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ABSTRACT

Although ground stone artifacts comprise a sultistioortion of the
archaeological record, their use as an importamtcgoof information about the past has
remained underdeveloped. This is especially trueniling tools (mortars, pestles,
grinding slabs and handstones) used by hunter-gathd hree studies that apply novel
techniques and approaches to prehistoric millicgrielogy are presented here. Together
they demonstrate that substantial opportunitiestéar new avenues of inquiry in the
study of these artifacts. The first combines a &naptimization model from behavioral
ecology with experimental data to weigh manufaagosts against gains in grinding
efficiency for mobile hunter-gatherers. Results coanter to widespread assumptions
that mobile hunter-gatherers should not spend sinaping grinding surfaces on milling
tools. Next, gas chromatography-mass spectromé&i@N1S) is used to analyze lipid
preservation in modified rock features in dry caae&ila Cliff Dwellings National
Monument, New Mexico. A high concentration of lipjdlerived from processing a seed
resource, was recovered from a grinding surfatbase caves. The lipid content in this
surface is comparable to amounts recovered froettspbttery sherds that have been
used for radiocarbon dating. The third study ugeslsronic and diachronic variability in
morphology, use-wear, and symbolic content to asaground stone milling tools from
mortuary contexts in the San Francisco Bay Are@alifornia. Archaeological and
ethnographic evidence supports the inferred associaf certain mortars with feasting

and ritual activities. Differences in the represdion of some of these forms in male and
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female graves may reflect changes in the rolesamh@n and men in community ritual

and politics.
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INTRODUCTION

Ground stone milling tools (handstones and grindiafps, mortars and pestles)
are a greatly underutilized source of informatiboat the past. This is particularly true
for studies of prehistoric milling equipment amdngting and gathering societies, and is
a research bias that almost certainly skews ouenstehding of the past. Plant foods
have comprised a large part of the diet among margnt hunter-gatherers (Kelly
2007:67-69). And many of those plant foods werenglea or ground on milling tools.
Grinding or pulverizing foods can allow for greatatorie and nutrient absorption in the
human digestive tract (Wollstonecroft et al. 2008jght 1994) and is often a prelude to
other types of processing such as cooking or leg¢chvhich are necessary to render
many staple plant foods edible. The studies thatprse this dissertation focus on
extracting new types of information from groundr&dools. Substantial opportunities
exist for new avenues of inquiry in the study ad4é artifacts. New techniques can
provide additional tools for analysis, while tegticertain common sense assumptions can

offer fresh perspectives and insights.

Organization of the Dissertation

Research completed for this dissertation is orgahiato three independent

manuscripts, which are unified in their attemptsgléoive new insights about the past

from ground stone milling tools. Each has receh#gn submitted to a peer-reviewed
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journal. The first paper combines experiments afatraal optimality model from
behavioral ecology to decisions surrounding grostetie manufacture and use among
mobile hunter-gatherers. The second uses gas ctography-mass spectrometry
(GC/MS) to analyze the preservation and researtdnpial of ancient lipids extracted
from cupules and food grinding features in dry caaeGila Cliff Dwellings National
Monument in New Mexico. The third and final paperpoys use-wear analysis
(microscopic and macroscopic) and morphologicalgamsons to study changes in use,
manufacturing effort, and associations among madefamale graves over
approximately 6,000 years of prehistory in the Beancisco Bay Area of California.
Important findings from these research papersaragrized in the next chapter. Below
| provide some background on hunter-gatherer gratioie analyses and on the

approaches that | have used in my research.

Background and Literature Review

Application of Formal Optimality Models and Repliza Experiments to Ground Stone
Technology

Optimality models and experimental approaches eansled to understand and
predict factors affecting the manufacture and dggaund stone tools among prehistoric
hunter-gatherers. Formal models have been useettier lnnderstand decisions affecting
the organization and design of flaked lithic tedogy (Brantingham and Kuhn 2001;

Kuhn 1994; Metcalf and Barlow 1992; Surovell 2008)me models of technological
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intensification, proposed for evaluating changegrocurement and processing
technology (Bright et al. 2002, Ugan et al. 2008{tiager et al. 2006), could be applied
to ground stone use and manufacture. Formal mafafiproaches are lacking with
regard to ground stone technology, as are appte@rapirical data necessary to make
reasonable predictions. Although some ground staperiments have focused on the
production of diagnostic patterns of use-wear (Add®89; Dubreuil 2004; Hamon
2008), very little data exists to systematicallyngare functionality, grinding efficiency,
or manufacturing costs of ground stone tools (ketidauldin 1993; Schneider and
Osborne 1996, and Leventhal and Seitz 1993). Bxgeriation and modeling of
technological and energetic considerations in #sgh and distribution of ground stone
milling tools are areas ripe for important conttibas.

Archaeologists have long used changes in the frexyuand form of ground stone
milling tools as proxies for important changesubsistence. In this sense, milling tools
have been central to hypotheses concerning thadiofi and conditions contributing to,
resource intensification, sedentism, and plant citicegtion (Basgall 1987; Hard et al.
1996; Mason 1994; McCorriston 1994; Wright 1994)otder to link ground stone tools
to the processing of specific resources in prehiserchaeologists generally rely on a
combination of ethnographic analogy and commonesansions about a particular
form’s suitability for a given task. Stated or nwipst attempts to link ground stone tools
to past human behavior rely on broad assumptioostdhe relative processing
efficiency of different tool designs for differetatsks. Such assumptions are fundamental

to studies linking particular grinding tool designghe processing of specific plant foods
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in prehistory (Basgall 1987; Wohlgemuth 1996; Raszg 2008); they also undergird
claims that new grinding tools were adopted toease the production of finely milled
products in the Levant (Dubreuil 2004; Wright 199%4{tempts to identify sociocultural
influences in the past by noting the adoption,ensistence, of grinding tool designs that
are less effective for their purported tasks thaailable alternatives (Adams 2010), also
rely on assumptions about differential efficien¥gt, a review of the literature on
ground stone technology reveals few empiricallyugisied comparisons regarding the
relative efficiency of different tool form and resce combinations. While ethnographic
and ethnoarchaeological data provide valuable mébion about grinding practices for
particular resources on some tool-types (Barradt@ififord 1933; Doelle 1976; Hayden
1987; Mauldin 1993) such studies typically do natvyide comparative estimates of
grinding efficiency among different tool designs.contrast, experimentation allows
certain tool morphologies, or particular tool-resrmicombinations that may no longer be
in use to be evaluated,; it also allows observatanstime estimates to be generated for
different tool-resource combinations under congablicomparable conditions.

The use of controlled grinding experiments andpdenoptimization models can
help to put inferences based on changes in growme $echnology on a more solid
footing—and perhaps yield some interesting insigihdeg the way. Experimentation
may lend empirical support to existing assumptignsut artifact form, manufacturing
investment, and grinding efficiency, or suggestvmesly unrecognized relationships
between resource processing and milling tool destgnrmal optimality models can be

used to refine our understanding of these relatipssfurther.
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Organic Residue Analysis and Ancient Grinding Tools

Lipid analysis via gas chromatography GC/MS hashesed to identify the
former contents of ancient ceramic vessels forrs¢decades (Condamin et al. 1976;
Craig et al. 2004; Eerkens 2005; Evershed 2008icR4t985; Skibo 1992). Few
attempts have been made to apply lipid analysggdand stone artifacts, although they
may survive in porous stone matrices (Buonaser&;22007; Burton 2003; Quigg et al.
2001). Lipids are a class of molecule often tamdjébe analysis of ancient absorbed
organics because they are hydrophobic and hawsea dhance of being washed away
than many other types of organic compounds; theyasy to identify using GC and
GC/MS; and they have a greater preservation patethtn either proteins or DNA
(although they have much lower taxonomic specifjdiEvershed 1993). The persistence
of plant lipids in soil for hundreds, and even thaunds of years has been noted and
studied by solil scientists and organic geochenm$t¢sested in climate change and the
movement of nutrients through soil systems (Everst899; Rumpel et al. 2002; Swift
2001; van Bergen et al. 1997). An advantage o lgmalysis over other types of residue
techniques such as starch grain, phytolith, orgmodinalyses is in the breadth of
substances that can be detected. In addition tousaplant foods, lipid analysis via
GC/MS has been used to detect resources as dagtserestrial animals (Eerkens 2005;
Evershed et al. 1997), marine products (Craig.2@07; Patrick et al. 1985), plant resins
(Charters et al 1992; Eerkens 2002; Heron et &5),%nd bitumen (Boeda et al. 1996;

Connan 1999; Wendt and Lu 2006). The extractionaaradysis of lipids could also be
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coupled with the study of other types of moleculed have different solubilities, such as
alkaloids (Crown and Hurst 2009; Hall et al. 19B@fferty 2002; 2006).

