the Chuj-speaking
village of 'San Mateo Ixtatan, in the Department of
Huehuetenango, Guatemala, and the Tzeltal-speaking village of
Aguacatenango, 1n the state of Chiapas, Mexico. In each village
a number of households was sampled. Because the ethnographic
field work was dependent on the ccoperation and goodwill of the
people with whom work was being done, use of statistical
sampling procedures was necessarily precluded. However, every
effort was made to include as broad a range of the social and
economic spectrum as possible. This included the range of |
annual income‘and land ownership, craft and service
specializations, and religious and political office holders. It
was felt that this goal was achieved.

For each household sampled two types of data were
collected, in accordance with the goals of the Project. The
first type of data, concerning material items, was obtained
through an inverntory of material items'in all structures and the
associated compound for each household. The function of
artifacts was determined by direct gquestioning and by
observation. The materials from which artifacts were made was
determined by observation. For the pmost part informants were
amazingly cooperative in allowing access to all itens in their
possession. Rarely was access denied to any part of a

household. In those few households where limitations were



i@posed, they were not for areas likely to contain grinding
stones,

The second type of data collected from each household in a
systematic fashion concerned the socioeconomic context. This
was obtained by interviewing an adult member of the household.
In order to insure comparability and consistency of dafa betvween
households the interviews were structured by a series of
questionnaires on social, demographic, economic factors, as well
as architectural features and artifact use and use-life.
Interviewing was done by two members of the research tean
working together, while two other members undertook the material
survey. All members of the research teams made an effort té
insure that inventory and interview data was consistent within
and between households.

In addition to systematic data collection, cbservations and
informal interviews were used in San Mateo to obtain users'.
explana tions for variation in form and material for a number of
items, including grinding stones. Data of this nature was not
collected from every household, since it was necessary for
variation to be present in order to raise questions about it.
When variation in form or material occurred in a household,
every effort was made to avoid the use of leading questions.
Open ended guestions were best handled when the objects in
question were at hand. Another reason data of this sort was not
collected from every household was the need to avoid a

proliferation of guesiions, Questions were not repeated after a



series of reasonably consistent responses Was obtained.

Another source of data was obtained through unstructured
interviews with and observation of individuals practicing
traditional crafts. These included several visits to Ramon
Ramos Rosario, a present-day manufacturer of manos and metates
in the village of Malacatancito, a short distance from the city
of Huehuetenango.

Selection and interpretations of data concerning grinding
stones provided by the Coxoh Ethno-archaeology Project was
guided by concern to maintain comparability with an
archaeological situation. Thus, information concerning
variation in material, wmorphology {(including size), and spaiial
distribution was treated as the primary data base. FEach of
these variables will be dealt with separately, and potential
reasons for the observed variation will be sought in the sources
of constraint in the design process. Potential sources of
constraint include function, technology and social organization
(including ideology). Where variation in physical fgroperties
appears to be associated with variatioh in a source of
constraint, explanation will be sought in economics of time,
energy and potential risk. As well, it is expected that
apparent diseconomies will occur as a result of conflict between
constraints. Particular attention will be paid to these
apparent diseconomies as possitble indicators of the nature of

the adaptive prcblem or problems being solved.



In addition to the effort to interpret variation in
physical properties of grinding stones, consideration will be
given to the impact of modern industrial society on their
presence and use in the currentvethnographic context. This,
again, is done in order to increase the applicability of results
to archaeological contexts where modern industrial influences
are not present.

In the effort to interpret variation in each of the primary
variables--material, mecrphology, and distribution--inferential
statistics will be used where sufficient data exist. This w#ill
be primarily the data obtained through the material inventory
and the structured interviews. Since selection of householas
from which this data was obtained was not based on statistical
procedures, inferences derived from statistical tests nust,
strictly speaking, be applied to the sample only, not the
population from which it was drawn. However, this limitatién
can to some extent be compenstated. First, as already
mentioned, the household samples are felt to be reasonably
representative of their respective viliages. Secend, use will
be made of the comparative method, as discussed below.

Interpretation of the data obtained through observation and
informal interviews a more discursive and inferential treatment
is necessary. Due to the lack of previous research and the
subsequent exploratory nature of the present research, this
discursive apprcach necessarily constitutes a significant

portion of the interpretation.
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When research is largely exploratory in nature, there is a
problea with providing some check on the conclusions and
interpretations. Ultimately this is done through further
research and testing. In the meantime, however, the fact that
comparable data was obtained in two willages by the Coxoch
Ethno-archaeology Project provides the potential for a
comparative approach. Thus, interpretation, as discussed above,
will make use of the data provided obtained from San Mateo,
where the most information on grimndisg stones was collected.
Interpretations based on the San Mateo material will be checked
against the data fronm Agﬁacatenanqo, as well as relevant
information concerning grinding stones in the ethnographic,
archaeological, historic and materials literature. As already
noted, information in the literature is sparse and fragmentary.
However, nuch of it comes from cultural contexts different fronm

that of San Mateo, while Aguacatemango does not.

Data

1%

an Mateo
The village of San Mateo lies high in the Cuchumatane
Mountains, about 75 km from Huehuetenango. Relatively isolated,
the village has only been accessible by road for the past 20
years and retains traditional lifeways in many respects,
particularly in terms of material culture. The present-day
village is built directly on top of a Late Classic site, with a
Post-Classic site a short walk away on the outskirts of the

11



village. At least two other prehispanic sites are reported to
lie within a few hours walking distance.

The primary economic base for San Mateo is the traditional
Mespanerican subsistance maize horticulture. This is
supplemented in a variety of ways, including part-time craft and
service specializations, and wage labor on low-land plantations.
The products of many part-time specialists, such as potters,
carpenters, and hunters, are used within the village. In other
wvords, the community is largely self-sufficient. Outside
sources of income include the wage labor already mentioned, sale
of salt from the local mines {although this is of declining
importance), and some cash crops. |

There are over 600 households in San Mateo, no more than a
dozen of which are Ladigo {kehaviorally associated with the
politically dominant Latin society). Fifty-one households were
sampled for the Project. These included two Ladino househoids,
the poorest household in the village (annual inccme of US$15),
the richest {annual income of ({US$3377), and representatives of
all craft and service specializations.‘

All but five of the households surveyed had one or more
grinding stones, or metates, which were used to grind maize, the
mainstay of the diet. All raize grinding metates were of
basalt, and all were the three-legged or tripodal form (Fig. 1).
¥hile maize grinding was the pripary function of these metates,
other, occasional, uses were reported. Such uses included

grinding roasted beans, achotes {a coloring "spice®), chiles,

12



Figure 1. Tripodal Maize Grinding Metate with Proximal Leg
Placed On Post: San Mateo

13



sélt, and the calcite crystals used as temper in pottery making.
In some households a separate basalt metate was used to grind
coffee and cacao. This constituted a specialized use, or
sometimes reuse, of the basalt metates.

In addition to the basalt metates several households had
other grinding stones, made of quartzite, limestone, |
conglomerate, and a greenstone schist. These were used for
washing clothes, mashing herbs, grinding coffee, salt, and
calcite. Some, recovered from local archaeological sites, were
of a plano-convex form (Fig. 2). The remainder were unshape€d,
other than by use {Figa. 3). Clothes washing stones, while not
generally congidered grinding stones, are included in this |
analysis in part because the wear pattern they develop can be
very similar to that found on other grinding stones.

A total of 120 grinding stones was recorded in San Mateo
during the material inventory. In terms of function, 556% of
these were currently in use as maize grinding metates. All of
these were of basalt (Table 1). The second most conmon use,
accounting for 12.5% of the sample, was coffee grinding. The
majority of these were also of vesicular basalt. Clothes
washing accounted for six percent of the "grinding"” siones found
in households or compounds. Although nearly all of these were
of quartzite or conglomerate, this is probably a biased sanple
in terms of material. The majority of the stones used in public
areas outside the compcunds for scrubbing clothes were of the

local hard limestone. These were generally used near the
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Pigure 2. Prehispanic Plano-Convex Grinding Stone with
Cylindrical Mano: San Mateo. (Scale = 15 cum)

15



Figure 3. Unmodified Boulder Clothes washing Stone with
Use~Wear: San Mateo. (Scale = 15 cm)

16



Primary
Fuanction

Maize
Grinding

Coffee
Grinding

Clothes
¥ashing

Herb
Mashing

Calcite
Grinding

Salt
Grinding

Toys

In
Storage

Total
Material

Table 1. Grinding Stone Fupnction and Material: San Mateo

VB*

57

13

15

100

Qz*

cg*

Material
Ls%* 5Sg%*
1
1 1
1
3 1

Total

G5* Ss*¥ Nr* Function
67

15

15

120

*YB=Vesicular Basalt; Qz=Quartzite; Cg=Conglomerate;
Ls=Limestone; Sd=Sedimentary; GS=Greenstone Schist;
Rr=Not recorded

Ss=Sandstone;

streams and springs where they were found, with the result that

they were not represented in the household inventories.

Stones

used for herb mashing accounted for another five percent of the

sample.

mashing herbs.,

top of the maize grinding table,

17

Many households also made vse of washing stones for.
Other households used a plain wood board, the

or a special wooden trough
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mortar for mashing herbs. Three percent of the recorded
grinding stones were used specifically to grind calcite for
pottery making. Two-and-one-half percent were used for grinding
Salt, and another tgo-and-cne-half percent were used as toys.
With the exception of one slab of sandstone used to grind salt,
the salt and toy grinding stones were all quite swmall. The
remaining 12.5% of the grinding stones were of an unspecified
function, being in storage. Since all were of vesicular basalt,
they presumably were intended either for maize and/or for coffee
grinding. It should be noted that in terms of material and’
shape, the modern basalt metates, irrespective of function,
constituted B82.5% of the sample (Tables 1 & 2). |

San Mateo retains traditional lifeways in many respects,
particularly in terms of material culture. However, increased
contact with the modern economic world since the bunilding of the
road has had some impact. Food preparation patterns, for |
example, have been partially modified by the introduction of
motor-driven corn grinding mills. The first of these appeared
fifteen years ago, and at the time of'the survey there were four
in operation. They were patronized extensively by the wonmen of/
San Mateo. In addition to the motor-driven »ills, 18 surveyed
households had hand-cranked metal corngrinders. HNetal
corngrinders first appeared in San Mateo about twenty years ago,
five years before the appearance of the first motor-driven mill.

Modern technology has had some impact on other grinding

functions, as well, specifically clothes washing and herd

18



Table 2. Grinding Stome Function and Form: San Mateo

e s o o e s

Form
Primary Un- Plano- Kot Total
Function Modified Convex Tripodal Recorded PFunction
Haize ‘
grinding 67 67
Coffee
Grinding 3 12 15
Clothes
Washing 6 1 7
Herb
Mashing 4 2 )
Calcite
Grinding 2 2 4
5alt
Grinding 1 2 3
Toys 3 3
In -
Storage 15 15
Total
Form 12 6 99 3 120

preparation. The irpact on clothes waéhing behavior was
probably minimal. Five surveyed households had scrubboards of a/
sort commonly used in Western Industrial society two or three
generations ago. None of,these were ever seen in use, however.
In addition, a few households (cnly one of which was surveyed)
had concrete water holding tanks, with a flat surfaced scrubbing

basin on one side. The impact of modern technolcgy on the

practice of herbt preparation and use was probably greater.
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compercial medicines were available in the market and were used,
although to what extent is not known. There were also two
sources of modern professional medical care in San Mateo. One
source was'a program sponscred by the Guatemalan government
whereby young decctors were reguired to serve an internship in
native villages, providing free medical care to the viilagers.
Although extensively used, the availability of this service
could be somewhat erratic. There was also a small hospital run
by the Catholic church, which charged a minimal fee for medicine
and services.

Aguacatenango

The village of Agwacatenango, in the southern Mexican étate
of Chiapas, is about 40 km frcm San Cristobal de las Casasa.
Like San Mateo, the primary economic base for Aguacatenango is
traditional Mesocamerican subsistance maize horticulture,
supplemented by part-time craft specialization, wage labor,.and
cash garden farming. Aguacatenango differs from San Mateo
primarily in having a higher dependence on wage-labor as a
source of external income. There are no salt mines in
Aguacatenango, however there is a nearby lake from which some
fish are obtained. There are approximately 250 households in
Aguacatenango, none of which are Ladino. PFifty households were
included in the Aguacatenango sample.

The total number of grinding stones recorded in
Aguacatenango was 131. All sampled households had one or more

modern tripodal metates of andesite, made in Chamula, Chiapas.
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These accounted for 82% of the sanple and were used primarily
for grinding maize. The remaining 23 recorded stones (18%) were
psed specifically for other purposes. These included grinding
calcite (6%) and pigments {1.5%) for pottery making, reuse as
architectural material {paving and stepping stones, e.g.) {6%),
grinding coffee (1.5%), and mashing herbs {(1%). Only one
grinding stone (1%) was recorded as not in use. Of these
special grinding stcnes at least three were made of limestone.
Morphologically they included plano-convex (Fig. 2) forams,
unmodified forms {(Fig. 3), as well as the modern tripodal form
{Fig. 1). Those that were not reused modern metates were
primarily retrieved from nearby archaeological sites. Four»
households also had wooden tobacco mortars. There were no
washing stones, as clothes were washed in wooden tubs, bought in
regional markets.

In Aguacatenango all but three households had metal
corngrinders. There was oné motor-driven mill in Aguacatenango,
although it was not extensively patronized. The Mexican
government also provides fairly reliable medical services to
native villages.

It is clear even from this initial, superficial
presentation of the data that variation in grinding functions
does exist and to some extent covaries with material and forna.
This functional variation is selﬁcm noted in the literature. Of
the few instances where it is mentioned, as in ¥cBryde's

{(1947:47) brief comment that separate grinding stones were used
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for separate functions ir Southwestern Guatemala, mention is

almost never made of material variation.

22



1I. CONSTRAINTS ON THE SELECTION OF MATERIAL FOR GRINDING

STONES

Of the grinding stone attributes that will be treated as
Adependent variables--material, mcrphology, and
distribution--material is one of the more easily and reliably
determined archaeolcgically. Material is therefore the first
dependent variable to be considered from a design theory
perspective. Many of the materials used for grinding stones are
readily available in the area around San Mateo. Limestone, in
particular, is abundant in many sizes and shapes. With the
exception of ‘the vesicular basalt, the other stones are probably
also obtained locally. Vesicular basalt, however, is imported.
The time and energy invested in importing a non-local material
represents an apparent diseconcmy in material selection. 1In
spite of this, the imported material accounts for 83% of the
total sample, and appears to be closely associated with maize
and coffee grinding. Other "grinding" functions are almost
exclusively associated with local materials. There are thus two,
basic questions to be addressed in the analysis of material.
First, what constraints influence the choice of material.
Second, what benefits are gained by the importation of vesicular
basalt that compensate‘for the costs of importation, and what
are the adaptive implicatiﬁns, As stated earlier, these
gquestions will be approached through a consideration of the
constraints, or independent variables, of function, technology,
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and social factors.

Informants were asked on several occasions what material
attributes fhey looked for iﬁ stones for specific grinding
functions- Responses varied, depending on the intended use of
the stone. For washing stones and herb mashirg stones a number
of informants stated that the material attribute of most
importance was, in their words, hardness. One informant stated
that stones which gave off grit were ondesirable. While thig
vas the only mention of material texture, it was observed that
most of the washing and herb mashing stones were relatively
smooth. The attributes of texture and grit may also be
reflected in informants descriptions of the stones as hard,
since the materials used for clothes washing and herb mashing
stones often were not hard in the scientific sense.
Essentially, if the material was "hard" enough, it would not
give off grit. The distinction between stone and wood for herb
mashing seemed to be a matter of personal preference. Those who
used stones claimed that they mashed the herbs more finely,
and/or kept the odor from permeating the house when used
outdoors. Those who used wood arqued that it was cleaner, for
"Who knows what has been on the stones outdoors!”.