Previous studies indicate that ancient lipids ffowd processing are preserved in
some ground stone artifacts from buried depositst(® 2003; Buonasera 2005; 2007).
Comparisons with unused rock surfaces from the samtexts, however, have shown
that significant amounts of lipids could also h&een contributed from the surrounding
soil environment (Buonasera 2005; 2007). Due tatgreexposure to oxygen and
(depending on the location in the cave) sunliglt kigher ambient temperatures, lipids
from open-air contexts in dry caves may experigreater oxidative degradation than
those from buried contexts (Buonasera 2012). Yeg¢sidues are preserved in these
contexts, their interpretation may be less probteeecause they may have experienced
less movement or exchange with the surrounding unedinorganic rock) than they
would have in a dynamic soil system.

In addition to identifying specific resources thadre cooked or stored in ancient
pots, lipids extracted from pottery sherds have bien used for radiocarbon dating
(Berstan et al. 2008; Hedges et al. 1992; Stait. 2001). Preserved lipid residues could
provide information helpful for determining whapgs of resources, if any, may have
been processed in these features. If anthropotjpitds are present in high enough
guantities it might also allow grinding featuresdalifferent occupations to be

radiocarbon dated.
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Studying Social and Symbolic Aspects of Food Penegd ools among Hunter-
Gatherers

At European contact, central California was occdjig nonegalitarian hunting
and gathering peoples dependent on the storagpranessing of acorns and other plant
resources. Ground stone milling tools were integraconomic and social
transformations in California prehistory, and vaaa in their morphology,
manufacturing costs, uses, and associations miegtrebcial and ideological changes as
well as purely economic shifts in resource use.

However, historical trends in research objectiad®ng with assumptions about
the entirely mundane character of ground stonesidw@ve caused much of the variability
and many “extra-utilitarian” aspects of these adif to be overlooked. Early descriptions
of cultural sequences in central California recagdidistinctions between several types
of mortars and pestles associated with prehistpages (Beardsley 1954; Johnson 1942;
Lillard, Heizer and Fenanga 1933). Pestles of varghapes and sizes, small mortars,
several types of bowl-shaped mortars, shallow m&rend large formal mortars were
described. Particular note was made of severaktgptarge mortars with regular and
finely finished exteriors that had flat bottoms dadnal rims—Ilater designated as
“flower-pot” or “show” mortars. As earlier concermgth defining cultural sequences and
seriating artifacts gave way to an emphasis onystgdroad-scale changes in
subsistence and mobility influenced by processgmptilation growth, territorial
circumscription, and resource intensification, fextilitarian” aspects of milling tools

were overlooked (Basgall 1987; Broughton 1994; Mic&and Hildebrandt 1994;
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Wohlgemuth 1996). Later ground stone analyses faotesed on identifying the foods
people were processing and have typically lumpedrmpt stone tools with various shapes
and sizes into very basic categories of millingsdoe., mortars, pestles, manos, and
metates).

Recent studies have not addressed the morphologidgability that exists within
these larger classifications and have not followpan earlier indications that some
types of ground stone may have functioned as aumedf social display. Investigating
finer distinctions in tool morphology, manufactwgiaffort, and use-wear through time
may allow this class of artifact to make significaontributions to our understandings of

male and female activities and social status.
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PRESENT STUDY

Methods, results, and conclusions are presentedah of the papers appended to
this dissertation. The three papers are: Appendis@Aormal Optimality Model for
Material Choice and Manufacturing Investment in @rd-Stone Milling Tools among
Mobile Hunter-Gatherers”; Appendix B, “Lipid ResiekiPreserved in Cupules and
Grinding Features in Dry Caves at Gila Cliff Dwelis National Monument”; and
Appendix C, “More Than Acorns and Small Seeds: Adbronic Analysis of Mortuary
Associated Ground Stone from the South San Fram@lay Area”. The most important

findings of this dissertation are summarized below.

Appendix A: A Formal Optimality Model for Materi&hoice and Manufacturing

Investment in Ground-Stone Milling Tools among Meliunter-Gatherers

A model of technological intensification, adaptedgredict investment in
manufacturing improved milling surfaces, was corebimvith experimental data. A
widespread assumption that mobile hunter-gathelidraot intentionally modify
grinding surfaces for processing food, and thatdjng surfaces formed exclusively
through use, is not supported by economic compasisd manufacturing costs (in time)
versus gains in grinding efficiency (amount of fqodcessed per unit time). In many
settings, it could cost a grinder more handlingetitm not shape a milling surface.

Furthermore, preference for more easily shapedlgrgntool materials should be
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apparent at sites used by highly to moderately fadhinter-gatherers who depend on
plant processing. Grinding rates increase withaasing surface area and other
improvements to the grinding surface, and costsereuped significantly faster for a
more easily shaped material such as loosely cenheatalstone than harder materials

like granite or indurated sandstones.

Appendix B: Lipid Residues Preserved in Cupules@ndding Features in Dry Caves at

Gila Cliff Dwellings National Monument, New Mexico

Lipid analysis could be quite useful for analyzgrinding features in protected
contexts. A high concentration of solvent extralgdipids was preserved in a grinding
feature in dry caves at Gila Cliff Dwellings Natadronument in New Mexico.

Analysis of the total lipid extract indicates tlitas derived almost entirely from food
processing, and that it is most likely a seed tesidhe concentration of lipids recovered
from this grinding surface is comparable with cortcations of lipids extracted from
pottery sherds and used to radiocarbon date thgective vessels (Berstan et al. 2006;
Hedges et al. 1992; Stott et al. 2001, 2003). Baseithese findings, it may be possible to
use absorbed lipid residues to radiocarbon datadbef this feature.

The grinding features or other modified rock feasuin the Gila Cliff Dwellings
caves might have been used by mobile hunter-gathdwging preceramic time periods,
or they might be associated with use by later agucalists. (It is also possible, of

course, that they were used by several differemiifgg of people over time.) The ability
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to date anthropogenic lipids preserved in theseifes could help associate specific
features with different groups, separated by time @ultural adaptation. Furthermore, it
is possible that other grinding features within dayes or rockshelters may contain
similarly high concentrations of anthropogenicgdhpduced lipids that could be analyzed

and dated.