The fineness of the ground substance was also noted as
important by those informan£s who used guartzite and
conglomerate for grinding coffee. These materials were said to
give a finer grind. They also did not allow the finely grourd
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aﬁd highly valued coffee to be "lost" in the holes, as vesicular
basalt did. Recovery of the ground material may be of greater
concern for more expensive substances, such as coffee, since it
was repeatedly stated that loss of the ground maize in the
vesicles of the basalt was minimal and not a problem. The
vesicular basalt metates used for grinding coffee werevnot
resharpened {repecked), and developed a distinctive polisha.
¥hether the polish was an organic residue "polish™ or a real
polishing of the stone, it definitely tended to obscure the
vesicles. This may also have increased the fineness of the
grind by altering the texture of the stone, a possibility that
might be tested in the future. |

It has been reported that vesicular basalt does not need to
be repecked or resharpened (Aschmann 1949:685), a characteristic
that presumably would increase its desirablility as a grinding
stone. However, the practice of resharpening or repecking |
vesicular basalt metates was consistently reported in San Mateo.
Usually resharpening was dome with an old, broken machete blade,
axe blade, or hoe blade, although one informant used 4 quartz
pebble, and one used a prehisparic stone celt. %hen all maize
grinding was done on a metate, it was said to need resharpering
about three times a year or more. {(Gne informant stated that
metates were resharpened as often as 15 times a year, but this
is probably an exaggeration.) ﬁith the introduction of the
motor-driven mill, reported resharpening decreased slightly to

about twice a year. Perhaps the most critical point to be npade
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uith respect to resharpening, however, 1s the importance of
another attribute so basic that it tends to be overlooked by
both users and analysts--sharpness in the stone texture. A
sharp--or rough--texture would obviously be a desirable stone
attribute for real grimding. Egqually obvious is that a sharp or
rough texture would be an undesireable stone attribute‘for sone
of the cther "grinding” functions, such as clothes washing and
herb mashing.

Another characteristic of basalt that may be related to its
desirability for maize grinding is that it does not give off
much grit when being used. Perhaps because all raize grinding
was done on basalt metates, the only mention of grit by an |
informant was as an undesirable characteristic of sandstone for
scrubbing clothes. Grit was mentioned by Ramon Ramos, however,
who contrasted vesicular basalt with the andesite of Nahuala,
Guatemala. He claimed that only vesicular basalt did not léave
a gritty residue.

Use-l1life is often an important material attribute, and
use-life estimates were obtained for vesicular basalt ‘metates in
San Mateo. These ranged from 10 to 100 years, with a median of
35 years. HReports of actual ages of metates still in use were
also obtained. The median reporfed age was 20 years, with a
range from one to 100 years (Table 3). Although informant
estimates of this sort are often subject to some inaccuracy, the
two sets of estimates are suvfficiently similar to suggest that

expected use-life estimates are probably fairly reliable.
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Table 3., Use-Life Estimates* and Reported Ages of Basalt
Metates and Manos: San Mateo and Aguacatenango

No. of Households Reporting
Ho. Use-Llife Reported Reported Use-Life Reported

of Estimates Ages of Ages of Estirates Ages of
" Years j of Metates: Metates: of Hanos: Manos:
Metates: San Hateo ‘Aguaca- San ¥Mateo 5an Hateo

San Mateo tenango
1 - 2 0 1 1 0 2
3 0 2 1 1 2
4 0 1 2 0 1
5 0 2 3 0 3
6 0 0 4 5 0
7 0 T 0 0 1
8 0 2 1 1 2
9 0 0 0 0 0
10 3 5 3 2 &
15 4 1 2 ) "2
20 3 4 7 11 3
25 3 0 1 1 1
30 2 4 2 2 -5
35 i) 2 1 1 2
40 2 ) 1 0 1
45 1 1 1 0 0
50 2 1 6 0 1
55 1 0 0 1 0
60 3 0 0 2 0
65 0 1 0 0 1
70 ] 0 0 0 0
75 2 0 0 0 0
80 1 0 0 0 0
85 0 0 0 ] 0
90 0 0 0 0 0
95 0 0 0 0 0
100 k] 1 2 1 0
37 33 38 32 33
Med. 35.0 20.0 20.90 20.0 10.0

¥Prior to the use cf modernr grinding technology.

Furthermore, from a @ser-oriented perspective the use-life
estimates suggest that a metate could reascnably be expected to

last abouat the adult lifetime of a usera.
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During the course of discussing the use-life of metate
stones with users, it was discovered that there were two grades
of basalt which were distinguished because of differences in
expected use-life. The preferred grade of basalt, called
#"black™ stone {a dark, low-vesicular basalt), was considered
superior because it was harder and therefore lasted loﬁger‘ The
inferior grade of basalt, referred to as "white" stone
{containing more small vesicles, with light crystal coatings)
was cheaper, but was also softer and 4id not last as long. The
differences in use-life characteristics of different stcnes was
corroborated by Ramon Ramos. According to him, use-life was
highly correlated with stone hardness, with softer materiais
lasting about 15 years. He estimated that harder materials
could last anywhere from 30 to 100 years, depending on the care
with which they were used. The distinction between grades of
basalt may account for the rather extreme range of use—lifé
estimates, reflecting differing expectations for different
stones. Furthermore, it supports the importance of use-life as
a material attribute, since this was the basis for evalnating
the basalt. One informant stated that there was no difference
in the grinding ability of the two types of stone.

In sammary, the functional constraints on material
selection for grinding stones include whether the substance to
be processed on the stone will be actually ground, as opposed to
mashed or rubbed; the undesirability of grit as a by-product of

use; and the desired fineness of the ground product. In
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addition, full recovery of the ground product may sometimes be
important, particularly for precious products such as coffee;
and an extended use-life seems to be important for the
economically important maize grinding metates. The actual stone
characteristics mentioned by informants as being related to
these constraints included hardness, color, and, indirectly,
texture. Of these the definition and perception of color and
hardness are highly culture bound, as in informant descriptions
of limestone as hard, and the lccal distinction between "black¥
and "white" vesicular basalt. Stone texture, along with other
attributes such as resistance to abrasion, appear to be nore
closely relateg to functional constraints and will be considered

more fully belovw.

Technological Constraints Suggested by San Mateo Data

Obtaining information from residents of San Mateo
concerning technological constraints on material selection was
not possible, since no one there mansfactured grinding stones.
Hhete locally available materials were used, they were largely
unrodified. However, Ramon Ramos provided considerable
informaticn concerning the working of vesicular basalt, which in
many instances may be extended to other materials.

Ramon Ramos stated that the primary stone characteristic he
looked for was resistance to breakage (in his words, "heart®).
Tt was also necessary for thevmaterial being worked to be |
msofter® than the tools used to work it. He said that the
higchly vesicular {"white") material was the easiest to work, ard
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wa$ less likely to break. Ramon Ramos' preference for the
"wyhite" stone presents a direct conflict between functional and
technological constraints, since this material was considered
inferior by users. Ramon Ramos also differed from users in that
he did not categorize materials as simply good or bad, but
seemed to regard them more in terms of a continuum. He had a
tendency to regard each sample of stone as unique, based on the
relative ease with which it could be worked and the potential
risks that might be encountered in working it.

Another possible consideration in material selection is the
trauma inflicted on the worker's hands in manufacturing a
grinding stone, and the need to develop tough hands. While ihis
might not ordinarily be considered a technological constraint,
it is probably just as important as the acquisition of
technological knowledge and skill. Specifically, without the
development of appropriately toughened hands an individual Hbuld
probably have to treat the process of shaping as part-tine,
piece meal vork. Under these conditions there would probably be
an even greater preference for softer, éasier to work,"
materials.

In summary, the most important aspect of technological
constraints on grinding stome material selection is that they
appear to be antithetical to functional constraints.
Technological concern for material resistance to breakage,
workability of the stone, and reduction of trauma to the hands

all leads to a preference for a softer material. PFunctionally,
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however, the harder materials are considered better.

Social Constraints Suggested by San Mateo Data

At first glance social factors would appear to have little
influence oﬁ the choice of material for grinding stones,
éspecially since much of the variation in material can be
explained by variation in function. The effect of craft
specialization and a market economy, or the social organization
of production and distribution of modified materials, does have
some impact, however. The most obvious effect is that the
regional market economy increases the range of materials
available, so that residents of San Mateo are not totally
restricted to what is locally available. At the same tinme,
craft specializaticr and subsequent marketing may impose sone
more subtle limitations on material availability, as suggested
by two San Mateo informants. One informant, who was very thrift
conscious, complained that metates made of the cheaper material
were difficult to obtain. The other informant, on the other
hand, stated that metates made of the cheaper material were
easier to obtain than the better, more expensive ones. There is
a possibility that some seasonal varition exists in the
availability of materials, as Ramon Ramos' production and sales
are to some extent tied to thé'occurreace of local festivals and
the migration of workers to the lowlands. Unfortunately, no
information is available on the relative gquantities of differént
grades of basalt or seasonal variation in their availability in
the Huehuetenango market where the majority of San Mateo
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résidents currently buy their metates. The comments of the two
informants do suggest that both minor and major variation in
material availability and use might be affected by the
socioeconomic organization of production and distribution.
Before such a possibility can be fully explored, however, there
needs to be greater recognition of the occurrence and iméortance
of material variation.

Another possible social influence on the choice of material
is in the use of greenstone schist for one herb mashing stone.
The stone occurred side by side with a clothes washing stoné of
quartzite. Since washing stones and herb mashing stones were
often used interchangeably, the presence of two different sﬁones
suggests some redundancy, or a diseconomy of time and energy in
procurement. The ideological and ritual importance of
green-colored stone throughout prehispanic Mesoamerica is well
known. Within this traditional context there may also havevbeen
a weak association of the color green with the general concept
of health (Boys 1965:xvi). Although the specific nse of the
greenstone schist for herb mashing in San Mateo may simply have
been an individuwal aberration, it may also have reflected that
particular housekold’s adherence to a traditiomal world view,
including belief in the syambolic efficacy of green-colored

stone.

Comparisons of San Mateo BResunlts Hith Data From Qther Sources

The majority of constraints on the selection of grinding
stone materials suggested by the San Mateo data were related to
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the intended function of the stone. They included whether or

not the substance to be processed was to be actually ground, the
desired fineness of grind, resharpening need, extent of
use—life, presence of grit, and recovery of ground material.
Ethnegraphic, historic, and archaeological accounts tend to
support the relevance of these constraints. |

Functional Constraints

An excellent archaeclogical sxample of the variation of
grinding stone function and material comes from the Papagueria,
in the American Southwest., Vesicular basalt was imported to
saguaro collection camps, where metates were made and used to
grind the seeds of the saguaro fruit, which have a high oil>
content. In contrast, sandstcne and gquartzite metates were
found ir organ pipe cactus collection camps. These were used to
grind the organm cactus seeds, which were first dried and parched
{(Goodyear 1975:84-88, 104, 185-187). In other words, althoﬁgh
cactus seeds were being ground in both instances, the nature and
consistency of the seeds was radically different in the two
cases and apparently justitfied the use of different grinding
stone materials.

The importance of grinding, as opposed to rubbing or
mashing may be noted in historic millstones which were often
grooved, partly to insure that the grain was cut rather than
crushed (Moritz 1958:37). Similarly, early Canadian nmillstones
used for grinding were often imported from France in part

because the French stcnes were paturally sharp in texture (Leung
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1981:38).

Pineness of grind as a concern 1s apparent in the American
Southwest and in historic milling technology. In order to
obtain meal of sufficient fineness the Hopi used three grades or
textures of sandstcne for their grinding slabs (Bartlett
1933:4) . Stone texture, or grain size, is one way of
controlling the fineness of the ground product. Another way,
more commonly used in Furope and the historic New World, is to
sift the ground product (Storck and Teague 1952:53; Leung
1981:44-47).

With respect to resharpening, Russell (1908:108) notes that
the Pima resharpen their grinding stones, made frcm a coarse»
grained local material, with an axe or a stone of similar shape.
Unfortunately, he does not meation frequency of resharpeninge.
Bartlett (1933:4) notes that the sandstone nmnetates of the Hopi
are resharpened every five days with a hammerstome. This is.not
strictly ccmparable with San Mateo, since mpaize in the Southwest
is not precooked {Nelson 1981:110) and three different grades of
sandstone are used to complete a single‘grinding {Bartlett
1933:4). It does suggest one possible extreme in resharpening
frequency, however. Baja California is at the other extrene,
where it was reported that vesicular basalt metates were not
resharpened at all. Here however, their primary use wvas
apparently for grinding coffee, not maize (Aschmann 1949:683).
As noted for San Mateo, when a separate basalt metate is used

for grinding coffee, it is not repecked or resharpened. In
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preéent day Gcozoccautla, Chiapas, metates are apparently
resharpened only once every year or two (Clark 1980:56). This
may be influenced by the use of modern metal corngrinders to do
the first, rough, grinding of the maize, with the result that
there is less wear on the metate. Historic millstones were also
resharpened, the frequency varying from once every few déys to
as often as every day, depending in part on the type and extent
of grinding being dcne {Runnels 1981a:245; Leung 1981:98). 1In
modern commercial contexts, the problem of resharpening is
avoided by using--or more often manufacturing--a stone where 'the
bonding strength is such that grains tend to break free at about
the time they become dull (Brady 1971:378). |

An overt concern for the use-life of grinding stones as a
factor in material selection is mcst explicit in references to
historic milling stones (ieung 1981:38; Runnels 1981a:62). It
is also mentioned as one of the criteria influencing material
selecticn for the maize grinding metates made in Chamula,
Chiapas, and in Oaxaca (Pozas 1959: 100; Cook 1981:Vv-12). Actual
use-life estimates of grinding stones are rare, and dc not take
intc account material variaticn. Cook gives an average of
fifteen years for granitic petates in Oaxaca (Cook 1970:785),
while Aschmann gives estimates c¢f fifteen and twenty years for
vesicular basalt metates in Baja California (Aschmann
1949:685,686). Use-life estimates of andesite metates in
Aguacatenango are not available, although the reported ages of

metates still ip use ranged from ope to 100 years, with a median
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of'2O years {Table 3)a. This is the same as for the vesicular
basalt metates of San Mateo. Bartlett does not give use-life
estimates for the Hopi sandstone grinding slabs, although she
mentions that obtaining new sandstone material is ar annual
women's ritual (Bartlett 1933:14), suggesting that the‘use—life
may be relatively short, perhaps only a few years.

Undesirability of grit in the ground product has been
mentioned in connection with both Roman and historic commercial
millstones (Storck and Teague 1952:vi; Runnels 198la: 143; Leung
1981:38). It has also been noted elsewhere in the Maya area
{Hayden in press:24). For the remaining functional constraint,
recovery of g;ound material, there are no references in the
literature, suggesting, as did the San Mateo informants, that
this may only rarely be a significant concern.

Technological Coastraints

Turning to the technological constraints on grinding sﬁoae
raterial selection, it will be recalled that the "softer™--and
less durable--material was easier to work, and less likely to
break. The metate makers of Oaxaca aléo prefer working softer
material, which they can judge by the lesser feeling of shock in’
response tc striking it {Cock 1973:1500). This stone is less
desirable from the user’'s perspective because it is less durable
and needs more freguent resharpening. Apparently, however, not
all buyers are aware of the more dqrable stone {Cook 1981:Vv-12,

13) . Pozas' description of material selection by Chamula metate

makers mentions the two constraints of function and technology.
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There, potential material sources are tested to determine how
easily they break, and also their ability to withstand the wear
of grinding (Pozas 1959:100). Unfortunately, he does not
mention whether the two attributes conflict, and if so, which is
given greater importance. PRunnels (198171a:62) also mentions both
workability and durability as important constraints on selecting
stone materials for Greek milling stones.

Social Constraints

The effect of social organizationm in the form of craft
production and regional marketing on grinding stcne material’
selection can be seen throughout much of Mesocamerica. The maize
grinding metates used in Aguacatenango are manufactured of |
andesite in Chamula, which supplies the metates used throughout
the Tzotzil area (Laughlin 1969: 162--although Laughlin refers to
them as basalt). In Baja California, the vesicluar basalt
metates of one craft specialist may be found up to 250 miles.
away {(Aschmann 1949:685). In southwestern Guatemala there are
only two active metate production centers: Malacatancito, where
basalt metates are made, and N¥ahaula, where netates are made of
andesite (McBryde 1947:61). In Wisdom's discussion of Eastern
Guatemala, metates were manufactured only in Jilotepeque,
Jalapa. These were made of granite and widely distributed
{Wisdom 1940:24). VWhere craft specialization occurs, the
materials used appear to be basalt, andesite, or granite,
depending on regional availability. In contrast, sandstone is

used among the Hopi, where grinding stone production is
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apparently not a craft specialization. According to Bartlett
(1933:14) , the women are aware of and prefer vesicular basalt,
however sandstone sources are closer to the village and material
procurement has been incorporated into a women's ritual. Among
the Pima, as well, metates are made by owners from a local
coarse grained material. Prehistorically, however, thé Hohokam
imported vesicular basalt metates into the same area {Russell
1908:109). The effect of social organization on material
selection pay also be seen in the 01d World. In Bronze Age
Greece there was a shift from local materials (sandstone) to
imported materials {andesite) which occurred concurrently with a
shift to specialized production and regional rather than loéal
distribution {(Runnels 1981b:3).