Appendix C: More Than Acorns and Small Seeds: zld@nic Analysis of Mortuary

Associated Ground Stone from the South San Fram&iay Area

The third paper analyzed synchronic and diachrear@bility in form,
manufacturing effort, and use-wear among graveessn ground stone artifacts
spanning approximately 6,000 years of prehistothésouthern San Francisco Bay
Area. An overtly symbolic dimension associated witbrtars and pestles seems to
emerge during the Late Holocene with the additibhighly formalized and expensive
flower-pot mortars, very long shaped pestles, alditimnal embellishments such as shell
bead appligué and painted designs. Large, costtyembellished mortars exist alongside
less costly, smaller, less formalized milling todschaeological and ethnographic
evidence supports the inferred association of renrtars with feasting and ritual

activities.
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Abstract

The costs and benefits of manufacturing grindir@dstin mobile settings are
often considered to be self-evident and have reddittle formal consideration by
archaeologists. Here | discuss one simple optignaliddel and show how it can help
define factors affecting raw material preferenced aranufacturing effort for ground
stone milling tools among mobile hunter-gather@rmodel of technological
intensification outlined in Bettinger et al. (2006)adapted to predict the minimum use
times necessary to make some grinding tools maréygtive than others. The costs and
benefits of making and using improved milling seds in two types of raw material
(sandstone and granite) are modeled using expetathederived estimates of grinding
rates and manufacturing costs. Minimum use-timgaired to make the time invested in
improving tool surfaces worthwhile are comparechwéspect to the grinding tool
assemblage at CA-SCL-65, a Millingstone site int@rCalifornia. In many mobile
settings, it could in fact cost a grinder more Higgctime to not shape a milling surface.
This implies that easily shaped raw materials bletéor making grinding tools, as well
as previously improved grinding surfaces, wouldehbgen attractive resources for
mobile hunter-gatherers who depended on plant psireg for part of their livelihood.
Presence of these items on the landscape may ffaeted patterns of resource use and

mobility.
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Introduction

A number of optimality models have been applieddoisions affecting flaked
lithic technology (Bettinger et al. 2006; Brantiragh and Kuhn 2001; Kuhn 1994;
Metcalf and Barlow 1992; Surovell 2003; Ugan e2803). Similar approaches are
currently lacking for ground stone tools. Heredaliss one simple optimality model and
show how it could be used to define factors affectaw material preference and
manufacturing effort for ground stone milling toatsmobile settings. A model of
technological intensification presented in Bettingeal. (2006) is adapted to predict the
minimum use times necessary to make some grindiwlg more productive than others.

Applying optimality models to technology assumest {eople seek to maximize
energy gain relative to work effort. Although sd@ad ideological factors also affect
choices, optimizing assumptions provide a ratictatting place from which to build and
improve investigations. A benefit of using formaltionality models is that “constraints,
currencies and goals” are explicitly defined, allogviogically derived predictions to
follow (Surovell 2003:14). Although optimality madeover-simplify human decision-
making, the interplay between a simple predictivael and experimental or empirical
evidence can help to test and refine more intugixelanations. This process can also
reveal relationships that were previously overlabkend thereby provide new
hypotheses for testing.

The costs and benefits of manufacturing grindirajstan mobile settings are

often considered to be self-evident and have reddittle formal consideration by
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archaeologists. Along these lines, it is commoslyumed that mobile foragers should
expend little or no effort manufacturing food griimgl tools. Explaining that milling tools
can be used with a minimum of investment, sucloeating “ a naturally occurring flat,
unmodified rock”, Bright et al. (2002:173) expectedt milling tools associated with
early seed use by mobile populations in the GreairBshould “be made from locally
available material, and show no investment in teofatentional shaping” (ibid).
Similarly, grinding tools without exterior shapirgyt with flat or concave grinding
surfaces are frequently assumed to have formeregntihrough prolonged use and are
classified as “unshaped”. What these assumptioadank, however, is the possibility
that, even in mobile settings, time spent manufaujua better grinding surface could
decrease the overall processing times for resolikeeseeds. Users should spend time
improving the grinding efficiency of milling tool§it will reduce the total handling time
of resources.

Grinding efficiency can be increased by expandinegsurface area and/or
creating a shallow depression to retain material isdeing processed (Mauldin 1993).
Shaping milling surfaces using pecking or othecpssive techniques to even-out high
and low points increases the size of the areacdrabe employed in grinding and
increases the degree of contact between uppeoarst stones (Adams 2002). When
should mobile hunter gatherers spend more timeispapinding surfaces, and how
much manufacturing time should they invest as titenial use-time (utility) increases?
To address these questions the costs and berfafitanufacturing improved milling

surfaces are modeled using experimentally derigéichates of grinding rates and
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manufacturing costs. Minimum use times requirech&dke the time invested in
improving tool surfaces worthwhile are compared disdussed with respect to the

grinding tool assemblage at CA-SCL-65, a Millingstasite in central California.

Surface Modification and Raw Material Choice of Ivi Tools at CA-SCL-65

The Millingstone tradition—also known as the Mitjstone Horizon—dates from
the Early and Middle Holocene in southern and @ @alifornia, and is characterized by
large numbers of milling tools (manos, metatestieoati cobbles) and relatively few
bifaces or projectile points (Kowta 1969; True 198&llace 1955; Warren 1968 ). This
archaeological pattern is believed to represeleabile processing kit for “small widely
ranging groups” who emphasized collecting and @msicg plant resources while
foraging in inland areas, and shellfish while magvatong the coast (Fitzgerald and Jones
1999:71). The earliest ground stone assemblage @ArRSCL-65 dates to the Middle
Holocene and is dominated by manos and metates aidolesely cemented sandstone.
Other, more durable types of stone are also pregehe site, including greywacke and
indurated sandstones that dominate mortars antbpdisim later sites in the area.

Many of milling tools from CA-SCL-65 have peckinganks in and around the
grinding surfaces that reflect maintenance, manufacor damage from use. Some of
the pecking observed on grinding surfaces, paerbubn smooth and “polished”
surfaces, may have served to rejuvenate abraswefdse working surface. In other
cases, these marks could be remnants of intentsbragling rather than, or in addition to,

rejuvenating a working surface. Smaller grindingates often take advantage of natural
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low areas of the stone and may have been intetiganadified and expanded to
increase grinding efficiency (Figure 2). Tools wilie largest milling areas use entire, or
nearly entire, rock surfaces (Figure 3). Below, ¢bsts and benefits of manufacturing
improved milling surfaces are modeled for loosaynented sandstone and granite (a

harder raw material).

Evaluating Technological Investment with the P&stimate Model

Several models of technological intensificationjtech-models”, have been
proposed for evaluating changes in procuremenpamcessing technology (Bright et al.
2002, Ugan et al. 2003, and Bettinger et al. 2006¢se models predict the minimum
amount of use-time required for one technologyrtivigle an advantage in time or
energy over another. If gains in efficiency carréaized with increased investment in
manufacturing time, but more efficient tools arsttier to produce (especially if
manufacturing time competes with total use timegntthe decision to use the costlier or
cheaper version of a technology becomes an optifoizproblem that depends on the
amount of time a particular technology will be used

Here, a model of technological intensification pyeed by Bettinger,
Winterhalder and McElreath (2006)—the point estemabdel—is adapted to predict
threshold use times that make investment in impi@wnilling surfaces on different raw
materials worthwhile. The point estimate model \&@gdation of a broadly applied
economic optimality model (Bettinger et al. 199 hathov 1976; Metcalf and Barlow

1992). It plots costs and benefits associated aifferent technologies as discrete points.
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This allows comparisons to be made between altgmeategories of technologies

within a class of subsistence technology (e.ghjrig hooks versus fishing nets) as well
as among variations within a particular categortechnology (e.g., larger or smaller
fishing nets). Bettinger at al. (2006) describmategoryof technology as “a structurally
related set of forms which can be envisioned asifications of one another occupying a
single, continuous gain function”, whereaslassof technology is made up of alternate
categories of a technology “applied to a particslavsistence pursuit” (p.540). Given
enough data, a continuous curve might be consttuotdescribe changes in the rate of
gain for versions of a particular category of tembgy. Bettinger et al. (2006:541) note
that the point estimate approach may work bettenany cases because it requires fewer
assumptions and less extensive data sets thamegesary to derive accurate cost-benefit
curves.

The point estimate model requires that a chedf@native be compared with a
more productive, but costlier version of the saaahhology. A graphical representation
is shown in Figure 4, with the X-axis representinge. The right end of the X-axis is
manufacturing time, and the left end representgiose The Y-axis represents the rate
of gain, which is a function of manufacturing tinide initial state of a technology (point
A) and a more productive but costlier version (p&@hare plotted, and a linear function
connecting the two is constructed. The X-interadghis line shows the threshold use-
time at which the cost of making the improved vamsif the tool has been recouped. For
use-times beyond this threshold, net returns ameased by shifting from technology A

to technology B. Different categories of a techgglavith unique gain functions can also
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be compared. If a technology like C enters theupgcaind is more productive than B,
then B is likely to be abandoned in favor of C. Hwer, technology A may be retained
specifically for short-term incidental uses (Begn et al. 2006, p. 544).

Examples of formal tech models thus far have fedumn food-getting
technology—nets versus spears or hooks for fistongtlatls versus bows for hunting
(Bettinger et al. 2006; Ugan et al. 2003). Oneaadsr this bias could be that much of
this gear must be replaced or maintained contipgallthat time spent manufacturing
may compete with the time available for maximiziagd capture or collection. The
models assume that time spent making an improw@dgdimited by the amount of use it
is expected to receive. Because it is possibleséoguound stone tools for many years
without replacement (in some cases on the orddecddes), their potential utility can
greatly exceed manufacturing costs. This wouldlpdecany predictive value for the
model since under these conditions it would awag/®ptimal to manufacture the more
costly and more productive version of a tool.

However, potential use-time also depends on pettef land use and site
occupations. A milling tool can have a great déaltdity in the sense of lasting a long
time, but the manufacturer/user can only realizentfaximum utility under circumstances
that favor continued or repeated use of the sawletsuch as sedentary situations or,
where re-occupation of particular sites followseaywpredictable (e.g. seasonal)
schedule. The modeling applications shown herenasshat milling tools (especially
larger, heavier lower stones) were site-furniturd were not typically carried from site

to site. In contexts where site re-occupation wagjular, or unpredictable, the total
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potential use-life of a tool would be less relevanthese contexts, where the benefits of
devoting time to tool manufacture would be limitgdthe amount of time spent at a
location and by expectations for returning to tame location in the future, the point
estimate model would apply. This model can be fdated to show the maximization of
processing time as a tradeoff between time speking&ools and time spent grinding
resources. Specifically, manufacturing an improgedding tool should be favored in
situations where the time spent making a bettdr phas the time it takes to grind a
certain quantity of seeds with the improved ta®less than the time it takes to grind the
same quantity of seeds with the unimproved tooé filowing modeling exercise
estimates the minimum grinding times required ti&en@me spent improving grinding
surfaces on two different raw materials worthwhiteprovement in this case is
accomplished by increasing surface area of shdtasin milling slabs. The modeling
exercise also compares the cost of different ratena choices. The models employed
experimentally determined grinding rates and mastufang costs for sandstone and

granite together with averaged grinding surfacascd milling slabs at CA-SCL-65.

Methods
Grinding Surface Area
Grinding surface areas of all complete grindindpslémetates), calculated from
dimensions reported in Fitzgerald (1993:126-12i,shown in Figure 5. For
comparative purposes, grinding surface areas wbreaily divided into three groups.

Most grinding surfaces are less than 206 gmean=113crf) n=19), while those between
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200cnf and 400 crhmake up the next largest group (mean=259¢m 9). Several
metates have surface areas greater than 40@cean=741cm2, n=5). Improvements in
grinding are modeled using the averaged surfa@esdoe the small (113cfh) medium
(259cnf) and large (741cf metates at SCL-65. Because most of the metat@a-at
SCL-65 were less than 1cm deep, volume estimatzbstoscalculate manufacturing costs

were made by multiplying averaged grinding area6.5ycnd.

Experimental Data used in the Model

The model is illustrated using grinding ratesdgricultural grains on three
differently sized flat metates used with "two-hadtimanos reported in Mauldin (1993)
(Figure 6), and with results from preliminary expgnts conducted by the current
author that involved grinding small wild seeds bree differently sized shallow basin
metates and “one-handed” manos made of looselymgohsandstone (Figure 7).

Mauldin measured the time required for a Boliviaomran familiar with
traditional grinding techniques to process spegjtiantities of agricultural grains—
maize and quinoa—on “two-hand” manos and flat nestatith different surface areas.
Results showed that processing efficiency increasadinear fashion with the surface
areas of both manos and metates. The model sholigune 6 uses extrapolated
grinding rates from Mauldin's experiments for tleraged grinding surfaces found at
CA-SCL-65. Grinding surfaces on metates at CA-SGlafe generally smaller than
those reported in Mauldin (1993). They also diffeform and how they would have

been used. The two-handed manos employed in Masilstindy were longer than the
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metates with which they were paired. The grindébshind the inclined metate surface.
As the grinder worked, she leaned on the endseoffrthno, which extended past the
margins of the metate, and used a rapid back-amdkfonotion to grind corn and quinoa.
This position allowed her to use her body and bwedight during grinding (Mauldin,
personal communication, 2012).

In contrast, most of the metates at CA-SCL-65 aralls shallow basin types used
with smaller, “one-hand” manos. Smaller, one-harahos and metates are typically
associated with hunters and gatherers. As theitapties, the smaller manos are thought
to have been used with one hand and grinding daiel place with a rotary or reciprocal
motion. The conformation of a small, shallow basiortars does not allow the grinder to
apply the same kind of force that was used withtwteehand manos and flat metates in
Mauldin’s experiments. Because the grinding medatsaof these tools differ from those
used in many agricultural settings, and becausg seeds are smaller, more fibrous and
less floury than agricultural grains, grinding sater “one-hand” milling tools and wild
resources were expected to be lower than thoseneltan Mauldin’s experiments
(1993).

Preliminary results for grinding small wild seddkia, Salvia hispanicaon three
differently sized basin metates and “one-handedioaanade of loosely cemented
sandstone were also modeled (Figure 7) and compatedse in Figure 6. Differently
sized metates with shallow, ovoid depressions andrapanying handstones were
manufactured out of loosely cemented sandstonesi®in the grinding experiments

(Figure 8). The shaped milling tools were made &gking the surface with a harder,
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pick-shaped hammerstone. Some surfaces were Iynitanufactured with power tools
and then pecked. Manufacturing time was recordégfonthose tools made entirely by
pecking. Surface areas were calculated using timeula for an ellipse, and volumes
were measured using table salt.

Chia seeds were ground with the experimental timoéspredetermined fineness,
determined by visual comparison to a standardtinyesit participants at California State
University, Chico. Quantities processed after 3Autes of grinding were weighed.
Grinding times include only the time actually spgnhding; the clock was stopped when
grinders took a break, and when students switcbked between grinding and recording.
As in Mauldin’s experiment, the grinding rate in@sed in a positive linear fashion with
grinding area. Extrapolated grinding rates basethese results were calculated for the
same surface areas compared in Figure 6.

More data are available for calculating manufantucosts (Table 1). Estimates
of the volume of granite and sandstone removedipieof time by pecking with a harder
hammerstone were taken from Leventhal and Seit@91 $chneider and Osborne
(1996), and from the manufacturing experimentisf author (see above). Estimates
were very similar by material type, even acrossexpents conducted by different
individuals (Table 1). For granite, averaged volyree hour rates from Leventhal and
Seitz (1989) and Schneider and Osborne (1996) wasé to calculate manufacturing
times for shaped grinding surfaces. Because Scanail Osborne (1996) used a

different method to peck their sandstone mortarefatral mass was isolated by pecking,
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and then removed by indirect percussion), theultesvere not averaged in with the

volume per hour rate for sandstone obtained bytinent author.

Modeling Grinding Efficiencies

Figures 6 and 7 compare gains in grinding efficyewtth the cost of
manufacturing an improved grinding surface on tuifecent types of stone—sandstone
and granite. Sandstone is more easily shaped tiaaitey and the same volume of
sandstone can be removed in considerably lessttiamefrom granite (Table 1). Other
factors, such as possible effects of raw matey@ bn processing rate, were held
constant due to a lack of information but couldrim@uded in future variations of the
model. Texture, hardness, and durability may affectding rates by making one raw
material naturally more abrasive than another aag ahso affect the frequency with
which milling surfaces need to be “re-sharpenedequvenated (Schneider 2002).