References to green colored stone used to mash medicinal
herbs do not occur in the ethnographic literature. This may
indicate that the San Mateo example was unigque, or--more |
likely--may be a result of the paucity of ethnographic interest
in special use grinding stones. Green metates, although rare,
are found archaeologically, usually in Late Classic contexts
(Coe 1959:34; Hammond 1975:344; Kidder 1947:33; Thompson
1939:173). Unfortunately, contextual information other than
chronology is usually lacking. One exception is the greenstone
metate found at Seibal. It occurred in association with a
fragment from an alabaster vessel at the edge of a smali mound
that was part of a household copmpplex {Tourtellot 1970:412).

Tourtellot suggested that this may have been used for grinding
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pigments, although no traces remained. Only cne other "private"
mound was found during excavation of the residential area for
Seipbal, and this was a burial mound.

Modern Materials Data

Comparative data concerning constraints on material
selection is available from modern industrial society és vell as.
the ethnographic and historic sources referred to above. ¥ithin
the context of modern technology, functional constraints on
stones used for grinding or abrading include the desired
fineness of grinding, durability {(use-life), resistance to '
dulling, efficiency {productivity), hardness of the substance
being ground{,aad uniformity of grinding and wear {(Brady |
1971:4-6, 378, 515). Fortunately the relationship between these
constraints and a number of material attributes is fairly well
known. The attributes éenerally considered important include
mineral grain size, grain hardness and fracture characterisiics,
strength of grain bonding, and graian spacing or structure.

Grain size is related to the desired degree of fineness of
the ground product, with the smallest grain sizes used for
polishing (Brady 1971:6). Grain size may also be related to
durability, with finer-grained stones tending to be more durable
{(Murphy 1957:93, 340-341). Grain hardness is also matched to
the substance being processed, with the harder grained stones
used for harder substances. For ﬁodern abrasive materials the
distinction between hard and scft appears to fall at about 6 on

the Mohs scale, with the softer abrasives used primarily for
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polishing. The stones considered desirable for milling cereals
are generally harder (Brady 1971:4-6, 515)a

Fracture characteristics of the stone grain are mentioned
primarily in the context of resistance to attritiom prior to
dulling (Brady 1971:6), although presumably they would affect
sharpness as well. Grain bonding is also important fof
durability of the grinding stone. The bonding should be strong
enough to withstand the pressures to which the stone is
subjected during use and to resist excessive attrition. At the
same time it should not be too strong, as the retention of °
dulled grains results in the dulling or glazing of the stone.
The problems of glazing are apparently particularly criticai for
sandstone (Brady 1971:6, 378).

Grain structure affects the amount of material that camn be
processed in a given time, with a porous or open cellular
structure giving freer cutting. An open cellular structure.
seemns to be characteristic of the most desirable stones for
milling cereals {(Brady 1971:5, 515). It is also of particular
importance for the efficient grinding of relatively soft or
“rubhery" substances, such as cereals with a high moisture
content (Leung 1981:40).

Finally, for modern industrial users of grinding stones
uniformity of graim size and hardness are considered extremely
desirable. Uniformity of stone material insures both more even
grinding and more even wear of the grinding stone. In fact,

rather than being made of natural stones most grinding and
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abrasive stones today are manufactﬁred in order to insure
uniformity of grain size and hardpess (Brady 1971:4, 377, 378,
513) .

The ability to evaluate the workability of stone materials
is as important to modern sculptors as it is to makers of
grinding stones. Among the stone properties sculgtors‘consider
are the presence of flaws, hardness, texture, and brittleness
{the tendency of the material to shatter) {Rich 1947:268, 214,
269). ©Of these properties the freedcm from flaws, such as
cracks, veins, or stratification is considered most important.
These flaws are said to result in "dead" stone, which gives off
a dull sound when struck {(Rich 1947:269). Hardness of the étone
is determined primarily by the bonding of the grain or crystal
structure. As the strength of the bonding increases, the stone
becomes harder and more difficult to work. Stones of igneous
origin are generally among the hardest materials, although ihe
hardness of granite may vary considerably depending on the
quartz content, crystal size apd structure. Some sandstones,
with a highly siliceous cementing matrix, may also be -guite hard
{Rich 1947:268, 270, 214, 221).

Texture of the stone material is its superficial
appearance. Texture is determined by the grain or crystal size
and arrangement, including the compactness or porosity of the
grain structure (Rich 1947:268). Uniformity in texture is nore
important to sculptors than the actual grain or crystal size, as

uniformity reduces risk to the carver, whose skill depends in
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paft on the development of a consistent, uniform approach in

- handling stone material. Sandstones are often difficult to
carve because of irregularities in texture and hardness. More
porous materials may sometimes be easier to work, but are
generally not used by sculptors as they do not take a good
polish. Among sculptors uniformity of texture is consiﬁered
more critical than relative softness (Rich 1947:214, 218-222,
225-226, 269).

Brittleness of stone materials is a complex property,
resulting in part from microflaws in the material. These flaws
may be inherent in the stone, or may result from weathering. 1In
general, smaller grained, more compact materials are less api to
be brittle. Granites are particularly susceptible to brittle
failure, particularly those with a high mica content (Rosenthal

& Asimow 1971: 124-127; Murphy 1957:380-342; Rich 1947:241).
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This section on grinding stone materials was begum with two
questions, what constraints influence the choice of material for .
grinding stones, and what benefits compensated for the costs of
importing vesicular basalt. W®hile all constraints appear to
have some influence on the choice of material, the importance of
function appears to be the strongest. It cannot be repeated too
often that variation in thevgrinding function does exist. Thé
substances being "ground" may vary in hardness and in moisture
content. They may vary in whether they will be ground, rubbed,
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mashed, crushed, or polished, and how finely. As well, the
volume, or quantity of a substance to be processed can vary, as
can the frequency of processing. Variation in the grinding
functiorn will be reflected to some extent in the choice of stone
material, particularly its texture and hardness. As the volume
of processing increases, the influence of the grinding’function
on choice of stone material will also increase.

The influence of technological constraints on grinding
stone material selection appears to be considerably less than
that of functional constraints. However technological
constraints do exist: materials vary in the ease with which they
can be worked and in their susceptibility to failure. The“
effect of technological constraints seems, however, either to be
the introduction of minor variation in material selection (as in
the preference of metate makers for the "softer" igneous
stones), or to be a reflection of social constraints (as in.the
extensive vse of igneous materials by craft specialists as
opposed to the use of available sedimentary or metamorphic
materials by non-specialists)a.

The effect of social constraints on grinding stone material’
selection, like the effect of technolugical constraints, appears
to be relatively minor and perhaps indirect. It may sometimes
refiect some sort of identitification with a socially limited
belief system, as in the choice of greenstome for an herb
mashing stone. It is more likely, however, that the sffect of

social constraints on material selection reflects the social
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resolution of conflicts in other constraints, such as the

conflict between functional and technological constraints. This
resolution, in turn, reflects the nature of the adaptive problen
or problems being solved.

Explaining the use of vesicular basalt was the second
question posed at the beginring of this section on material
selection. In particular there was the guestion of what
benefits would compensate for the costs of importation. At
least three benefitsseer to be associated with the use of
vesicular basalt. These benefits are, first greater grinding
efficiency in processing the relatively soft and moist
pre-cooked maize; second, increased efficiency in processin§
large quantities of maize irrespective of its moisture content;
and third, increased dependability of the grinding stone as a
result of its longer use-life and reduced resharpening needs.
The fact that these benefits are of sufficient importance tb
justify the expense of importing stone reflects the importance
of maize in the local diet. As maize or other grains increased
in importance in the subsistence ecoacﬁy more would be
processed, on a more regular basis. This would result in an
increased amount of time spent grinding, increased use-wear on
the stone, and increased stone procurement requirements. All
these factors would increase the desirability of a more
efficient and more durable material, such as vesicular basalt.
However, this alone does not seem to be sufficient to result in

the importation of vesicular basalt in all situations, such as
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among the Hopi in the American Southwest. Aaddition of the third
factor, precooking maize so that it is soft and moist, may be
even more critical. Similarly, processing of a relatively soft,
moist or oily substance, the olive, may have been a critical
factor in increased use of andesite in Bronze Age Greece
{RBunnels 1981b:3-4, B6).

The stone properties associated with these benefits include
the vesicular texture, or porous structure, and the material
hardness. The porous structure increases the amount of material
that can be ground in a given time, is resistant to polishing or
duliing, and increases the ease of grinding soft, moist,
precooked maize. The hardness of the stone and.its resistaﬁce
to dulling would both inc:ease its use-life as a grinding stone.
This same hardness, however, is technologically undesirable,
resulting in a conflict of constraints. That there will be
conflicts in constraints is a prediction made by design thedry.
As further predicted by design theory the resolution of such
conflicts will depend on the cultural context and the nature of
the adaptive problem being solved. Thé increased demand based
on functional benefits may be a necessary condition for the
importation of igneous materials. The increased technological
difficulties of working igneous stone may be eased by the
development of craft specializaticn. Thus, the development of
craft specialization may, in this instance, represent a
socioecononic resoluticn of conflict between technological and

fanctional constraints in a context wmhere the functional
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constraints represent a major adaptive problen.

Another situation where material choice which may indicate
response to an adaptive problem is the preference for a finely
ground product. A finely ground meal may be important when it
will be cooked by baking rather than boiling, as this allows a
quicker, more even cooking. A baked product is both mére
portable and has greater storage potential {Moritz 1958:145,
152), factors which are likely to be important when the product
is the mainstay of the diet. gQuickness of cooking may also be
important in an area where fuel is limited or difficult to
obtain. Even where the ground product is to be boiled or
steeped {as cpffee or an herbal tea), a more finely ground ér
mashed product will cook more guickly, and with more flavor.
The opposite situation, where fineness of the grind may be
undesirable, is suggested by Colson (1979:25) in her discussion
of adaptive strategies in Africa. She states that the grinding
stone is used rather than the wooden mortar in times of famine
because the grinding stone does not remove the bran from the
meal and thus provides a coarser but bﬁlkier neal.
Unfortunately, the situaticn with respect to mortars énd
grinding stones is considerably more complex than she implies.
¥ood mortars are or have beenrused in Africa, Asia, and probably
pre-industrial EBurope to dehusk grain prior to grinding it.
Wood 1s used for dehusking mortars in order to minimize breakage
of the grain before it is ground, making it easier to separate

the bran and the grain {(Moritz 1958:xxvi, 25,27; Kraybill
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1977:489, 492-3). Thus mortars and grinding stones serve very

different functions and are generally not interchangeable. In

many irpstances, as is almost certainly the case in Colson's
example, they are both present and both used, at least in times
of plenty {Moritz 1958:21-24; Goodyear 1975:165ff).

Colson's point, however, concerning the distinction betseen
fine and coarse meal and its adaptive implications is well-made,
and can, in fact, be extended. %here fineness of grind can be
demonstrated to be a deliberate choice it appears to imply a
condition of plenty of one sort or another, whether the plenty
of an adequate subsistence base {as in Colson's example, and the
example of baking), or the plenty associated with high sociél
status in a hierarchical society. The later condition prevailed
in Roman {and much more recent) times, when fine-grained white
bread denoted higher status (Moritz 1958:xx). In the Maya area
the maize for atole, with its ceremonial use and associatioﬁs,
pust also be finely ground.

The relative importance of artifact use-life as a
constraint in material selection may véry with both functional
and socioeconomic context. The effect of functional context in
the importance of use-1life may be seen in San‘ﬂateo, in the
difference between special purpose grinding stones and maize
grinding metates. The special purpose grinding stones are used
on an occasional basis to process substances of minor importance
to the subsistence ecoromy. Both because of their limited use

and their limited econoric importance, use-life is not an
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important consideration for these stones. This, in turn, allows
the procurement economny of local materials which would provide a
relatively short use-life under conditions of extensive use.
The maize grinding metate, on the other hard, is used
intensively and extensively to process the major item of
subsistance. Dependability of the stone, the assurance‘that it
will be available and ready for use as needed, is critical.
Extending the use-life of the stone is a major means of
increasing that dependability. It will be recalled that the
more highly valued "black™ vesicular basalt was preferred
because of its extended use-life, not because of its better
grinding ability. o

The effect of socioeconomic context on the relative
importance of use-life may be seen in a comparison of San Mateo
with modern industrial society, which suggests that the
importance of functional dependability, or use-life, even fbr an
econcmically critical artifact, may vary with the extent to
which a society remains self-sufficient. While San Mateo does
participate in a regional market system, it remains relatively
self-dependent econcmically. By contrast our own society is
highly interdependent, and the planned obsolesence of most
household artifacts is considered essential for the maintanence
of the economy. Often "moderness" is considered a nore
important attribute than an extended use-life for these
artifacts. At the sanme time it is interesting to note that

dependability of tools is a majcr concern of modern-day
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homesteaders who are are attespting to return to a more

traditional, self-reliant life style.

Throughout the discussion of materials use has been made of
generally accepted geclogically defined categories such as
basalt, gquartzite, and sandstone. However, one of the important
conclusions to be drawn from both informant comments and modern
technological data is that choice of material for both user and
manufacturer is based on material attributes or properties that
have a more direct tearing on function and manufacture. These
attributes, for grinding stones, include grain size and
arrangement or structure, grain bonding and hardrness, brittle
strength, and freedom from flaws. Grain size and arrangemeﬁt in
combina tion result in material texture. Although all attributes
have some bearing on the suitability of a material for use as a
grinding stone, texture seems tc be the most critical. Texture
is related to the degree of fineness of grind of the ground.
product and its efficient processing both in terms of volume and
moisture content, resistance to dulling and durability of the
stone, the ease with which the stone méy be worked, and its
use-wear characteristics. Encouragingly, from an archaeological/
perspective, variation in texture is often visually perceptible,
and an initial assessment may cften be easily made.

This section on constraints on material selection for
grinding stones can be concluded uith a number of summary
statements. It would seem that paterial selection is guided

primarily by functional constraints, such as the nature of the
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substance to be processed, the amount to be processed and the

subsequent desired efficiency of processing, desired fineness of

the ground product, and durability of the stone. 1In order to
meet these constraints attention is paid to those material
properties of particular relevance to the intended function,
such as texture and hardness. The relative strength of
ipdividual constraints may vary, and there are likely to be
conflicts between constraints. The resolution of conflict is
apt to depend on the importance of the specific grinding process
in the economy and the nature of the adaptive problem being
solved, as well as in the alteration of the relative importance
of one or more of the conflicting constraints in conjunctioﬁ
with socioeconomic change such as the development of craft

specilization.

59



III. CONSTRAINTS ON THE MORPHOLOGY OF GRINDING STONES

Morphology is another grinding stone attribute often
available afchaeologically and is therefore the next dependent
vériatle to be considered from a design theory perspective.

In San Hateo the simplest grinding stones were for the most
part unmodified (Fig. 3). These constituted 12% of the sanple,
and were nsed primarily for washing clothes and mashing herbs
{Table 2). Their selection for use was influenced in part by
their natural shape, particularly the presence of a relatively
flat surface. The prehispanic grinding stones, which
constituted 5% of the sample, were plano-convex in shape (Fig.
2). In the present situation these were most commonly used for
grinding coffee. Given the lack of data concerning variation in
grinding stone function now and in the past their original use
is unknown. The modern vesicular basalt grinding stones, or
metates, accounting for 82% of the sample, were the only
grinding stones which had been modified in the mocdern context.
They were tripodal (Fig. 1), with two feet at the distal end and
a slightly longer foot at the proximal end. The grinding
surface was rectangular, flat, and slightly sloping due to the
differential height of the feet. There was no rim. The
handstone,(or mano, used with the maize grinding metate was a
long, cylindrical stone, tapéring slightly towards the ends, énd
longer than the width of the metate. In theory the metate and
its mano constituted a set, since they were made to fit
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together. 1In reality, this was not always the situation,
although manos were always of basalt and always longer than the
width of the metate. Where manos were used with grinding stomes
other than the tripodal metates no effort was made to match
grinding stone and mano in terms of material {Fig. 2). These
manos tended to be whatever was readily available, inclﬁding
modern manos, fragments of modern manos, prehispanic manos, and
river cobbles. They also tended to be shorter in length than
the width of the grinding stone (Fig. 4).

The intentional modification of raw materials to form
artifacts involves an expénditure of time and energya-
Presumably, the more complex or detailed the shape, the greafer
the time/energy expenditure. Where the raw material undergoes
little or no modification, consideration is usually given to the
natural form of available materials as part of the selection
process., While this constitutes a technological coastraint bf
sorts, it is a relatively minor constraint. In San Mateo when
locally available materials were used, they received little or
no modification. In terms of the energj, time, and risk
involved in selection and production these and the
archaeological grinding stones are economical in both form and
material. In contrast, the ;mported tripodal maize grinding
metates are complex in form and represent a significant
procurement and technological diseqonomy when compared with
simpler forms. The following analysis of form will therefore

focus on two gquestions. First, what constraints influence the
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Figure 4. Prehispanic Manc of Ccocnglomerate (foreground) and
Cylindrical Mano {background): San Mateo. {Scale = 15 cm)
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form of grinding stones? Second, what specific constraints can
account for the tripodal netate form fcund throughout
Mesocamerica and only in Hesocamerica? As before, the independent
variables cr constraints to be considered will be function,

technology, and social factors.