In Figures 6 and 7, manufacturing time is represskby the right side of the X-
axis, the Y-axis shows the rate of gain, and tfteslde of the X-axis shows use-times
required to shift between the cheaper, less produfiirm and the more productive but
more expensive form. The initial metate surfacddbe either an unshaped surface or a
previously shaped smaller surface on a granit@wdstone cobble. This surface can be
used as is with no improvement, or improved byeasing the area of the grinding
surface. The grinding rate of the initial stateréheased on the average surface area for

“small” grinding slabs) is plotted (point A). Theigding rates and manufacturing costs
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of the improved surfaces (here based on the avetafgce area for “medium” grinding
slabs) for sandstone (point B) or granite (poins@Yaces are then plotted.
Below, | have adapted the terminology of the Begr et al. point estimate model

(2006:541) for ground stone manufacturing and foastessing.

A more costly grinding tool that increases proaggseturns will be favored over a

cheaper tool when:

where,

vV = use time
m= manufacturing time
fi(m) = the amount of resource that can be processed

The critical processing time at which the more lgoatd less costly technologies
produce equivalent returns is given by

Results and Discussion

The model in Figure 6 predicts that the net gaifinished product will be
increased by first improving the surface of a séms grinding tool if more than 3.1

hours of grinding is expected to occur. For grarafgroximately three times that
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amount of grinding (9 hours) would be required beforoductivity would be increased,
and for greywacke an expectation of approximatehyt@urs would be necessary (plot
not shown). If the experimentally derived valuesdito make the calculations are close
to those that would have been experienced by seeggsors in the past using smaller
one-handed manos and metates, it suggests thatdegreee of shaping might be optimal
in many mobile settings even when minimal use wich could be expected. It also
illustrates that greater returns will be achievedsiderably sooner by increasing the
surface area of sandstone grinding tools than toyrtg to granite or greywacke tools.
When both materials are present at or near aasiteuse time will be great enough that
overall handling time can be reduced by shapingraling surface, sandstone should be
selected over granite or greywacke unless othéorfgcsuch as a need for increased
durability, are important.

Almost all grinding slabs and handstones at CA-$5lwere made of sandstone.
This contrasts with raw materials used for milltngls from later, and presumably more
sedentary, sites in the area. At later sites irsthgh San Francisco Bay Area, milling
tools (mostly mortars and pestles, but also grigdiabs and handstones) are typically
made from indurated sandstone or greywacke (seerfgp C). Although loosely
cemented sandstone cobbles and boulders are adaattiuaw material source at CA-
SCL-65, indurated sandstone and greywacke cobhbkbaulders are also quite common
at this location. Granite and other igneous rockspaesent as well, but are rarer and tend

to be much smaller in size than many of the samésto greywacke clasts.
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Raw material selection reported in a large studgrofding tools from multiple
Millingstone sites in southern California (Hale 20@vas similar to the pattern found at
CA-SCL-65. In that study, Hale (2001) found thatdlhy available sandstone and schist
were the most frequently chosen materials for gngdmplements (grinding slabs and
handstones), although other harder, more durapkstgf rock like granite were available
at the same locations. He suggested that sandstwhschist were selected because they
were naturally abrasive and more easily shapeddtiaar types of stone.

This raises the additional question of how muclktexture or hardness might
affect innate grinding efficiency (and not just tests of manufacture). Due to a lack of
guantitative data, the modeling exercises showkigares 6 and 7 assume the same
grinding rates for sandstone and granite tools thiéhsame surface areas. Differences in
these rates could be included in future modelirgr@ses, and it would be interesting to
see how much the physical properties of differeakitypes might affect grinding
efficiency. However, the differences between mactufang rates for sandstone and
materials like granite or greywacke are quite laegel it is unlikely that potential
improvements in grinding rates based on increabesiareness alone would contribute
more to overall grinding efficiency than a discadhtate for manufacturing a larger
surface area.

Figure 7, which models values from recent experisémat ground small wild
seeds in shallow basin metates, shows a similatioakhip as that illustrated in Figure 6.
As expected, the rate of grinding productivity floese tools increases more gradually

than it does for the agricultural grinding toolserde, the amount of time spent grinding
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on a smaller surface area must be greater (7.hbfs)e it is worthwhile to manufacture
a larger surface in sandstone. Actual grindingsrataained by hunter-gatherers using
smaller surfaced one-handed manos and shallow betites to grind wild seeds
probably fall somewhere between those reported ayltn and those reported here for
processing wild seeds. Experiments using two-hanamabs and flat metates to grind
agricultural grains may tend to yield higher grimnglrates than those characteristic for
“one-handed” manos and grinding slabs used to peosmaller, less floury, more fibrous
wild seeds and grains. On the other hand, prelimidata for grinding small wild seeds
were obtained from college students who were inegpeed with grinding. Their
processing rates are probably lower than thosemdréenced grinders using the same
kinds of tools in the past. As more experimentscaralucted, better estimates of
grinding efficiencies for different tool- resourcembinations will be possible.

Grinding tools in Mauldin’s experiments, and thgsesented in Figure 7, should
be considered as alternate categories of technelgbyunique gain functionsénsu
Bettinger et al. 2006). While increasing surfacsaamproves the grinding rate for both
types of types of tools, changes on overall deaighin the mechanics of use should
result in different rates of gain. For exampletiahicreation of a small basin in a milling
slab can increase grinding rates because it helpsrttain and control the materials being
ground. Further increases in grinding rates follevabasin metates are possible by
increasing the area of a grinding surface. Flaatastand two-hand manos allow the
grinder to use greater body leverage during gripdiran do shallow basins and one-hand

manos, which may reduce fatigue (Adams 2002) akasehe overall grinding rate. The
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latter benefits may be increasingly important asrfdundancy of labor and volume of

seed or grains rises with dependence on agriculture

How Much Shaping is enough?

Although the applications of the point estimate elahown in Figures 6 and 7
predict the threshold where increasing surface laeeames profitable, they do not
indicate when it might be best to stop increashegdurface area. In fact, the critical point
in use time that one should shift to the next stafgetechnology in Figure 6 remains 3.1
hours, whether the surface area will be improved4% cnf (from a small to medium
sized basin, 113 cfto 259 cr, Figure 6) or 628 ci(from a small to large sized basin,
113 cnf to 741 cm, data not shown). Likewise, the critical use-titeshold in Figure 7
also remains 7.3 hours. This is because the expataity determined grinding rates have
a positive linear relationship with surface arearahe ranges measured in both
Mauldin’s study (1993) and for initial grinding eaqgments with one-hand manos and
small seeds obtained by the author. The point es¢irmodel assumes that improvements
are discontinuous or, if they are continuous, thay are at a maximum. For continuous
improvements that have a diminishing rate of retarmore complex curve can be
constructed to better predict when to increasestment in one type of technology or
shift to another type of technology. Linear gaindtions, however, should result in a
binary choice, with no investment where use timeelow the critical threshold, or

maximum investment once the threshold use timéban reached.
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It seems unlikely that gain functions for grinditogls are indeed linear over a
wider range of surface areas. The problem for tbenemt is that available data on
grinding efficiency are quite limited. Mauldin’s @a(1993) can be fit to a line {R
0.90), although they have a slightly better fiatgarithmic function (R= 0.93).
However they include only three data points: 71§807cnf, and 1735 cf The
preliminary data presented here for grinding wéeéds with one-handed manos and
shallow basins include just three grinding slabshis case 94cm334cnf, and 515 crh
Grinding surfaces as small as 65°@nd as large as 1100 tmere encountered on
milling slabs at CA-SCL-65. More data points migktntually reveal a steeper initial
gain for smaller surface areas, and a flatterohtgin at the upper ends of grinding areas
encountered at archaeological sites.

| predict that the actual gain functions are sighraither than linear. Grinding
efficiency should drop off rather steeply betwedrc@f and zero, but the linear function
constructed from the three points predicts a gnigdate of 68g per hour when the
surface area is zero. It is also important to tiodé the grinding times discussed here
were compared between prepared surfaces. It isuliffo gauge the gain between
completely unshaped surfaces and shaped surfacasdacthe former can be quite
variable, although differences in grinding ratesMaen unshaped and shaped surfaces
should have a steeper gain function than thosedst\prepared surfaces. On the other
hand, the rate of gain for basin metates may skmvgiderably between 500 and 1100
cn?. Obviously, the rate of gain for increasing suefacea must decline as the physical

limits of arm reach, hand size, strength, or endcgaare approached. Also, at some
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point, it may become more beneficial to shift iatwother category of grinding tool (such
as a flat metate and two handed mano) rather thatincie to increase the surface area of
a basin shape. Further experimental and ethnoasidtpeal data combined with simple
models like the point estimate model, or more ca@xphodels, may help to clarify the
conditions under which prehistoric grinders shdwge spent time improving an existing

technology, or shifted between different categooiegrinding technologies.

Additional Implications of the Modeling Exercise

This modeling exercise shows that it does not take of grinding time for some
degree of initial shaping to be beneficial. The kiog surfaces of grinding tools that lack
exterior shaping are often assumed to have formecely through use rather than
through deliberate manufacturing effort. The ragilerbehind this assumption should be
revaluated in light of the increased productivigyrged through intentional shaping of
grinding surfaces and because rock-on-rock grind@ngoves material at a substantially
slower rate than deliberate pecking (Hayden 198ikkéMand Quintero 1996).
Considering the minimum grinding times modelediguiFes 6 and 7, it seems probable
that use thresholds for manufacture would be exatethny times over in the duration
that would be required for a more useful surfac®tm simply through food grinding.

Although we often look at exterior shaping as enmkeof planning or even as a
means of social display, we also need to consiiderce for manufacturing
investments in less formal milling tools includitigpse whose exterior surfaces are

unmodified. Assuming that all grinding tools with@axterior shaping were purely
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expedient runs the risk of overlooking importammeamic decisions made by food
processors (typically women) in mobile settingse3édnassumptions may act to obscure
the importance of accumulations of these toolsattepns of land use and their effect on
site choice and central place foraging (Elston Zeanah 2002, Jackson 1991).

In a classic study that applied optimal foragingatty to Alyawara plant use,
O’Connell and Hawkes (1981) noted that seeds vggrered on several occasions where
they "should" have been included in the optimat.drealmost all cases, resource
selection was consistent with predictions frompghey choice model based on resource
ranking and abundance of higher ranked resourcesekier seeds were bypassed even
when the return rate dipped below the thresholdhath they were expected to be added
to the diet (i.e., when their addition would hamereased the return rate for the patch).
To explain this apparent discrepancy, the authotsdthat the tool kit that was in use at
the time did not include implements necessary foc@ssing seeds. They suggested that
the need to manufacture grinding tools might hacesiased handling costs of seeds
enough to keep them out of the optimal diet.

Conversely, the presence of appropriate grindingements in the technological
system and within easy reach may decrease thegsiagecost of seeds enough for them
to enter into the optimal diet. Increases in gmgoefficiency may further increase the
likelihood that seeds will remain in the optimagdiBuilding on this, the presence of
suitable and easily shaped raw tool materials neagrbimportant factor in patterns of
landscape use and people's willingness to engaggeith processing. Sites that already

contain grinding tools, especially tools with largerface areas, may present an
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advantage by lowering handling costs and increaiagange of foods that fall into the
optimal diet.

Elston and Zeanah (2002) discussed the role of emademale provisioning
concerns with the placement of sites on the lamusdaring the Pleistocene-Holocene
Transition in the North American Great Basin. Tipegdicted that sites selected by bands
of mobile foragers should be centrally locatedhsd they are adjacent to resource
patches that were exploited most intensively by eopand within short logistical forays
to resources that were more characteristicallyatgad by men, such as large game. The
presence of easily shaped raw materials for grqnthols may have been an additional
factor affecting site selection by mobile foragetso exploited seed resources. If there
are measurable costs and benefits associated aghrng more efficient grinding
surfaces, perhaps certain Millingstone sites becagreater draw overtime as the

usefulness and efficiency of tools increased witlreases in surface area.

Conclusions

Decisions affecting ground stone tool design antangile hunter-gatherers can
be modeled in productive ways if the right kindslafa are available. This paper has
focused on one type of simple optimality model tatsiders material choice and
manufacturing investment for predicting when taisuld be pre-shaped for use.
Informal, common sense, models have often assunadrtobile people should not

spend time shaping grinding tools for short-term. Bepending on the surface
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topography, however, the functionality of an unsdthjpwer stone may be quite poor and
will certainly be less productive than a shapedinglsurface. Even minimal shaping can
help by increasing surface contact or creatingghtstlepression to retain seeds more
effectively during processing. These manufactuaffigrts may improve overall handling
times. In many mobile settings, it could in facsta grinder more handling time ot
shape a milling surface. Preference for easily stapw materials for grinding tools, and
the presence of pre-existing shaped grinding toolthe landscape may have affected
patterns of resource use and mobility becauseedfitesaving advantages they provide
during food processing. With more data, it may bssible to predict how much time
should be spent improving one category of grindeahnology, and when people should
shift between different grinding technologies basedheir expected utility in mobile

settings.
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San Francisco Bay

Figure 1. Map of San Francisco Bay Area and CA-$6L-
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Figure 2. Small shallow basined metate from CA-35L(scale is in cm). Basin does not
use maximum available surface area.
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Figure 3. Large metate from CA-SCL-65 (scale isnm). AlImost the entire surface has
been modified and used for grinding.
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Figure 4. After the BWM point estimate moddb(rnal of Archaeological Scien@3, R.
L. Bettinger, B. Winterhalder and R. McElreathpbg?2).
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Grinding rate (kg'hr)
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Figure 6. Point estimate model using data for “tvemded” manos and flat metates with
agricultural grains (Mauldin 1993). The model shdfes use times after which it
becomes beneficial to manufacture a larger suipaoe to grinding.
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Figure 7. Point estimate model using data for “baad” manos and shallow basined
metates with small wild seeds. The model showsifleetimes after which it becomes
beneficial to manufacture a larger surface priagrinding.
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Figure 8. Experimental sandstone grinding tooleradpproximately 30 minutes of seed
grinding (scale is in cm).
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Table 1. Experimental manufacturing times for grebstone concavities

Volume  Time Number
Study Method Material (cn) (hrs)  cmilhr  of blows
Schneider and Central
Osborne (1996)  plug Sandstone 215 3.8 56.0 37,200
Buonasera
(present study) Pecking Sandstone 168 3.4 49.4
Buonasera
(present study) Pecking Greywacke 60 2.6 23.1
Schneider and
Osborne (1996) Pecking Granite 140 8.0 17.5 67,200
Leventhal and
Seitz (1989) Pecking Granite 275 17.2 16.0 46,000

& Mortar depression was made by pecking a groovenara central mass which was then
removed by a single, indirect percussive blow.