Functional Constraints Suggested by San Mateo Data

Observations of metates in the context of use suggest a
number of functional constraints on grinding stone morphology.
In San Hateo maize grinding metates were placed on a special
grinding table whick allowed the woman to stand while grinding.
The natural siope of the grinding surface was sometines
increased by placing the slightly longer proxim;l leg on a post
{Fig. 1). The slope of the grinding surface of metates in use
ranged from four to 40 degrees with modes at 9-10 and 15-16
degrees {(n=35). ¥Women generally claimed that this slope made
grinding easier. ¥Water was used in grinding maize and
contrelling this water was a major problem. Excess water ran
off the metate onto the grinding table and from there to the
dirt floor. A wooden trough or broken, but useable, large
ceramic vessel was generally placed along one side of the
grinding table to catch maize grinding water. In addition, many
households had couétructed éﬁall drainage channels from the area
around the gtinding table to the exterior of the house. Even
so, the floor surface arouad the grinding table was usually |
rather soft and muddy. Often, a stone or wood block had been
placed next to the grinding table, allowing the woman to avoid
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standing in the mud. In addition, the block allcwed the woman
to stand at a height sufficient to reach the far end of the
metate comfortably. It was at the distal end of the metate that
the greatest torce was applied in the grinding motion. Perhaps
because the maize was ground moist, there seemed to be little
difficulty in keeping it on the metate while grinding.v

Use of the tripodal metates for grinding coffee seemed to
follow two patterns. A number of women placed the metate on a
small table and used it in much the same manner as described
above, except that coffee was ground dry. Because of this it
had a tendency to spillkbver the sides of the metate. #hen this
happened it was easily scooped up from the table surface ana put
back on the grinding stone or into a container. 1In the second
pattern of use, the woman placed the metate on the floor,
kneeling to grind. One woman observed grinding coffee in this
fashion had placed a number of small dishes around and sligﬁtly
under the edges of the metate to catch any spillage (Fig. 5).

The above examples suggest two sources of functional
constraint on metate morphology. One'is a concern for increased
human energy efficiency, as reflected in increased ease of ’
grinding from placing the grinding surface at an angle. The
importance of improving the emnergy efficiency of maize grinding
nmetates can be understood when the amount of time spent grinding
prior to the advent of European a;ternatives was probably three
hours per day or more {(Table 4). Where maize was not precooked

prior to grinding, the time requirements were undoubtedly
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Figure 5. Woman Grinding Coffee on Tripodal Metate Placed
on Floor with Containers to Catch Spillage: San Mateo
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Table 4. Time Spent Grinding Maize: San Mateo

Reported Tinme Using Metate Only: Using Metate and
To Grind Maize No. of Households Motor-Driven Mill:
{In Hours/Day) Reporting No. of Households

; Reporting
0.00 0 1
0.25 0 1
0.50 0 1
1.00 0 2
2.00 1 0
3.00 3 0
4.00 1 0
5.00 0 0
.00 1 9

6 5

significantly greater. The second constraint on grinding stone
form suggested by the San Mateo examples is a need to contrél
the material being ground and any potentially messy or
undesirable by-products, such as water.

It has been suggested that the slope of the grinding
surface allows the woman doing the grinding to "put her back"
into the grinding motion, increasing the weight on the mano and
therefore on the grain (¥Wisdom 1940:88-89; Moritz 1958:29).
However, grindirg involves cutting or Shearing, not crushing,
and extra weight does not improve the efficiency of grinding
(White 1962:108). The distinction between grinding and crushing
is particularly applicable to maize and coffee, which are
primarily ground rather than crushed. Thus, the benefits of
"putting one's back" into the grinding motion is not likely to
to be in terms of the actual grinding. It is more likely that

it is the change in body motion itself that is important.
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According to human factors engineers, for a task that is both
repetitive and time consuming, fatigue will be considerably
reduced if motion is distributed about the body rather than
concentrated 1n one part. For motions using the arm this means
including the shoulder in the arm movement (Damon et al
1966:294) . Thus, "putting one's back™ into the grinding motion
would be a more efficient use of human energy because it would
be less tiring.

Placing the surface of a grinding stone at a slope would
provide a physiological advantage for the person doing the
grinding. It would also provide soﬁe mechanical advantage as
well. This can perhaps best be visualized in terms of eaeréy or
force vectors. Assuming for the moment a level grimnding
surface, the person doing the grinding must apply force
downward, to achieve contact between the upper and lower stones.
In addition, force must be applied in a forward motion, movihg
the upper handstone along the lower stone. The two forces are
perpendicular to each other, and will counteract each other,
resulting in a minimally efficient ratio between enerqgy expended
and results. By placing the grinding surface on a slope-—-at an
intermediate angle between the two required directions of
force--the same force,used to increase contact between upper and
lower’stonés will also move the upper stone across the lower
stone. Thus, more of the energy egpended by the person doing
the grinding can be utilized. Furthermore, if the angle of the

forward thrust is slightly greater than the slope of the
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grinding surface, mninimal force will be applied at the beginning
of the stroke, and mazimum force at the end of the stroke. Both
effects would be desirable, the first to insure that the grain
is ground {sheared) rather than grushed, the second to act as a
break to the forward motion. Here again, the use of the entire
body as a brake would be less tiring than a specialized motion
of a limited set of muscles.

The second constraint on grinding stone morphology
suggested by the San Mateo observations was a need to control
the substance being ground and any by-products of the grinding
process. The legs on the tripodal metate may tend to facilitate
this control in a number of ways. 1In the case of maize |
grinding, the metate is raised above the surface of the table
where excess water accumulates. In the case of coffee grinding
{and probably other dry substances), the legs allow the metate
to be placed on a raised surface where spillage may be easiiy
collected. Alternately, the legs allow the placement of
containers under the edges of the grinding surface in order to
catch spillage. At the same time, it is obvious that the
problems of conirolling spillage have not been fully resolved,
only perhaps mitigated.

In addition to the constraints of energy efficiency and
control of the ground product, ancther possible source of
constraint on grinding stone morph;ogy ¥as suggested by Ramon
Ramos. He stated that he made and sold many small metates for

special uses, including the grinding of herbs, spices, and
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cheese. These tended to be smaller than normal, though not
miniature (iHayden:pers.comm.). Using the San Mateo data, the
grinding surface areas for stcnes of different functions were
compared., ‘Although sanmrle sizesvare small, the mean size of the
surface area for special purpose grinding stones other than
those used for washing clothes was significantly smaller thanm
for maize grinding metates. In contrast, the mean surface area
of stones used for washing clothes was significantly larger than
for maize grinﬁing metates {(Table 5). Unfortunately, although
there is a statistically significant difference in the mean size
by function of the three classes of grinding stones, there is
also considerable overlap {Fig. 6). This is probably due iﬁ
part to the fact that six of the eight coffee grinding stones
yvere reused maize grind;pg retates.

One possible explanation for the relationship between
grinding stone function and size may be the concern for enefgy
efficiency. Specifically, the size of the working surface of a
grinding stone may reflect the guantity of the substance being
processed and the freguency of processing. A greater ‘quantity
could be processed in a given time on a large grinding surface
than on a small one. The more frequently the substance was
processed the nmore important this efficiency would be. The
smaller size of the special purpose grinding stones may reflect
not only their occasional use, often for smaller quantities, but
also greater ease of storage between uses. The exception is the

clothes washing stones, whose generally larger size would
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Special Purpose Grinding Stones: San Mateo

Function Mean Surface Area Student's t *a
{in cn.sg.)

Maize Grinding 1140. €8
{n=52; 5=188. 14)
{range=690—1645)

Special Purpose T44.56 4.386

OCther Than {n=16;5=345. 83) {p<.05)

Clothes Washing*b (range=82.5-1344)

Clothes ¥ashing 1650.00 3.237
. {n=5;5=351.78) {(p<-05)

{range=1350~-2250)

*3: In all instances, a one-tailed test was used.

*b: Functions include coffee grinding {(n=8), salt grinding
(n=3), herb mashing {n=2), toys (n=2), and calcite grinding
(a=1. ‘

accomodate the greater bulk of clothing, and which remain in
place outside the house or compcund when not in use.

Based on the San Mateo sample there appear to be two
functiornal constraints om grinding stone morphology, the
efficient use of human energy and control of the substance being
ground, along with any by-products. Of these, concern for human/
energy efficiency seems by far the stronger constraint. It is
expressed most explicitly in the slope of the grinding surtace
of the maize grinding metates, a slope which is built into the
metate by the differing heights of the front and back legs. A

concern for energy efficiency may also be reflectd in the

variation in size of the grinding surface of stones for
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different uses. Control of the product being ground seems a
less compelling constraint on grinding stone morphology,
inasmuch as there is still an obvious problem in this respect.
" However the problem seems tc be partially mitigated by the

presence of legs on the tripodal metates.

Material and Technological Constraints Suggested by San Mateo

Data

As discussed in the section on material, it was not
possible to obtain data concerning the technological constraints
on form from residents of San Mateo, since no one there
nanufactured grinding stones. However some useful information
was obtained from Ramon Ramos. F

It has already been noted that basalt materials do vary in
their suitability and ease of shaping. Furthermore, it was
apparent from Ramon Ramos! coaments and from observation of his
work area that certain forms were more susceptible than others
to breakage during manufacture. While sharing the legs on a
basalt metate, for instance, there is greater risk of breakage
than when working cn any other portion of the grinding stone
itself (personal observation). Shaping the legs is also time
consuming and increases, however minimally, the weight of the
metate, which must be carried to San Mateo from the place of
purchase. Even more susceptible to breakage during manufacture
is the mano. That this agparently simple cylindrical form\is a
relatively "high risk" form is reflected both in the higher
breakage rate during manufacture, and also in a shorter use-life
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of manos compared to metates (Table 3). This suggests that the
primary technological constraint ir working stone materials ié
avoidance of long slender forms. Those forms which deviate from
a compact round or squarish shape seem to require the greatest
skill, time and energy to produce. They also involve greater

risk of breakage.

Social Constraints Suggested by San Mateo Data

The effect of social constraints on the morthology of
grinding stones in San Mateo seems to be generally similar to
the effect of social constraints cn material selection.
Specifically, only those stones used to grind maize, the primary
staple, are morphologically "expensive"--they ﬁéve legs and
associated long cylindrical manos. While the legs seem to some
extent to be justified by the increased energy efficiency
associated with the induced slope of the grinding surface, it is
probable that craft specialization and a regional distribution
system are necessary to overcome the extra costs of time, energy

and risk associated with the more complex, tripodal metates.

Comparisons of San Mateo Results With Data From QOther Sources

2 e i s e S

unctional Constraints

The examination of San Mateo grinding stones suggests that
the post apparent constrainrt on form results from a concern for
the efficient use of human energy. This is reflected primarily

in the intentional slope of the grinding surface resulting from
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the differential bheights of the legs on tripodal metates. The
relationship between the size of the grinding surface and the
nature of the substance being ground may also reflect a concern
for human energy efficiency. Both of these concerns can be
considered functional constraints. Another possible functional
constraint would be the need to control the substance ﬁeing
ground and any of its by-products. The presence of legs on the
tripodal metates cf San Mateo may contribute to meeting such a
need by allowing the grinding stone to be placed on a surface or
over receptacles which assist in control of the ground
substance. Evidence of these functional constraints may be
found in other ethncgraphic and archaeological accounts. |

The tripodal metates of Mescamerica generally display sone
slope of the grinding surface. The Agquacatenango metates are
very similar to those cf‘San Mateo, with a rectangular, flat,
sloping grinding surface. As in San Mateo, the slope of thé
grinding surface can be adjusted by placing the hind leg on a
post. Extrapolating from data provided by Stromsvik (1931:144),
the average slope for amodern Yucatecan'metates, which are
generally placed on a grinding table, is about ten degrees.
Aschmann (1949:633) rerorts an average slope of 20 degrees for
the metates of Baja/California- Wisdom (1940:145) does not give
the angle of slope for metates among the Chorti, tut he does
note its existance, attributing it to to the need to drain off
grinding water. ¥®here a grinding stone has been shaped without

legs, and with an even slightly rcunded bottom surface {as in
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plano-cocnvex forms), a flat surface such as a table should
provide an unstable surface and not allow for a slope. 1In

Aguacatenango, however, at least one prehistoric grinding stone

was used on a table, with the proximal end propped up on a post

{Fig. 7). Both Kidder and Thompson have suggested the
possibility that these round bottomed metates were placed in the
ground, providing stability (Kidder 1947:33; Thompson 1939:173).
Ethnographic data concerning plano-convex metates, where
available, suggests that they were often used on the ground,
with the near end raised to achieve the desired slope by placing
it on a small rocck cr cobble {Soustelle 1937:37). Bartlett's
work in the American Southwest details the progression over»time
from a rather casual propping of the grinding stones on cobbles
to the development of the mealing bin (Bartlett 1933:5;7). The
mealing bin--which is a highly sophisticated grinding
artifact~-includes a grinding slab set into the floor with én
average slope of 30 degrees {(Bartlett 1933:15). 1In the 0ld
World, Egyptian terracotta figurines suggest that grinding
stones were often set at a slope of abbut 15 degrees. "~ Flat
grinding stones in Asia Minor may have been banked up with earth/
in order to achieve the desired slope, and Athenian grinding
Stones were apparently sloped, as well (Moritz
1958:29,19-20, 38-39).

Comparative data in the ethnographic literature conceraning
the possibile relationship between grinding stone size and

function is minimal. This is almost certainly due to the lack
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Figure 7. Prehispanic Plano-Convex Grinding Stone with
Proximal End Placed on Post: Aguacatenango
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of attention given to variation in grinding function, as there
is evidence of variation ian grinding stone size. Pozas
{1959:1060) mentions that two sizes of metates were made in
Chamula, but gives no indication of why. The average dimensions
he gives result in surface areas that look comparable to the Sam
Mateo data {(Tables 5, 6). Stromsvik (1931:151) mentiohs that
small metates were made for grinding chile in Northern Yucatan,
but does not give any measurements. In contrast to the
ethnographic literature, the archaeological literature contains
a number of references to at least two size classes of grinding
stones (Coe 1959:34; Kidder 1947:33; Kidder et al 19463 140;
Stromsvik 1931:146-151; Willey et al 1965:453-456). Supporiing
the suggestion that the two sizes were used for different
grinding functicns is the tendency for them to be madeﬁof
different materials (Coe 1959:3%#; Kidder 1947:33; Kidder et al
19462 140) . |
Control and collection of the grinding product and/or
by-products may be a more important constraint ir the design of
grinding stones than suggested by the San Mateo data. - Among the
Chorti, there is a rim around the edge of the grinding surface ’
of the metate and the ground maize is collected in a container
placed at the far end of the metate (Wisdonm 19&0:88—89,145). A
similiar rim occurs on metates in Baja Califormnia {(Aschmann
1949:683). The mealing bins of the Hopi, in addition to having
upright sides, have a plastered surface around the edge of the

grinding slab that includes a collection area at the far end
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able 6. Grinding Stone Measurements from Several Regional

Centers
Regional Hean Lergth Mean Width Surface Area
Center {in cm.) {in cm.) {in sqg. cnma.)
N. Ha. ‘ 38.5 30.5 1174, 25
Guatemala ‘
{McBryde
1947:61)
Chanula 42.0 2B.5 1193.00
{Po zas 32.5 20.5 666.25
1944:100)
Tzotzil Maya 40.0 28.0 1120.00
{Vogt 1969:59)
Yucatan 40.00 22.5 900.00
{Stromsvik
1931:144)
Baja California 45.0 30.0 . 1350.00
{Aschmann ’
1949:683)
Southwest 35.0 33.0 1155.00
{Bartle tt -
1933:14)

{Bartlett 1933:15). Bartlett notes, for the American Southwest,
that trough shaped metates were used on the floor because the
trough prevented spillage (Bartlett 1933:17). Collection areas .
are also evident for grinding stones from Egypt and Asia Minor
kHoritz 1958:30,38~39) .