APPENDIX B:
LIPID RESIDUES PRESERVED IN CUPULES AND GRINDING REURES IN
DRY CAVES AT GILA CLIFF DWELLINGS NATIONAL MONUMENT, NEW

MEXICO

To be submitted to théournal of Archaeological Science

Tammy Y. Buonasera, School of Anthropology, Uniugref Arizona, Tucson

(tyb@email.arizona.edu)

65



66

Abstract

Gas chromatography-mass spectrometry (GC-MS) obbas used for many
years to help identify organic residues trappetthématrix of ancient pottery sherds. To
see if this kind of analysis might shed light oa thnctions of cupules, mortars, and
grinding surfaces found on boulders within the caaeGila Cliff Dwellings National
Monument, several samples (n=6) were taken froeethmodified rock features and
analyzed for lipid content. The lipid content israall core sample from a grinding
surface in the caves was especially notable. Tng¢e contained 278 ug/g of fatty
acids, a concentration many times greater thafatheacid concentration in the
corresponding control sample, and comparable th togcentrations of lipids recovered
from select pottery sherds used to directly dateutde of their respective vessels (Berstan
et al 2008; Stott et al. 2001, 2003). Althoughdgpivere highly degraded, abundant
degradation products such as dicarboxylic acidsdamgtroxy fatty acids, indicative of
former unsaturated fatty acids, were retained engiinding surface residue. Lower
amounts of fatty acids were recovered from a sopwak sample removed from a
blackened cupule. This residue had a relativeli laigane to fatty acid ratio and it is
possible that some portion of the lipids in theudapnay have been deposited through
years of exposure to wood smoke from heating an#ling fires within the caves.
Further testing could provide more information abgpecific sources and might allow
some grinding features or other modified rock fesdun the cave to be radiocarbon

dated.
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Introduction

This study describes the state of preservationtlamdesearch potential, of
anthropogenic lipids in cupules and ground stomfases from open-air contexts in dry
caves at Gila Cliff Dwellings National Monumenthtew Mexico (site LA 13658). It
also describes a method for sampling modified sagfaces in the field. Previous studies
indicate that ancient lipids from food processing preserved in some ground stone
artifacts from buried deposits (Burton 2003; Bu@ma2005; 2007). Lipid residues from
bedrock milling features in dry caves may expereadtigher degree of oxidation than
those recovered from artifacts in buried depobiis,interpretation of lipid sources may
benefit in other ways from not being in dynamid goivironment. Bedrock milling
features in sheltered environments such as dryscave rockshelters are not subject to
the leaching action of water as it moves throughsthil. This may tend to leave a higher
concentration of lipids in-place, and might alstaire some of the more water-soluble
degradation products that can provide importaréskbout precursor molecules.

Gila Cliff Dwellings National Monument is locateg@roximately 32 miles
northwest of Silver City, New Mexico at 1830m (6@)@levation (Figure 1). The Cliff
Dwellings include remnants of approximately 50 rackli mud structures within a series
of six caves located high in a canyon wall abogenall spring-fed stream that joins the
West Fork of the Gila River (Anderson et al. 1986yrdby 2011:1). Based on tree-ring
data, extant structures were built between A.D3128d 1287. Earlier and less intensive

episodes of construction may have also taken fgdaganing around A.D. 1240 (Nordby
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2011:4). Ceramic data indicate that the existingcstires were occupied during the late
13" century by people from the Tularosa Mogollon cfypossibly migrants from San
Francisco River approximately 60 Km northwest @& @ila Cliff Dwellings (Nordby
2011:9). Evidence also exists for intermittent asthe caves prior to A.D. 500. Archaic
period dart points, a preserved atlatl shaft alerly other perishable items, distinctive
pictographs and heavy smoke blackening beneathdatestruction, indicate the caves
were used by earlier groups of people. Unfortugatebting throughout the Iand
early 20" centuries, combined with poor record keeping fearly and extensive
excavations, have diminished or destroyed muchefaterial record. Consequently,
recent research efforts have turned to studyingtbtleitecture and other features at Gila
Cliff Dwellings that remain intact (Nordby 2011).

Some of these features include hundreds of cubatesseveral mortars and
grinding slicks that have been pecked and groutadoulders and bedrock surfaces.
Mortars and grinding slicks are distinguished frompules by the shapes and sizes of
depressions, as well as patterns of use-wear tagtom associated with these features.
Due to their diminutive size, frequent placementratiined or vertical surfaces, and
dense clustering, cupules are usually not integpras features that were involved with
food processing activities (Bednarik 2008; Gilre2a@®8; Parkman 1986). On the other
hand, a number of ethnographic accounts lend coedenthe idea that some cupules
may have been primarily symbolic or ritual in nat(ibid.). Little is known about the

function of the cupules at Gila Cliff Dwellings, @many are covered with layered
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deposits of unknown origin. Some cupules occuranzbntal surfaces (Figure 2), while
others are located on sloped or vertical surfa€ggi(e 3).

If lipids are present on or within the rock matoixcupules and/or the larger
grinding features at Gila Cliff Dwellings, they ddwprovide information helpful for
determining what types of resources, if any, weoe@ssed in these features.
Additionally, if anthropogenic lipids are presenthigh enough quantities it could allow

some features to be radiocarbon dated.

Background on Lipid Analysis of Archaeological Miadds

Lipid analysis via GC/MS is typically used to idiépnthe former contents of
ancient ceramic vessels. More recently, this tyfgnalysis has been applied to ground
stone artifacts (Buonasera 2005; 2007; Burton 200Bids are a class of molecule often
targeted for analysis of ancient absorbed orgarecause they are hydrophobic and have
a lower chance of being washed away than many ofpes of organic compounds; they
are easy to identify using GC and GC/MS; and thexeha greater preservation potential
than either proteins or DNA (although they have miaever taxonomic specificity)
(Evershed 1993). The persistence of plant lipidsoihfor hundreds, and even thousands
of years has been noted and studied by soil sstergnd organic geochemists interested
in climate change and the movement of nutrientsutpn soil systems (Evershed 1999;

Rumpel et al. 2002; Swift 2001; VanBergen et aB7)9
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Fatty acids are a type of lipid commonly usedrthaeological organic residue
analyses and are the principal components of fatds (Eerkens 2005; Evershed
1993). They are found in large quantities in afing things and are integral to a myriad
of biological structures and functions includindl ceembranes and energy storage
(Harwood et al. 1984; Gunstone 1999). Fats andcoitgain mixtures of different types
of fatty acids, and the proportions of differentyaacids can be used to identify modern
sources. In general, plants contain a greater ptiopcof unsaturated fatty acids and
animal fats have a more saturated profile (Harwetoal. 1984; Gunstone 1999). These
proportions are altered in old samples becausaindetty acids are more susceptible to
degradation than others. In particular, unsaturtgteegl acids tend to degrade much more
rapidly than saturated fatty acids making resicagsear more saturated over time
(Christie 2003:93; Evershed et al. 1992:199). Thsle the identification and
guantification of individual compounds can be acpbshed with a high degree of
certainty using GC/MS, the interpretation of thaalinto source identifications can be
far more ambiguous. Current methods for identifyptent and animal sources from
ancient absorbed residues can be placed into ¢j@meral categories: proportions of
common fatty acids, biomarkers, and compound spestéible isotope analysis (CSIA).

In addition to identifying specific resources thadre cooked or stored in ancient
pots, lipids extracted from pottery sherds have bken used for radiocarbon dating
(Berstan et al. 2008; Hedges et al 1992; Stott @081). Early efforts that focused on
dating entire lipid extracts from pottery sherdd ireconsistent results, possibly due to

contributions from the surrounding soil medium (gesl et al 1992). Recent attempts
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have returned reliable results by dating spec#ittyfacids from sherds with high lipid
concentrations (Berstan et al. 2008; Stott et@0122003).

The following study will determine the concentoatiof solvent extractable lipids
present in a cupule, a grinding feature, and sasible deposits on boulders in the dry
caves; these will be compared with the concentatidipids extracted from unused
portions of the same boulders. The general lipadileralong with fatty acid ratios and
possible biomarkers (organic compounds with airtstt taxonomic distribution) will
then be used to explore the general charactenwdrstoextractable residues and to
suggest potential sources. Instrumentation to parfoSIA was not available in the
laboratory where these analyses were conducteat&srgpecificity in the identification
of some residues from Gila Cliff Dwellings might pessible in the future using CSIA or

other analytical techniques.