#hile concern for control of the ground substance may be a
ccmmon constraint, control of the water used in grinding is a
problem primarily where maize has been precooked. Among the
Chorti Maya, the grinding table was specially designed to
control and collect the grinding water (¥isdom 1940:136-137).
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fhroughout Mesoamerica, where grinding stones are often tripodal
and maize is precooked before being ground, the maize grinding
metate is often placed on a table or raised plank {Redfield §
Villa Rojos 1962:36; Soustelle 1937:66; Villa Rojos

1969a: 231,235; 1969b:207; Duby & Blom 1969:285; ¥Wisdonm 1940:88) .
Slab shaped grinding stones may be raised off the ground in
forked sticks, as among the Yinca of Guatemala {Clark 1981:
pers. comm.), but this would then make collection of the ground
meal more difficult. Although there is insufficient data from
other areas for adegquate comparison, it is possible that the
practice of precooking maize and the use of water during
grinding have encouraged the use of grinding tables. Certainly,
placing the metate on a table would keep it out of the nud.
This, in turn, would have made tripodal metates more desireable,
inasmuch as the feet would provide a more stable base on a flat
surface such as a table.

Adding a rim around the grinding surface may aid in control
of the substance being ground. However, this can have other,
less desirable consequences, as is brohght out in Bartlett’s
discussion of Southwestern mealing bins. A raised rim around
the grinding surface forces the mano to be held in a position
directly over the lower stone. Care must then be taken to avoid
contact between the fingers and the lower stone or the woman
doing the grinding may scrape her_fingers. Among the Hopi, the
problem is sufficient for women to have very strong preferences

concerning the shape of the mano (Bartlett 1933:15-16). I1f the
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rim around the grinding surface is removed, the mano can be
longer than the width of the grinding slab, and held at the ends
away from the surface of the lower stone, as in San Mateo and
Aguacatenango. In terms of thevshape of the grinding surface
and its interaction with the grinding process, then, there are
two contradictory or counteracting constraints: preventing loss
of the ground meal, and preventing damage to the fingers.
Throughout MNescamerica the concern for physical trauma
appears to have had pinimal impact on the design of grinding
stone morphology. In addition to the modern maize grinding
metates with rims, most prehispanic grinding stones had a raised
edge of some sort, either the slight edge of plano-convex |
grinding stones, or the more pronounced rim of trough shaped
grinding stones. Grinding stones with flat surfaces were
usually the tripodal metates. In some, but not all, instances
manos associated with these flat surfaced grinding stones uére
longer than the width of the stone (Kidder et al 1946:Fig. 158;
Proskouriakoff 1962:Fig. 21; Woodbury & Trik 1953:223-224).
While the rim of most prehispanic grinding stones may have
resulted from wear while using a mano that was shorter than the
width of the grinding surface, its presence would still have
resulted in the sanme groblemsrand benefits as an intentionally
designed rim. Interestingly, Willey et. al. {1965:458) note
that for the Late Classic and Postclassic Belize Valley a number
of grinding stones have a highly polished, beveled edge. They

suggest this intentional finishing of the edge might have
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reduced the amount of trauma to the hands. One other possible
archaeological indication that damage to the hands was a concern
occurs in the 014 World. A number of handstones from a

Classical Greek site have been modified from earlier forms to

include either handles or finger grips (Moritz 1958:40-41;
Storck and Teague 1952:73). Unfortunately both the dating of
this site and the context of the grinding.stones are ambiguous
(Runnels 1981a:121-122;Moritz 1958:40-41), forestalling attempts
to explain the appearance of the modified handstones.

Technological Constraints

Turning to the technological constraints on grinding stone
morphology there was the suggestion from the San Hateo data»that
long slernder forms were undesirable due to the increased risk of
breakage. Some support for the first constraint comes from
modern stone sculptors, who state that the most difficult forms
to carve are those involving delicate pro jections and deep |
undercuts. The best shapes for carving are those which remain
rounded and compact {Rich 1947:214-215). #While this seenms to
have little deterent effect on present?day metate makers there
is some archaeological evidence that both material and
technology have in the past acted as constraints on the form of
grinding stones. Proskouriakoff {1962:338) has suggested that
the present-day tripodal metates of limestone in the Yucatan may
be a post-contact phernomenon, perhaps because the introduction
of European metal tools made the stone easier to worka.

Elsewhere, prior to the Conquest "legs" on tripodal metates
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originally tended to be very small, and were often restriced to

specialized--possibly ritual--use (Borhegyi 1965:26~27: Kidder

et al 1946:140). As for material, most pre-contact tripodal
grinding stones are made of volcanic materials (Borhegyi
1965:26~27,37,51; Shook 1965:182). A few tripodal netates made
of sandstone and schist do occur archaeologically (Strémsvik
1937:126; Kidder 1947:33), but they are relatively uncommon.

Social Constraints

5o far the comparative data reinforces the importance of
increased energy-efficiency by means of a sloped grinding
surface as a functional constraint on grinding stone morphologya.
However, the particular morphological means of achieving thét
slope show considerable variation. Similarly, there appears to
be some support for the importance of control over the substance
being ground and any of its by-products, but the morphological
effects of this concern show considerable variation. At leést
some of the morphological variation in solving functional
problems may be attributable to differing socioeconomic contexts
and the interaction of different constraints. This may be
particularly true for the technologically difficult forms, such /
as the long slender manos, and the legs of the tripodal metates.

While the legs (or at least the hind leq) of Mesoamerican
tripodal metates provide an imitial slope as well as a means of
adjusting the slope, plano-convex and trough shaped grinding
stones can also be slopred by the simple expedient of propping up

one end. Within hispanic Mesoamerica, the distinction between
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tﬁe presence or absence of legs is related to craft
specialization and regional marketing. Among the Lacandones
both tripodal and legless grinding stones were used. The latter
were found in contexts where users had limited trade contacts
with markets supplying the specialist-made metates (Soustelle
1937:37). sSimilarly, where basin shaped and tripodal ﬁetates
co-occur amony the Xinca of eastern Guatemala the basin shaped
metates are locally made while the tripodal metafes are
imported. The tripodal metates, perhaps because they are
imported, confer more social "prestige™ on their owners than do
the basin shaped metates (Clark 1980:12, 26-27). %ithin the
archaeologica; record the initial appearance of; legs (whichrwere
all relatively short) in the Highlands was associated with
"ritual" metates placed in burials {Borhegyi 1965:26~27; Kidder
et al 1946:140). Whatever their use or the reason for the small
feet, these small metates would appear to have had an associated
prestige value. This association of legs with prestigious
special use seems to be continued to the Postclassic, when the
single hind leg became considerably elbngated {Wocdbury & Trik
1953:221). In spite cf their prestige value, however, the
widespread appearance of legs on grinding stones from known
domestic contexts does not occur until after the Conguest, when
metal tools and improved transportation are available. Thus the
present day maize grinding metates of Mesoamerica may reflect a
unigque combination of factors. The legs have some functional

advantages, particularly where maize is precooked before

74



grinding. They also have a long-term association with social
prestige. Pinally, the introduction of European metal tools and
improved transportation, in conjunction with the already
established craft specialization, would have reduced the
technological constraints to the extent that the functionaly and
socially desirable tripodal metates became generally available
for domestic use.

Another instance of morphological variation resulting froa
the interaction of multiple constraints may be seen in grinding
stone dimensions. Although the size of the total grinding
surface area seems to be related to function, even a casual
inspection of average length and width measurements of metaies
from areas other than San Mateo suggests that considerable
variation occurs in these measurements and in their ratios
(Table 6). A comparison of San Mateo and Aguacatenango tripodal
metates is interesting in this respect. There is no significant
difference in the size of the grinding surface areas in the two
populations (Table 7). That is, there is no real difference in
the total size of metates from the two'villages. Therz is,
however, a significant difference in the length/width ratios,
with the nmetates from/ﬁguacatenango being somewhat longer and
narrower {Table 7). This suggests that as long as a sufficient
grinding surface area is provided, there may be considerable
latitude in the length/width ratios, which in turn is most
likely related to source of manufacture and thereby to social

group preferences.
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.ompariscn of Sizes of Tripodal Metates: San Mateo and

Aguacatenango
San HNHateo Aguacatenango Student's t *a
Mean
Surface Area 1083. 30 "1160.43 1480
(in sg.cm.) {n=69) | {n=61) - (2£=128)
{5=277.89) {5=307.52) {p>.05)
Width/Length - 7645 -6750 50.1339
Ratio {n=69) {n=61) {(d£=128)
{s=-0075) (5=.0113) {p<.05)

*a: In both instances, two-tailed tests were used.

Discussion of Consitraints on the Morphology of Grinding Stones
The questions posed at the beginning of this section oﬁ
morphology were how the different constraints of function,
technology, and social organization related gemerally to
grinding stone form, and in particular to the tripodal fornm
found only in Mesoamerica. One of the more obviously consiétent
constraints on grinding stone morphology is function, in the
sense of increased energy efficiency. While this would seem to
correspond to the importance of fnnctiénal constraints on
material selection, it should be stressed that the nature and
effect of the constraints differs significantly in the two
situations. Variation in material appears to be rather closely
related to improved effectiveness of grinding, or to the
characteristics of the substance bging ground. In constrast,
increased enerqgy efficiency of use is only cne of the factors

leading to wmorpholegical variatiorn. For example, the apparently
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world-wide solution to increasing energy efficiency by placing
the grinding surface at a slope can be achieved by more than one
morphological means. In other words, there is no single optimunm
mor phological solution to any given adaptive problem. The lack
of a single optimum sclution to a problem is most apparent in
the various means of controlling the ground substance a#d its
by- products, the other functional constraint on grinding stone
morphology. In some instances a rim is a part of the grinding
stone. 1In other instances control is provided as part of the
total grinding environment, either walls external to the
grinding surface or, in the case of footed forms, placing the
grinding stone on a surface other thanm the ground. |

One of the reasons for the lack of a single optimusm
solution to a problem is that morrhological variation appears to
reflect the interaction of multiple constraints. For example,
the size of the grinding surface area may be related to |
functional concerns of energy efiiciency, both in thevsense of
the bulk of the material being processed and in the sense of
procurement and storage costs. Within this fanctional -
constraint, however, there may be considerable latitude for
variation in the length/width ratios, and the preponderance of
any particular ratio may reflect a tendency towards social
conformity withinm a given producing or using community.

Part of the answer to the second question raised at the
beginning of the discussion of morphology, what constraints can

account for the uniquely Mesoamerican tripodal metate, seens
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also to be related to the interaction of constraints. Sone
functional benefits can be attributed to the presence of feet.
For instance, they allow the metate to be placed on a surface
other than 'the ground, while maintaining stability. This in
turn provides alternative means for adjusting the slope of the
grinding surface and controling the ground substance. The
latter may be of greater importance where maize is precooked and
water used in the grinding process. These benefits alone,
howvever, 4o not seem sufficient to justify the technological
costs of the legs. The long-term association of legs with
social prestige may also be important in enhancing their
desirability sufficiently to justify their extra expense.
Finally, the reduction of technological constraints with the
introduction of metal tools and improved transportaion also
seens to be necessary. Thus, all three sources <f constraint,
funcional, social, and technological, are related to the présent
occurrence of tripodal metates.

While the interaction of multiple constraints may account
for legs on the tripodal metates of Meéoamerica today, it does
not explain their original appearance during the Formative. It
is generally assumed that they were used to grind ritual maize,
probably in part be?ause of the lack of recognition of variation
in substances processed on grinding stones. As has been noted,
the earliest fcoted forms tended to differ from domestic
grinding stones not only in form, but also in size and material,

all of which suggest that whatever was being processed on ther
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differed in some significant respect. For the present the

question of what they were used for, the reason for the small
feet, as well as the reason for the prestige associated with
them should all remain open. They may well have been used for
the ritual grinding of maize, but this should be'demonstrated,
not assumed.

This section on grinding stone mnrphblagy can be cocncluded
with a restatement of two major points. First, although the
concern for human energy efficiency seems to be a fairly
universal constraint on grinding stone morphology, there is no
single optimal morphological means of meeting that constraint.
In fact, the solution to a particular functional problenm maf not
even be directly expressed in the grinding stone form. This
leads to the second, and perhaps most important conclusion, that
mor phological variation must be accounted for in terms of the
interaction of multiple constraints, rather than being
attributed primarily to one type of constraint, such as
function. 1In this respect morphological variation differs fron
material variation which is primarily related to variation in
function and the economic importance of that function. This
should not be surprising given that artifact morphology is
produced by the cultural modiiication of natural forms, while
artifact materials, at least in traditional societies, tend to
be the most appropriately available materials which can be

selected from the natural environment.
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IV. CONSTRAINTS ON THE NUMBER AND LOCATION OF GRINDING STONES

In addition to material and morphology, spatial location
and number/of artifacts are important sources of archaeological
information, deserving of analytic conmsideration. Although
beyond the bounds of the design prcblem these data can be
treated using the same approach as the data concerning material
and morphology. FunCtional and social constraints can be
considered the independent variables and their relative
influence on the dependent variables, location and number of
grinding stones, can be assessed. {Technological constraints
are omitted from consideration, as they do not appear to have
any significant effect on grinding stone distribution.)

The fact that distributional factors are outside the realn
of the design problem does create some analytic problems not
previously encountered. Twoc problems in particular are the
nature of the sampling unit, and the distinction between
archaeological and cultural (systemic) contexts. Where material
and morpholoyy are the dependent variables under analysis, the
grinding stone itself is the most logical sampling unit. #ith
distributional data the sampling unit will vary with the
research goals and design. 1In the present study, the sampling
unit was the household. For the single village site this is
reasonakle since in many reSpects the household constitutes ﬁ
behavioral unit distinct from, yet replicated by other
households in terms of the range of activities performed.
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However it should be borne in mind that the hcusehold is also a
social unit, and will bias the interpretation in the direction
of social factors.

The second problem concerning distributional data, that of
possible disparity between archaeclogical and cultural contexts,
was not a significant aspect of the present study and little
‘effort was made to collect pertinent data. Nevertheless it is
an important issue in archaeological theory and interpretation,
one that remains unresolved {Schiffer 1972; Brooks 1982). ¥What
data are available will be presented, primarily in the hope that
they will suggest directions deserving of future study.

In the following section consideration will be given first,
to the effect of functional constraints on the location and
number of grinding stones; second, to the effect of social
constraints; and third, to the wvisibility in am archaeological
context of patterns noted in the cultural context. As in |
previous sections, the initial discussion will be based on data
from San Mateo, followed by a comparison with data from other

sources and finally by a general discussion.

Functional Constraints Suggested by San Mateo Data

Function had an obvious effect on the location of grinding
stones, with freguency and convenience of use as major
considerations. For instance, washing stones occurred most
frequently near communal water sources. ©Of those found in
household compounds, the majority (six of seven) were located
near springs or streams. One, however, was stored in a house
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for reasons unknown. Herd stones which occurred in household
compounds were also generally near a water source, although in
at least two instances they were found in compounds without a
water source. Other special purpose stones, such as those used
for grinding coffee, salt, or calcite, were normally kept in the
house, stored against a wall or in the attic. 1In the ﬁouse only
the maize grinding metates, used on a daily basis, were left in
place on the grinding table where they were used.

The effect of function on frequency of grinding sStones was
nost obvious at the village level of analysis. Specifically,
nearly every household had cne or more maize grinding metates,
whereas only_26, or about half the households, had specialr
purpose grinding stones. This, again, is a reflection of the
greater functiomal importance of the maize grinding metates for
all hous=holds in the village. The sane consideration of
relative economic importance does not seem to be related to the
presence or absence of special use grinding stones at the
household level. At least one informant who owned a special use
coffee grinding metate said that she did so in order to avoid
mixing flavors. Other households, however, reported that they ’
"simply washed the maize grinding metate after having used it for
other purposes. Also, most potters in San Mateo stated that
ﬁhey used their maize grinding netates to grind the calcite
temper, even though 1t was recognized that this reduced the .

use—-1life of the metate.
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Social Constraints Suggested by San Hateo Data

Social constraints, unlike functional constraints, secemed
to have the greatest influence cun the fregquency of grinding
stones, particularly at the household level. In many households
-two or three metates were cbviously in everyday use.
Consistently, when people were asked the reascn, the fesponse
was that there were two or three women. Each woman owned her
own metate, and it was generally not used by other women. There
is a significant correlation between the number of adult wonmen
(184 years of age and older) per household and number of modern
tripodal metates per hohsehold, but this unfortunpately accounts
for only 31%_of the variation in number of metates (£=.555i,
p<-01). The number of metates per household is somevwhat more
closely related to household family structure, with extended
families more likely to own twc or more metates (Table 8). The
association of family residence type and the presence of |
multiple grinding stones per household is even more strongly
reflected in the ownership of special purpose grinding stonesa.
Of the 26 households with these speciél puipose stones, 21 were
extended families, while only five were nuclear families {Chi /
Square=7.3714, g<.91).

One of the reasons the association between the number of
ietates and number of adult women is not stronger is due to the
flexibility in work organization afforded by extended family
residence and the subseguent variation from household to

household. In some--but not all--extended family households it
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Household Family Type and Humber of Metates: San Mateo
and Aguacatenango

Number of Metates

Village Family Less TWO OT Hedian Cramert*s
Type Than Two More Test* Phi

San Hateo Nuclear 15 4 p<. 01 -56271
Extended 5 27

Aguaca- Nuclear 6 13 p>. 05

tenango Extended 3 28

*The median for both San Mateo and Aguacatenango was two.

would appear that the wife or widow of the head cf the family is
exenpted from maize grinding. In some other households,
unmarried adult women may not own a metate and thus distort the
association.

Another factor that distorts the relationship between the
number of metates and the number of adult women is the storage
treatment of metates. Ten of the households surveyed had 15
whole metates in storage. The metates were being stored for a
variety of reasons. Two were being kegpt by a woman for a friend
who was away for an extended time, "so they won't be stolen".
Another family had purchased at least one metate when retuorning
from the finca, keeting it for future need. 1In another case an
elderly ladino woman still kept the metate given to her by her
husband's mother, although it was seldom used. ¥hile storage
behavior would distort the.relationship between number of
metates and demography, it did not alter the relationship
between multiple yrinding stones and family residence patterns.
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0f the ten households with basalt metates in storage, eight were

comnposed of extended families.

The storage treatment of basalt metates was in part a
ref lection of their value. Although this value derives
ultimately from the igportance of the metate in the subsistence
economy, it can be partially expressed in monetary terms. The
approximate price of a metate in the urban market where most
were purchased was US$20. This must be paid from a median
anpual income of US$540, or about 3.6% of the cash incone. {A
comparable example in our society might be the purchase of a new
car--with cash.) This raised the possibility that the number of
tripodal ({purchased) metates might be related to annual incﬁme.
However, there was no significant relationship between annual
income and number of metates per household (r=.2654, p>.05).
The lack of relationship between annual income and ownership of
grinding stones extends to special purpose stones as well, Qhere
it would be even mofe reasonable. In particular, of the six
tripodal metates used for salt grinding or as toys which,
because of their small size, would havé been paorchased
intenticnaly for special use, only one belongs to a household
whose annual income is higher than the normal range of
variation, while two belong tp households with annual incoues
below the sample median.

There were five houseshcglds iﬁ_San Ma teo which did not have
even one metate. Although each of the five households differed,

they may provisionally be grouped into two categories,
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households which were socially unique, and households in a state

of transition. The first group included two single women. One

was the local eguivalent of a scarlet woman, who lived by
begging. The second woman was at the other extreme of the
social scale. She was the Alcalde Rezadora, widow of the
life-time head of the religious cargo system. Like hef husband
before her she was forbidden to work and was also dependent on
the charity of her neighbors. The other three households
without metates were those whose members were part of an
extended family undergoing physical separation of residence,
although the process was incomplete and at least some meals were
taken in the origimal household. |

For the most part household family structure was the only
social variable associated with the presence and number of
grinding stones. The one exception was for herb preparing
artifacts. 1In additicn to an extended family household, thé
presence of herb preparing artifacts was associated with
adherence to traditiomnal religious beliefs (Table 9). For
purposes of analysis bherb mashing stones and wooden herb mashing
mortars were combined to provide a reasonable sample size. This/
was considered just;fiable since, as noted earlier, the
distinction between the two in San Mateo appeared to be
primérily a matter of persoral preference. In San Mateo
traditional religiocus beliefs and practices are essentially
Mayan, with a very thin veneer of Catholicism. They may be

contrasted with non-traditional religious beliefs and practices,
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Table 9. Herb Preparation Artifacts and Associations:
San Mateo *a

Herb Preparation

artifacts
Household Trait Distribution
: Present Absent Statistics
Religious Affiliation '
(n=87)
Traditional 9 16 p=-0315 *b
Non-Traditional 2 20 Phi=. 3171
Number of Herbs Used
(n=45)
Under Four 3 9 p>-50 *c
Four or NMore 10 23

*a Herb mashing stones and wooden herb mashing troughs were
grouped together in order to increase the sample size. Since
the choice between stone and wood appeared to be a matter of
personal preference, this was felt to be justifiable.

*b Fisher's Exact Probability Test

*c Median Test. Range=0-8, median=4.

either in the form of Evangelical Protestantism cr reccnver{ed
Roman Catholicism. The association of traditiomal religious
affiliation and herb preparation artifacts reflects the close
relationship between religion and medicine in traditicnal Mayan
thought (Roys 1965:ix). Ancther variable which might be
expected to be associated with the presence of herb preparation
artifacts is the extent of reported knowledge of herbal use.
This; however, was not the case (Table 9). The association of
herb preparing artifacts with religious affiliation, but not
reported knowledge of herbal use, provides strong support for

the possibility raised earlier of an association between the
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ideologically important green-colored stone and herb mashing, at

least in the Maya area.

Archaeological Visibility of the Systemic Context Suggested by

San Mateo Data

| Although functional and social constraints are related to
the distribution of grinding stones in the cultural context, the
questions remain, first, to what extent this patterning would be
maintained in the archaeological record, and second, to what
extent it would be recognized. The latter is primarily a
sanpling problem. Por example, where the location of grinding
stones in San Mateo seemed to be determined primarily by
convenience of use the focus on the household as the sampling
unit resulted in certain special use grinding stones being
underrepresented in the material inventory. In particular,
clothes washing stones and herb mashing stones were otften not
associated with structures and their surrounding compounds and
were therefore not recorded. The effect of similar biases in
archaeological sampling would be more difficult to detect.

It is reasonable to expect sone alteration of the”
distributional patterns in the development of the archaeological
context from the cultural system. For exanmple, given the high
value--both functicnal and economic--of the maize grinding
vesicular basalt metates, it seems unlikely they would be
abandoned with a house or Site. The storage of two metates By a
woman whose friend was away at the finca would lend credence to
such an expectation, although the woman at the finca had only
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temporarily abandoned her house, and her treatment of the
metates might more reasonably be considered caching behavior in
expectation of her return. The value of metates might also be
expected to affect their treatment when broken or damaged, with
the possibility that useable fragments would be reused for other
purposes and discarded in situ at the time of abandonment. It
is true that when a metate breaks large ffagments may be kept
for special purpose uses. Smaller fragments, however, were
generally discarded in a nearby dump, and large fragments were
not common. Only five of the basalt metates inventoried were
fragments, four of which were used to grind coffee, and one to
grind salt. Of the metates used to grind maize only one waé
damaged, with a leg missing. This was in a household which also

had a large basalt fragment for special use.

Comparisons of San Mateo Results With Data From Other Sources

Based on the data from San Mateo, it sould appear that the
constraint which most closely influences the location of
grinding stones is function. Those stones used for food
preparation are found in the house, while grinding stones for
other uses are located at the most convenient place of use.
This may seem obvious, and in fact has been an implicit
assumption for much archaeological interpretation.

The comnstraints influencing the frequency of grinding
stones ssem to vary dependihg on the level of analysis.
Functional constraints appear mcst important at the village
level of analysis, with the preponderance of maize grinding
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metates reflecting the inmportance of maize grinding in the
subsistance economy compared to other grinding functions. On
the other hand, social constraints, including household
residence patterns and ideological associations appear to be
mest important at the household level of analysis, perhaps
reflecting the social nature of the household unit. Extended
family households were most likely to have two or more maize
grinding metates, and were also most likely to have special
purpose grinding stones. In addition, the presence of herb
mashing stones or mortars appears to be related in part to
adherance to traditionalkreligious beliefs. As for the
archaeological record, information concerning the relationsﬁip
to the cultural system is extremely limited. Both the discard
of broken metates and the storage {or caching) of metates during
temporary absence suggest that distribution of the vesicular
basalt maize grinding metates wculd undergo significant
distottion in the transformation process.

Comparable data in the ethnographic literature concerning
the location and number of grinding stbnes are extremely sparse.
There is some indication that maize grinding metates are not
restricted to the inside of the house but may occur in the
comnpound as well iSoustelle 1937:66; Stromsvik 1931:Plate 1;
Wisdom 1940: facing 88). In either situation, however, the
stones used for grinding food are iccated in proximity to the

house.
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Given the general lack of recognition of variation in
grinding stone functions, it is hardly surprising that no
pention is made of alternate loca tionms for special purpose
grinding stones. There is some photographic evidence that
yashing stones tend tc be associated with streams or other water
sources {(Nash 1969:40; Tax & Hinshaw 1965:74-75). 1In
Aguacatenango clothes were washed at nearby streams or in the
lake, although wooden washing tubs were used in place of washing
stones {Deal: pers. comi.). As noted earlier, the association
of washing stones--or boards--and sources of water is to be
expected. It does reinforce the suggestion, however, that
similar artifacts may be as underrepresented in archaeologicél
assemblages as in the ethnographic record. Since herb mashiag
stones tend also to be located near a water source in San Mateo,
their presence in archaeological assemblages. may be egually
underrepresented. A possible exception might be the green
metate at Seibal (Tourtelot 1970:412)a

Comparative data concerning the relationship between the
number of grinding stones and household residence patterns is
available from Aguacatenango. AS in San Mateo, the median
number of metates per hougehold was two. Unlike San Mateo, over
half the households in Aguacatenango owned two metates,
irrespective of family residence structure, and the relationship
between number of metates and hocusehold residence type was not
significant {(Table 8). There is some possibility that this may

be a reflection of a change in the Function of the extended
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family household. While there is no significant difference in
the proportion of extended versus nuclear family households for
Sar Mateo and Aguacatenango, there are some differences in the
composition of the extended family household. In San Mateo all
extended families were composed of a couple (or the surviviang
widow), their married adult children, and offspring. in
Aguacatenango seven of the extended families included a divorced
daughter with her children. In cther words, there may be a
tendency in Aguacatenango for the extended family household to
be more an economic convenience for individual members rather
than a cohesive socioeconomic groupe.

In the American Southwest Martin (1972:57) has used chénge
in the number of grinding stones per household, along with
several other changes, to suggest change in social organization.
Using the historic pattern as a model, he argues that a set of
three grinding stones in a single rocom represents a single
family household. #hen the number of grinding stones per room
is greater than three, he assumes it reflects an aggregatioan of
families sharing the same residence. ﬁnfortunately, the single
family of the historic period on which Martin's model is based
is generally an extended fawmily, not a nuclear family (Eggan
1950:29, 146, 188, 232, 262; Mindeleff 1891:212; ¥Winship
1896:522). +Whatever the reasons for the change in number of
grinding stones it is not related to a shift from nuclear to
extended families. In short, family residence patterns may well

be related to the frequency of grinding stones per household, as
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ip San Mateo, but the Aguacatenango and Southwestern examples
suggest that this relationship may be influenced by other
factors.

One of the tactors which may affect the relationship
between family residence and the number of grinding stones is
the influence of the regional socioeconomic system on the
function of the extended family. As has élready been noted, one
of the effects of extended famrily organization in San Mateo was
an increase in the coptions in scheduling time and activities of
individual members, specifically of women engaged in maize
grinding. ¥For a relatively isolated, self-dependent community,
such as San Mateo, this low order of specialization may alléw
the extended family household increased opportunities for
acguiring additional or special purpose artifacts. The
alternative explanation, that greater economic resources are
available tovthe extended family, does not hold for San ﬁatéo,
wvhere neither wealth nor income are related to family residence.

In contrast to San Mateo, Aguacatenango is much more
integrated into a regional econoric syétem, as will beé discussed
more fully in the following chapter. One possible conseguence /
has already been noted for Aguacatenango, the presence of
divorced women and tﬁeir children as part of several extended
family households. Another consequence is that ease of access
to a variety of artifacts, including maize grinding metates, is
increased. This increased ease of access almost certainly

overrides any benefits of time and energy which might be
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afforded by low-level specialization within an extended familya

Ethnographic evidence that metates in good condition might
be removed from a house or site at abandonment does exist,
although it, toc, is extremely sparse. Lange and Rydberg
(1972:430) record the selling of a mano and metate by a widow
moving from a rural subsistence household to an urkan center in
Costa Rica. Wagley {1940:30) notes that families in the
Guatemalan Highlands going to work on the fincas for a season
took their grinding stones with them. This is in contrast to
less sedentary groups who left their grinding stones at the site
vhere they were used, awaiting the subsegquent return of that
group (Gould 1980:26; Kraybill 1977:491). This is rather like
the San Mateo woman who stored her metates with a friend until
her eventual return.

Archaeological data concerning grinding. stones, as already
noted, are problematical, due both to iradequate reporting |
{Longyear 1952:105) and to biased sampling {Kidder 1947:2).
Even so there is some variaticn in the archaeological record,
and presumably therefore in the processés leading to that
record. Flannery and Winter {1976:37) note that in Formative
villages of Daxaca every household group had fragments of
grinding stones, but 5n1y two complete manos and metates were
found. Both of these were found in or next to a small
bell~shaped pit which contained a ngmber of other artifacts.
Borhegyi {(1965:8-9) also mentions the fact that manos and

metates are found in storage pits for the Early Formative in the
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Guatemalan Highlands. At least one mano and metate were found
in a Late Formative housemound at Uaxactun (Coe 1959:35), while
in the Belize Valley fragments of manos and metates were found
in nearly all excavated housemounds from the Formative en,
either as fill cr as floor debris (Willey et al 1965:452-453).
Turning to the Southwest there is some evidence that during late
prehistoric periods grinding slabs were sometimes deliberately
retrieved from mealing bins rather than being abandoned
(Bartlett 1933:24~-25). Evidence for similiar treatment does not
occur for esarlier periods. HMartin (1972:56) also notes a
general decline over time in the total number of grinding stones
per site, irrespective of--or even in inverse relation to--fhe
nurber of households.

Although the data are extremely sparse, they do suggest
that constraints affecting treatment of grinding stones at the
time a site i5 abandoned may vary with the economic and culiural
context. In particular, economic importance of the grinding
stone, expectations regarding future use of the site, and the
extent of sedentism of the social grodp may all affect the
archaeological visibility of grinding stones. For example,
increased economic importance of the grinding stone may restrict
its archaeological Qisibilitg, while a subsistence economy based
on a seasonal round may increase the archaeological visibility
of grinding stones. The pit stcrage of manos and metates during
the Formative of Mesoamerica may reflect the transition from

their growing importance during a time when villages were still
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only occupied on a semi-permanent basis.

Discussion of Constraints on the Location and Number of Grinding

—

sStones

The décisicn tc look at the constraints influencing spatial
iocation and frequency of grinding stones was based on the fact
that such data are a major source of archaeolcgical
interpretation. There was some indication from San Mateo that
functional constraints influenced location of grinding stones,
as well as the relative proportion of different types of
grinding stones for the village as a whole. Social constraints
appeared to have more effect at the household level, with family
residence patierns related to both the number of maize grinding
metates and the presence of special purpose grinding stones.
Comparison with the sparse data from other sources suggests that
functional considerations of convenience of use do influence the
lccation of grinding stones, but cnly in a rather general
fashion. The relationship between family residence pattern and
number of grinding stones was even less consistent. In other
words, the factors influencing the distribution 6f grinding
stones in the cultural context are as yet relatively unknowna.
Furthermore, the manner in which this distribution is
transformed to an archaeological context may vary depending on a
nunber of factors, including the economic importance of the
grinding stone and the perﬁanence'of occupation of the site. 

Although the data concerning the relationship of grinding
stone distribution in the archaeological record and in the

96



cultural context are extremeliy limited, some points deserve
further comment. First, more attention needs to be given to
constraints affecting distribution in the cultural context, how
it varies, and under what conditions, Second, the
transformation processes resulting in the archaeblogical record
may also vary from one cultural system to another.
Dnderstanding is needed not only of condi tions related to
variation in the disposal of refuse, but also of conditions
related to variation in storage, caching, and transportation of
useable artifacts. Finally, it should be apparent that the
constraints influencing the distribution of grinding stones in
the archaeologial record are at least as complex as those |
influencing the form and material of the same grinding stones.
However the attributes resulting from the latter constraints
undergo ifewer distorticns in the transformation of the cultu:al
context to the archaeological context so that the understanaing
to these constraints may ultimately provide a more secure

interpretive data base.
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V. HODERN INFLUENCES ON THE TREATMENT AND USE OF TRADITIONAL

GRINDING STONES

The iﬁfluence of various constraints on material selection,
-form, and distribution of grinding stones can be demonstrated
for San Mateo, and to some extent for Aguacatenango. In order
to apply the inferences or conclusions trom this analysis of
modern ethonographic data to archaeological material, however,
the impact of modernm (i.e., European) technology and its effects
must be considered. As was pointed out in the begianning modern
grinding technology is present in both San Mateo and
Aguacatenango. The problems to be dealt with in this seciion
include the extent that modern technology has modified the
traditional treatment and use of grinding stones, and in what
ways. The gquestion of modern inf luence, like that of
distribution, is not, strictly speaking, within the framework of
design theory. In order to paintain consistency, however, it
will be approached within the same structure of functional,
technological, and social constraints. In partiéular, attention.
will focus on the apparant diseconomy of maintaining multiple
maize grinding implements. The comparative section will focus
on the differences between San Mateo and Aguacatenango, and the
fact that in Aguacatenango the entire grinding technology is

attenuated compared to San Mateo.
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Fﬁactienal Constraints Suggested by Sap Mateo Data
In addition to using metates, most of the women of San

Mateo also made regular use of the motor-driven mills. These
have a number of virtues, the p;imary one being that they reduce
the amount of time required to grind the cooked maize from
three-to-four hours per day to about half-an-hour per day (Table
4y. PFor users they alsc do not regquire ahy initial capital
expenditure, and they have a potentially infinite use-life. On
the negative side, they require a daily flow of petty cash of
US$.05 per day. At the end of a year, this amounts to US$18.50.

- Another possible alterpative for grinding maize is the
hand-cranked metal corngrinder. Eighteen of the householdsr
inventoried in San Mateo had metal corngrinders, although they
were being used in only ten households. In six of the remaining
households the corngrinders were broken and not replaced, and in
the other two they were simply set aside and not used. Eveﬁ for
the ten that were in use, there is some question of the
consistency of their use. This has probably biased use-life
estimates, which at six-to-seven years‘seem too high. °~ The cost
of purchasing a metal corngrinder was US5$17.00, which is nearly
equivalent to the US$20.00 cost of a metate. Like the
motor-driven mill, fhe metal corngrinder reduces the amount of
grinding time reguired to do the grimding. Furthermore, even
with a use-1life of two-to-three years it is substantially
cheaper in the long rum. The major drawback is the initial

purchase price.
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In view of the above use of the potor-driven mill inp
combination with the basalt metate would appear to bhe
particularly uneconomic behavior. The combination incurs both a
major initial expense plus cn-going expenses. Discussion with
the owner of the local inn suggested however, that local
behavior is more logical than it seems. She must pay ﬁired help
to get her maize grcond, so she is in a pbsition to evaluate the
relative time costs of different grinding methdds ir monetary
terms. 5She found that it was cheaper for her to patronize the
motor-driven mill rather than use a metal corngrinder. 1In other
words, there is a savings of time using the motor-driven mill
compared to the hand-cranked corngrinder sufficient to |
compensate for the increased costs. Tﬁe final grinding of maize
on a stone metate insures that it will be sufficiently fine to
make acceptable tortillas. Another woman who owned a metal
cerngrinder stated that she preferred the motor-driven milln
becausevit was easier, but used her corangrinder when she did not
have the necessary five cents.

The positive and negative functional attributes of the
various grinding ixplements may be summarized as follows.
Hetates give the finest meal, important because it is used to
bake tortillas. Metates have a long use-life, and are always
available whether or not there is cash on hand. However, they
do require a substantial initial investment, and their use is
time consuming and laborious. The motor-driven mills are fast

and easy, do not require any ipitial investment or maintenance,
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and do not need replacing. They are, on the other hand, the
most expensive to use in the long run, reguire a constant supply
of small cash, and do not give a sufficiently fine grind to the
meal. The metal corngrinders are faster to use than the
metates, and do not require a daily cask supply. They do
require more time and energy than the motor-driven mills, a
major initial investment, and relatively frequent repair and/or
replacement. They also do not give a sufficiently fine grimnd to
the meal. On balance, the combination of metate and
motor-driven mill is uneconomic only in monetary terms (Table
10). In every other respect it would arppear to be the ideal

combination.

Technoloqgical Constraints Suggested by San Mateo Data

There are obviously major differences in the technological
constraints on the production of grinding §iones 0of whatever
material, and on the production of their industrial
replacem2ants. For the people of San Mateo, however, the
critical constraint wcould appear to be accessibility, since none
are manufactured locally. Accessibility and acceptance of
industrial replacements seemns to he related to construction of
the road since neither metal corngrinders nor motor-driven mills
were present until after its coastruction.

The potential impact of the road on access to metates was
also considered. Prior tovthe building of the road, residenfs
of San Mateo obtained their maize grinding metates either from
traveling salesmen, or by carrying them on their backs from a
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Table 10. Positive and Negative Functional Attributes of
Alternate Maize Grinding Iechnologies

Attributes Hetate Mill Corngrinder
Fine grind high {(4) low {~) low {-)
Use-life high (+) high (+) noderate {(0)
Daily Cost low {+) © high {-=) low {+)
Longterm Cost low (¥ high (=) moderate (0)
Initial Cost high (=) low (#) high =)
Labor Cost high {-) low {+) noderate (0)

regional market. With the advent of the road, it became
possible to carry a newly purchased metate to San Mateo on the
bus. There are at least two possible consequences of the
building of the road. The first is an increase in the number of
metates. The second is an increase in size of the metates.
While the first possibility cannot be evaluated directly the
data from the previous section concerning grinding stone
frequency suggest that the impact, if any,Kwas minimal. It may
have affected the number of metates kept in storage, but is
likely to have had little other effect. The second possible
impact, an increase in size, was evaluated using grinding
surface area as an approximation of size and Height. Metates .
less than twenty years of age, purchased after construction of
the road, were compared with those over thirty years of age. No
significant difference between older and younger netates was
found {Student's t=.1430, pn=31, p>.05). Thus the presence of
the road does not seen to ﬁave had a significant impact on |
accessibility of metates. The lack of impact of the road on
size of metates corroborates the conclusions reached in the
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discussion on grinding stone form, that, within limits, the size

of the grinding surface area is determined by function.

Social Constraints Suggested by San Mateo Data

The coémon positive attribute shared by both the metal
cérngrinder and the motor-driven rill is the reduction in total
grinding time of the maize. While the motor-driven mill offered
a greater reduction in time and energy spent grinding this
should be most relevant for those households in reasonable
proximity to the center of town, where the motor-driven mills
tend to be concentrated. For households further away, the time
spent walking to and from the mill would presumably
counter-balance such benefits. However, there was no
significant difference in the distance from town center for all
owners compared to all non-owners {Table 11). This is at least
partly a reflection of the compact settlemen; of San Mateo, with
five-to-six minutes being the median distance from town center
for all households. At the same time, it should be noted that
of the four households furthest from town center ({between 20 and
30 minutes) three did have metal corngrinders. In‘cther words,
distance from the motor-driven mill may be a factor in ownership
of a metal corangrinder if this distance is large enough, but
this does not account for the majority of the metal corngrinders
in San Hateo.

Savings in time might also be a factor for extended
families and/or families with several adult women memnbers.
Essentially, the more adult women in a household, the more
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Table 11. Corngrinder Ownership and Social and Technological
Attributes: San Hateo

Technological and :
Social Attributes Statistic Probability

Time Saving:
Distance fromr Towrt Center Kolmogorov-Smirnov >.5000
: =.9365
Family Type Fisher's Exact - 5464
Probability
Cost:
Cash Incone Mann—-¥hitney U - 1291
=220.00
Income Source
~Land Based Mann~®%hitney U - 1898
=230.50
-Craft Based Mann-Whitney U - 3887
=253.50
-Wage Labor Mapn-¥%¥hitney U - 7251
=279.50
~Service Activities - Mann-Whitney U .0543
=202.00

efficiently food preparation tasks could be divided, thus
minimizing the cost in time of the corngrinder compared to the
motor-driven mill. The fact that ownership of number and
variety of grinding stones is associted with household structure
would tend to support such an expectation. However there is no
significant associaticn of either number of women or family type
and corngrinder ownership for the sample as a whole {Table 11).
¥While the netal corngrinder and motor-driven mill share:the
attribute of saving time, they differ markedly in terms of cost
and effective use-life. Focusing on the substantial cash outlay
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required to purchase a metal corngrinder, the possibility that
only those families with a fairly large cash income would be
likely to purchase a corngrinder was considered. The results,
again, were negative (Table 11).

Finally, the relationship between source of income and
metal corngrinder ownership was considered. The rationale for
doing so was based on the fact that the choice between
corngrinder ownership and use of the motor-driven mill involved
choosing between specifific sets of characteristics, and that
the parkicular set of characteristics chosen might reflect the
relative importance of similar characteristics in
work/subsistgace related activities. 1In particular, it waé
expected thatka high income from wage labor wonld be most likely
to predispose people to acquire metal corngrinders since
deriving income from wage labor should lead to an increased
awareness of monetary values. Source of income was categorized
as follows:

1. Land-based income, primarily from the sale of produce;

2. Craft-based income, from the sale of cottage—industry .
products such as candles, fibre-products, leather work, and

carpentry;
3. VWage labor, primarily from work on lowland plantations;

4. Service activities, such as owning a store or
small-scale restauvrant, selling a fermented maize liguor,
or butchering.
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Contrary to expectation, income from wage labor was not related
to corngrinder ownership. Of the four categories, income from
service activities was most likely'to be related to corngrinder
ownership (Table 11). Although labeled service activities,
these might also be considered entrepreneurial activities, with
the individval serving as middleman in the organization and
distribution of goods. In the process the individual must
assume a major share of the risk, including a willingness to
make a s?gnificant initial expenditure. Success in such
ventures would be particularly dependent on product turn-over as
opposed to durability, as well as valuation of monetary gaine.
These are essentially the same attributes as high purchase |
price, short use-l1ife, and monetary benefit, the attributes of

the metal corangrinder.

Comparisons of San Mateo Results Hith Data From Other Sources .

The primary impact of modern technology on maize grinding
in San Mateo appears to be in the provision of a supplementary
rather than a replacement technologyy. The importance of modern
technology is in its potential for reducing time and enerqgy
spent grinding maize. The fact that it does not replace the
traditional stone metates seems to reflect the continued
importance of finely ground meal. There is some suggestion that
the choice of supplementary technology depends at least
partially on the evaluation Gf alternative attributes, with thé
evaluative choices to some extent reflecting the differential
importance of characteristics of behavior in econonic
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activities.

The use of modern technology to supplement maize grinding
metates is common throughout rural Hesoamerica. Both the
importance of reduction in time and energy expenditure and
retention of an appropriate meal texture have been mentioned
elsewhere (Vogt 1969:58, 59). A similar supplementing of
traditional grinding stones with metal coingrinders has occurred
in the Southwest, as well. There, in some instances, a partial
replacement has also occurred. Because of the use of three
diffefent grades of stone texture for the grinding slabs, the
metal corangrinder cculd and apparently did sometimes replace the
coarse textured grinding slab {(Bartlett 1933:14). This partial
replacement underscores the inability of relatively inexpensive
modern technological alternatives to achieve a sufficiently fine
meal, since it is only the coarse textured stone which is
replaced. It also undeirscores the importance of meal textufe as
a determinant of grinding technology.

While choice of the motor-driven mill as the supplemental
technology is most characteristic of S&n Mateo, the opposite is
true of Aguacatenango where there is almost total reliance on
metal corngrinders. Furthermore, informants in Aguacatenango
estimated the use-life of metal corngrinders at two-to-three
years, rather than the six-to-seven year estimates given in San
Mateo. This suggests that metal cqrngrinders are much more
extensively and consistently used in Aguacatenango. Also in

contrast with San Mateo, there was only one motor-driven mill in
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Aguacatenango, and it was not extensively used. If, as
suggested, the difference in choice of technologies with
conflicting attributes is related to differences in economic
activites, then Aguacatenango and San Mateo should differ in
economic activites as well. While there ¥as no Significant
difference in total annual income for the two villages, there
were significant differences in two incomé solirces, wage labor
and service activities ({Table 12). Income from wage labor was
significantly greater for Aguacatenango, while there was minimal
income from service activities. While these results are
contrary to expectations based on the San Mateo data, they are
indicative qf_a more important difference between San Mateo and
Aguacatenango. Specifically, Aguacatenango is more closely
incorporated into the modern economic society, and this has had
a nunber of effects on grinding functions and technology.
Research concerning the adcption of new artifacts and
behaviors from a wide variety of disciplines, including rural
sociology and anthropology, has been summarized by Rogers and
Shoemaker (1971). They state that the‘patteruing.of adoption of
modern artifacts and behaviors by a community depends to a large,
measure on the extent of extra-conmmunity communication apd
interaction {Rogers and Shoemaker 1971:41, 48). The underlying
reason is that the greater the interaction and communication,
the more likely people are to be open to and accepting of values

and opinions of the outside, donating community cr society.
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Comparison of Economic and Social Characteristics:

San Mateo and Aguacatenango

Social/Econonic village Proba-
Characteristics Median Statistic bility

Total Income San Mateo=540.00 HMann Whitney - 8359
(US$/Year) Aguacatenango U=1244.50

=553.50
Land Incone San Mateo=202.00 Hanp-¥hitney - 4092
{US$/Year) Aguacatenango . B=1153.50

=200.00
Craft Incoame San Mateo=60.00 Mann Whitney - 1601
(Uss/Year> Aguacatenango U=1068.50

=80.00 -
Wage Income San Mateo=48.00 Hann-Hhitney - 0041
{US$/Year) Rguacatenango 0=855.50

=96 .00
Service Income San Mateo=31 Chi Sgquare <. 001
(Number Reporting¥) Aguacatenango=6 =25.88
Informant Vvisits to San Mateo=12 Mann~-Whitney - 0000
Other Hunicipalities Aguacatenango=75
{Number/Year) i
Informant Visits to San Mateo=3 Mann—-¥hitney - 0000
Regional Centers Aguacatenango=20
(Bumber/Year)
Reported Herb San Mateo=5-56 Kolmogorov <.001
Knowledge Aguacatenango=0 Smirnov
{Number Herbs Known) =28.06

*Fey informants in Aguacatenango had income from service
activities, so number of reporting households for each village
vas compared. In San Mateo income from Service Activities
ranged from 30.00 to $1872.00, with a nmedian of $25.00. 1In
Aguacatenango income from Service Activities ranged from $0.00
to $438.00. '
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Physically, San Mateo is much more isolated than
Agunacatenango. Even with the building of the road, the nearest
large-scale modern market center for San Mateo (Huehuetenango)
is for mosf residents at least a two-day round trip, dependent
on transportation which is less than totally reliable.‘ For
residents of Aguacatenango, on the other hand, a round trip
visit to either of two major marketing centers may be easily
made within a single day or even half-day, with frequent and
reliable transportation. This difference ié underscored by the
fact that persons from Aguacatemango visit both other villages
and other regional centers a significantly greater number of
times per year than persons from San Mateo {(Table 12). 1In other
words, residents of Aguacatenango are involved in sigpificantly
more extra-community communication and interaction than
residents of San Mateo. Perhaps most important is the nmuch
greater contact and interaction with "Ladineo" or Europeaaizéd
regional centers. This difference would be reinforced by the
greater involvement of Aguacatenango residents in the wage labor
market, as well. |

One of the characteristics of our modern, cash-based
economic society is the extreme emphasis we attach to monetary
values. This characteristic would be particularly emphasized in
precisely those Eontexts vhere traditional and Ladino peoples
most interact, the trade and job markets. An increased emphasis.
on monetary, values would favor the use of the metal corngrinder

as the industrial supplement in Aguacatenango rather than the
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motor-driven mill. Momnetary value is the only attribate where
the corngrinder is superior to the motor-driven mill. For other
attributes, such as effective use-life and dependability, the
latter reméins superior (Table 11).

The differences between San Mateo and Aguacétenango are
reflected in a number of other aspects of grinding technology,
most noticeably an attenuated traditional‘artifact inventory for
Aguacatenango. There are no washing stones or herb mashing
stones reported, for éxample.

Use of washing stones is generally not reported in the
ethnographic literature, and the fact that it is relatively
common in the Guatemalan Highlands is reflected primarily in
photographs {Nash 1969:40; Tax & Hinshaw 1965:74-75). There is
one reference, for the Chorti, who preferred stones, although
wood platters were used by some. The use of wood boards has
been attributed to Spanish influence (Wisdom 1930:1#6—1#7).. The
preference for washing stones in the Highlands may be partially
due to the abundance of locally available water. However,
Aguacatenango is not devoid of streamé, and is situated near a
small lake. Women in Aguacatenango commonly carry their clotheg
and wash tubs either to a nearby stream or to the lake to wash
their clothes (Deal:pers. comm.). In other words, the behavior
and location aséociated with clothes washing is the same for San
Matec and Aguacatenango, only the artifacts differ. Wooden wash
tubs are occasionally reported ethnographically, however

Redfield and villa Rojos observe that in Chankom there was no
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Mayan name for them, only a Spanish name (Redfield and villa
Rojos 1969:36). This would lend support to Wisdom's belief that
use of stones is the traditional method for washing clothes,
with wooden replacements having been introduced by the Spanish.
It has also been suggested that the technology of shaping wooden
wvash tubs prior to the introduction of metal cutting tobls would
tend to be prohibitive, although washing boards may have been
used where stones were scarce as in the coastal lowlands
{Hayden:pers. comm.).

The smaller number of herdb preparing artifacts for
Aguacatenango compared to San Mateo is probably also a
reflection of greater accomodation to modern material culture.
First, while the Guatemalan government does provide modern
medical services to native villages, similiar services have been
provided for a longer time and cn a more consistent basis by the
Mexican government. In this regard it is worth noting that
reported knowledge of herbal remedies is significantly less
extensive in Aguacatenango compared to San Mateo {Table 12).
Second, 1t will be recalled that the ptesence of herb preparing
artifacts in San Mateo was related to adherence to the
traditional form of religion. In Aguacatenango, all households
interviewed had adopted either Roman Catholicism or some form of
Protestant Evangélism. In contrast, in San Mateo over half of
the households interviewed continued to follow the Mayanized.
form of Catholicism. Thus there are both practical and

ideological reasons for a greater continued reliance on herbal
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medicine in San Mateo, with a subsequent greater number of herb
mashing stones.

A possible third conseguence of the relatively greater
acculturation of Aguacatenango is the lack of association
between family residence and number of grinding stones discussed
in the preceding seciioa. It was suggested that the fﬁnction of
extended family residence for Sam Mateo might be that it allows
greater flexibility in work organization within the residence
unit. This in turn might be considered a low order of
specialization in a relatively unspecialized self-dependent
society which in turn allows the increased acquisition of
special use artifacts by individual households and their
members. For Aguacatenango, on the other hand, it was suggested
that there might be a tendency for the extended family household
to be more an econoeric convenience for individual members. This
could result from an increase in alternative sources of ecohomic
opportunity (or "specialization") for Aguacatenango ;esidents in
combination with a slight shift away from a subsistance

orientation and towards a market econoamy orientation.-

Discussion of Modern Influences on the Treatment and Use of

Traditional Grinding Stones

The multiple methods of maize grinding are an excellent
exanple of the conflict between constraints, and the fact that
people must make choices bétween alternative attributes.
Furthermore, choices made by residents of San Mateo and
Aguacatenango, both in their similarities and their differences,
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support the argument that choices made reflect the problens
being dealt with in the broader adaptive environment. For
example, in both San Mateo and Aguacatenango, as well as
elsewhere, use of the stone metate is retaimed in order to
-insure a sufficiently fine meal. MNeal texture is a major
consideration as long as maize tortillas cooked over 5 wood or
brush fire remain a major staple in the diet. The alternative
modern method for obtaining finely ground meal involves multiple-
siftings and grindings. Thus, stone metates are likely to
remain an important item of material culture as long as meal
texture rempains important. Furthermore, the retention of stone
metates at both San Mateo and Aquacatenango reflects the
essential traditionality and subsistence oriemtation of both
villages.

A second similarity between San Mateo and Aguacatenango is
the use of a supplementary method of grinding in order to reduce
costs of time and energy. The two villages differed, however,
in which supplementary technology was predominant, and the
attributes of the chosen technclogy cbrresponded with certin
adaptive behaviors related to differences in socioeconoaic
organization for the two villages. Specifically, preference for
the more economical metal cqrngrindet by residents of
Aguacatenango reflects their greater involvment in modern
economic society, with the subseguent necessity to place a .
greater value on monetary factors. This is in contrast to 5an

Hateo, which is relatively more self-dependent and less
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integrated into modern society, with the subsequent necessity
for valuing time, energy, and dependability as adaptive.

Another conseguence of the greater involvaent of
Aguacatenaﬁgo in modern sociey is the attenuation of the
grinding stone inventory and replacement with modern material
culture. Therefore, it can be assumed that the greater variety
of grinding functions and associated artifacts that
characterizes San Mateo is more likely to reflect the
prehispanic situation in Mesoamerica. 1In fact, it is likely
that greater specialization of function of grinding stones may
have existed in the past.

Finally, while the present consideration of acculturation
has focused on the impact of modern economic society and
technology on two traditional villages, it is important to
remenber that a major underlying factor was variation in the
extent of extra-community communication and interaction. |
Similar variation has certainly occurred in the past, and has
equally certainly affected the material culture inventory,

although in what ways must at this time remain an operi question.
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vI. CONCLUSIONS

In the‘lﬁtro&uction it was stated that grinding stones
offer considerable potential for understanding both prehistoric
lifevays and cultural\yrocesses. Much of the fqregoing‘analysis
has focused on exploring the relationship between the physical
attributes of grinding stones and their cultural context,
providing an initial basis for interpreting prehistoric
lifeways. In additiomn, suggestions were made which had
implications for understanding the cultural processes of
adaptation and evolution. 1In this section some of the major’
points made cohcernimg the physical attributes of grinding
stones and their implications for interpretation of
archaeological grinding stcpes will be summarized briefly. This
#ill be followed by a discussion c¢f sonme oftfhe suggestions made

concerning the adaptive implications of the analysis.

Physical Attributes

The first, and in some ways the mcét critical point, is
that many grinding functions exist in traditional contexts.
This point cannot be stressed too strongly, since understanding
ard interpreting the variatién present in grinding stones cannot
occur until the functional variation is recognized and accepted.
In San Mateo and Mesoamerica these functions included not only
maize grinding, but also grinding roasted beans, coffee, spices,

salt, and temper and pigments fcor pottery; mashing medicinal
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herbs; and washing clothes.

The second point is that of the three sources of
archaeological information--material, morphology, and
distribution--variaticn in function is most closely related to
‘yariation in material. The reason is that people chose material
on the basis of its suitability for the intended function. The
implications for understanding the function of prehispanic
grinding stones {and other artifacts) are coansiderable. Much
more attention needs to be given to understanding materials from
wvhich artifacts are made and their functional characteristics.
For grinding stones the material attributes that seem to be of
greatest importance include texture and hardness. These 7
material attributes are related to such functional
characteristics as the gharacteristics of the substance being
ground, the desired fineness of griand, grinding efficiency, and
use-life of the stcone. The relative importance of variousv
functional characteristics will depend both on the subStance
being ground and on its subseguent treatment and relative
economic importance. For sonme substaﬁces, such as those with a
high moisture content, a rough, open texture may be extremely ’
desirable. This would also improve the efficiency of grinding,
or the amount of material that could be processed in a given
time. On the othér hand, a smooth stone texture would be
desirable for other fuanctions, sugh as herb mashing, where the
substance being processed is relatively soft and the desired

result of processing is pulverization, not grinding. The

117



importance of a fine meal texture may be more importaat for
grains which are baked rather than boiled, and this in turn may
reflect the importance of that grain in the subsistence economy.
finally, use-life of the grinding stone increases in importance
as the quantity and economic importance of the substance being
processed increases.

Cne of the implications of the the pfevicus points for
archaeological interpretation is that material variation is one
of the more potentially useful sources of information available.
However, material classification cannot rely on geological
categories unless source of material crigin is the primary
research guestion. Where research interest is directed towérds
functional questions, classification should be based on those
material properties most_relevant to function, such as texture
and hardness.

A third point is that while the relationship between
function and material is relatively straightforward it is still
subject to modification by the cultural context, most
specifically by socioecononmic crganizaiion, The extert of craft
specialization and intercommunity interaction in particular are
likely to modify the importance of one or more functional
characteristics, and therefore of the importance of material
attributes. For instance, the availability of certain desirable
material attributes may be limited by the extent of both craft
specialization and intercommunity trade relations. Also,

use~life may become less important where extensive

118



intercommunity interaction increases the availability of
replacenents.

A fourth point concerns morphological variation. ®hile
artifact form is often assuned to‘be related to function, this
appears to be true only in a limited and indirect fashion. The
most consistent relationship between form and functiom is in
ternms of energy efficiency, and the more time and energy spent
using an artifact the more important energy efficiency becomes.
This was seen in two instances. First was the apparently
universal importance of a sloping grinding surface for stones
used to grind an economically significant staple. Second was
the tendency for the siée of the grinding surface to reflectrthe
amount of material being processed on it. Form also appears to
be related to the ability to paintain some kind of control over
the substance being processed. For grinding:stones this is most
often seen in the presence of raised sides around the grindin§
surface, although the legs of the tripodal metate allow it to be
placed over a collecting surface or containers.

A fifth, and even more important pdint concerning
mor phological variation is that there are many different
morphological solutions to the same functional problem. This is
another point which cannot be overstressed. It reinforces the
previous point about the indirect relationship of form and
function as well as having adaptive(implications as mentioned -
below. As an example of multiple morphological solations, the

desired slope of the grinding stone can be achieved in a number
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of ways. It may be propped up on pebbles, built into a
permanent bin, or made with leys of different heights.,
Similarly, there are many ways to achieve control of the ground
product.

A sixth point, corrollary to the above, is that
socioeconomic context is as important as function in détermining
form. The available technology once again is a critical factor
in that it determines the possilkle range of morphological
variation available. As well, social tradition seems to have an
influence on form mithin the limits allowed by functional and
technological constraints. Here again the legs on Mesoamerican
metates provide an example. Their desirability may be at léast
partially attributed to some semse of social "prestige®”, but
their present widespread occurrence seems to have been
facilitated by the introduction of steel tools. The influence
of tradition may also be seen in the variation in shape of the
grinding surface of metates between San Mateo and Aguacatemango,
but again withip the size limitations imposed by function.

A seventh point concerns the presént ipadequacy of
distributional data to provide functional and social
information. The reasons resulting in the spatial location and
frequency of grinding stones {and most likely other artifacts)
in the cultural context are not well known and appear to vary
with the context itself. Family structure may sometimes be
associated with the number of grinding stones per household

although this will vary depending on the underlying processes of
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family organization as well as cn the extent of village
incorporation in a regional economy. The problems associated
with interpreting this sort of variation in the material
inventory afe compounded when the cultural context is
transformed to an archaeological context, particularly since the
transformation process itself seems to vary with the cultural
context. |

Finally, the point needs to be made that no matter how
traditional modern-day Hescamerican villages may appear
acculturation is occurting, and is affecting the material
inventory. One of the results is a reduction of the variation
in grinding stone technology and function. Thus, to repeat fhe
initial point, the variation and patterning in grinding function
and technology that might be expected in an archaeological
assemblage is probably much greater tham most current

ethnographic observations would suggest.

Adaptive Behavior

Farlier it was stated that, following the assumptions of
design theory, analysis of grinding stones {or other artifacts) .
should provide some insight into the nature of the adaptive
problem being solved. The argument was that conflict would
occur between the constraints on artifact design. As a result
of selection between constraints in the design process the
artifact would show scme apparent diseconomies. These apparént
diseccononies would be balanced by other economies of greater
relevance to the adapfive problems of greatest concern to the
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users. Throughout the anaiysis of grinding stones a number of
conflicts have been noted. 1In particular, a conflict between
functional and technological constraints occurred in both
material selectior and in the form of the tripodal metate. 1In
Mesoamerica the preference for igneous materials,'especially
vesicular basalt, reflects the importance of maize in the diet
in general. HMore particularly, however, it is almost certainly
related to the practice of cooking maize prior to grinding. On
the other hamnd, the présent day preference for the tripodal form
probably reflects a vatriety of social influences, including a
long term association of the tripodal form with social prestige.
In both these. instances the resolution of the conflict was |
dependent on the modification of the technological constraints,
in part by the presence of craft specialization.

Craft specialization, with its alteration of technological
constraints, appears repeatedly as an important means of |
resolving conflicts between various constraints. 1In addition,
it represents a shift in socioeconomic organization, and a major
step in the evolution of technology. As such, it has "been the
sub ject of considerable theoretical interest. One of the
explanations that has been suggested as a critical factor in the
development of trade and, either explicitly or implicitly, of
craft specialization is differential access to scarce, localized
resources such as vesicular basalt (Rathje 1972: 386-387; Armold
1980:147) . However, the scarcity of resources doces not

automatically make them desirable, or create a demand. Their
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scarcity is irrelevant unless there is such a bPre-exisiting
demand. Another explanation that has been presented for the
development of craft specialization 1s the existence of an
inadequate subsistence'base (Arnpld'1980:1u7,150). In teality,
however, this explanation is usually based on situations where
the subsistance base is not inadegquate so nuch as unequélly
distributed, with the result that it is inadequate only for some
individuals. These individuvals may turn to craft specialization
as a means of increasing their income and thereby improving
their subsistance but onmly in the context of an already
established specialization. For an individual to originate a
specialized production activity as a source of inconme where
there is no known demand for the product would be to exchange a
known marginal existence for an unknown and almost certainly
disasterous risk. Furthermore, there wouid”have to be a
regional 6: local subsistence surplus-—or at least
sufficiency--to allcw the redistribution necessary to compensate
the specialist.

Neither of the above theories conéerning origins -of craft
specialization takes into account the source of the product
demand or the means of compensation for the specialist. The
analysis of San Hateé grinding stones suggests one possible
model for the orig;ns of craft specialization which takes into
account the source of demand, and which could be combined with
one or both of the above explanations. As maize becane

increasingly important in the diet, the functional advantages of
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using vesicular basalt or other igneous materials would also
increase. The functional desirability of vesicular basalt would
increase even more with the practice of precooking maize. 1In
fact, the igneous materials may even be necessary, in which case
there would be an extremely high demand. At the same time both
the difficulty of working the stone and its localized
distribution would make it extremely costiy. Within this
context the potential for the extended family to provide the
basis for a low order of behavior specialization could also be
guite important. Where some sinimal specialization occurred in
a domestic context, anr increased and continuing demand would
provide positive reinforcement for continued development ofr
craft specialization.

Specialization in the production of metates appears to be
the rule throughout the ehtnographic Maya area and much of
Mesoamerica (McBride 1947; Aschmann 1949; HWisdom 13940). Thé
Malacatancito guarry site, which obviously has a long history of
use, and the nearby archaeological site of Pukal, which may date
from the Formative {personal observatibn; Hayden:pers. comm.)},
both suggest that specialization in metate production has its
origins deep in the past. This is further suggested by the
appearance of the specializedrsmall footed grinding stones in
the Formativea. Once craft specializaion occurs the entire
social context has changed. Technological constraints on
mor phology have been altered, and, presumably, new socially

generated adaptive prcblems must be solved.
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Another major conflict in constraints was seen in the
choice of modern industrial replacements used to supplement the
metate. It was seen, first of all, that the metal corngrinder
was the superior choice only in terms of monetary benefit and
that the motor-driven mill was in fact preferable'in te;ms of
time, energy, and dependability. It was further suggested that
the preference for metal corngrinders proﬁably reflected a
greater involvement in activities and/or relationships where a
concern for monetary values was adaptive. Thus, the major
difference between San Mateo and Aguacatenango with respect to
modern grinding technology was attributed to the greater
involvement of Aguacatenango residents in the modern econouy,
and subsequently increased acculturation. On the other hand,
San Mateo was interprete@ as continuing to remain more
traditional partly as a consequence of greater isolation fron
modern society and increased self-dependence for subsistance;
The emphasis on artifact dependability, both in terms of
extended use-life and minimization of time and energy required
for artifact maintainence was also suggested as a partial
explanation for the apparent diseconomy of importing grinding

stones of locally non—-available material.

Foture Considerations

On the basis c¢f the present analysis of ethnographic
grinding stones a number of‘recommendations can be made. Firgt,
grinding stones deserve much more attention than they presentily
receive. When variation in material, size, and shape are taken
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into account they can provide a surprising amount of
information. Archaeological grinding stones have the potential
for increasing our understanding of subsistence behavior, the
relative iﬁportance of different subsistence resources, the
social implications of special use artifacts, and possibly even
some of the mechanisms underlying cultural change and evoluntion.
Second, material analyses should be given'a much greater role in
archaeological interpretation, particularly given the close
relationship between material and function. The importance of
material analyses should be even more apparent given the
nultiple sourcs of constraint on artifact morphology and the
variation in morphological solutions to those problems. |
Finally, design theory deserves morIe extensive use in studies of
material culture from both ethnographic amd archaeological
sources. Because design theory relates the alternative
decisions that must be made in the selection of material anﬁ
production of artifacts to the adaptive problems being solved it
has the potential for unifying multiple levels of anmalysis and
interpretation. Furthermore, it provides a solid basis for
increasing our understanding of the relationships between the
material objects of culture and the cultural contexts in which

they occur.
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