Methods
Sampling
Six samples were selected and collected on Mag@®) by the author and
National Park Service (NPS) Ranger, Kara Nabemngpgaro. 10-GICL-01). Descriptions
of samples are provided in Table 1. Samples fromwisible surface deposits were
collected, and four rock samples were removed fitoerupper 1-2 cm of two boulders
with cupules and/or other modifications (RMP-5 &MP-33). Boulders and bedrock
surfaces with cupules and/or other modificationgehdesignated RMP (Rock

Modification Panel) numbers following Nordby (201&)dark, layered deposit (one of
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the two sampled visible deposits) covering theagfof a cupule on RMP-5 can be seen
in Figure 4. A white deposit on portions of thetezrsd of RMP-4 was also sampled.
Small rock cores (approximately 1.5 cm in diaméted cm deep) were removed using
solvent cleaned, diamond embedded drill bits apdrtable drill. Small rock cores were
removed from a cupule on RMP-5 (Figure 5) and feogrinding surface at the edge of
one mortar on RMP-33 (Figure 6). Control samplethefrock surface were taken from
the same RMPs where no use-wear or layered coatsgevident. Nitrile gloves were
worn during sampling, and all samples were immetifatrapped in aluminum foil and
placed in plastic bags until analyzed by the au#ttahe Institute for Integrated Research
in Materials, Environment and Society (IIRMES) atlif®rnia State University, Long

Beach during October, 2010.

Laboratory Methods and Interpretation

Once in the lab, samples were crushed using arstotleaned laboratory mortar
and pestle and were then extracted and derivatiiedving the methods outlined in
Buonasera (2005; 2007). Care was taken througbayudrd against potential sources of
contamination. Nitrile gloves were worn during jallases of sample handling and
preparation. Glassware was heated to 1000°C imadkremove organics and solvent
washed (3X) prior to use. In addition, a sampl@klas processed along with each
batch of samples to detect potential contaminarsemt in solvents, or introduced

through other laboratory sources.
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A known amount of internal standard (C19:0, Resteks placed in sample 3-2.
The response (measured in area counts) from trssused to calculate fatty acid
guantities (as FAMES—fatty acid methyl esters)lisamples. Internal standard (IS)
was not added to all samples as the potential rahgids in the samples was unknown,
and too great an amount of IS could overwhelm loamgities of fatty acids. The
potential range of lipids was unknown because theséhe first archaeological samples
from open-air contexts in dry caves to be analymethe current author for lipid content;
no similar examples were found during a literaggarch. Fortunately, the 1S in 3-2 was
in an appropriate range and is applicable to alhefsamples as they were each run on
the same column, on the same day, under the samiéioas.

Lipid extracts were analyzed on an Agilent 6890 ¢Gpled to a HP 5973 MSD
(El, 70 eV). A 2 pL aliquot of each derivatized sdenextract was injected (splitless)
onto a DB-5 column (60 m x 0.25 mm i.d.). After enthute hold at 45°C, column
temperature was ramped to 150°C at 25°C per mithee,to 285°C at 2.5°C per minute
with a 16.8 minute hold at 285°C. Inlet temperatues held at 285°. Peaks were
integrated and analyzed with the aid of HP Chenastagoftware. Identifications were
based on comparison to the NIST mass spectral asgadnd by comparison to retention
times (RT) and mass spectra of known fatty aciddaeds (Supelco 37, Supelco).

One way to sort out lipids likely to have origiedtfrom past human activities
versus those present in the environment, is to epenihe amount of lipids present in
human modified and unmodified materials from th@a&nvironment. In this study,

samples from modified and unmodified portions & same boulders (RMP-5 and RMP-
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33) were compared. Samples from features that wad to process plant or animal
resources in the past were expected to have signtfy higher quantities of fatty acids
than unused portions of the same rock.

The total lipid extract (TLE) was analyzed forteans of degradation suggestive
of original lipid content. The TLE was also usecttnpare very broad source identities
based on fatty acid ratios developed by Eerken@5Rand a 16:0 to 18:0 ratio for plant
versus animal sources used in a number of redéverghed et al. 2002; Reber and
Evershed 2006). Eerkens’ criteria for seeds anddseterrestrial herbivores, fish, roots,
and greens are based on ratios of fatty acidswfasi chain length and degree of
unsaturation from experimentally degraded residdese, only his ratios of saturated
fatty acids were used for identification. Unsatadafatty acids are subject to far more
extensive degradation, and are entirely abserdnmesarchaeological samples. Reber and
Evershed (2006) used ratios of 16:0/18:0 greater tme to indicate a plant origin, and
ratios equal to or less than one to indicate amahorigin. The latter authors caution
strongly against relying solely on fatty acid ratto identify residue sources, however,
and suggest a combined approach using biomarkdfoaSIA. Ratios of saturated
fatty acids are used here for generalized compasisand are considered within a larger
framework of identification.

Ethnographic accounts indicate that ground stoiisngitools were commonly
used to process a variety of resources. It isylikeht organic residues remaining from
prehistoric use are the result of multiple grindeamsodes, and could be mixtures of

several different resources. This means that bikenamprobably represent the best option
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for identifying specific resources, while fatty dcatios can provide general information
about the overall character of the residue (elgntpr animal). The term biomarker is
used here to refer to compounds that have a lin@eohomic distribution in nature. In
summation, the identification of anthropogenicatifroduced lipids and tentative source
identifications discussed in the following sectaomd summarized in Table 4 are based
on: 1) fatty acid concentrations present in theamand controls, 2) patterns of
degradation observed in the TLE, 3) several raifasommon saturated fatty acids, and

4) the presence of a possible biomarker.

Results and Discussion

Lipid Quantities

The two samples of visible surface residues didcoatain any interpretable
lipids. Both of these samples had very low quaggidf lipids within the same range as
blank (solvent only) samples. Table 1 lists thecamtration of fatty acids recovered from
the two core samples and their corresponding clentragures 7 and 8 are the total ion
chromatograms for the core samples and their quoreling controls. Control samples of
rock surfaces from RMP-5 and RMP-33 had similasly concentrations of fatty acids.
The core sample from the cupule on RMP-5 had g &alid concentration of 33 pg/g,
approximately seven times greater than the amaoetetted in the corresponding control
sample. Significantly, the core sample taken framdrinding surface on RMP-33 had
278 pgl/g of fatty acids, approximately 85 timesfditey acid concentration detected in

the corresponding control sample. This appreciebieentration of fatty acids is
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comparable to those from pottery sherds that haee lnsed to directly date pottery.
Other studies have had success dating sherds mimgtaeveral hundred micrograms of
lipid per gram of powdered sherd (Berstan et alB2@ott et al. 2001, 2003). The result
reported here is for the fatty acid fraction, whislthe portion important for dating; the
weight of total extractable lipid would be evenajes.

Because the residue from the grinding surface saimgd approximately 85 times
the amount of lipid as the rock sample from an udified portion of the same boulder’s
surface, it is assumed that any potential contigiburom environmentally absorbed
lipids would be too low to significantly affect tloeerall lipid profile or ratios of
common saturated fatty acids used for identifigatibhis is important because it is
possible that some portion of the lipids detectethe samples from Gila Cliff Dwellings
originate from past cooking or heating fires witkine cave. Wood smoke contains
various hydrocarbons including alkanes, polycyalomatic hydrocarbons (PAHSs), and
fatty acids (Standly et al. 1987). The possibilitgt wood smoke contributed to the
formation of some deposits in the cave was alsatiored in a prior study by geologist
Steven J. Lambert (1990, Report on file at GildfClivellings National Monument). In
the present study, it seems notable that eacheabitk samples contained similar
guantities of alkanes even though some samplesioat greater amounts of fatty acids.
As a result, ratios of alkanes to fatty acids aneegvariable. In fact, the amount of fatty
acids in the grinding surface sample is severam@rdf magnitude greater than the
alkanes, which makes the ratio of alkanes to fattgls in this sample appear as zero in

Table 3.
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Qualitative Comparisons of Lipid Content

Relative percentages of fatty acids are showrainld 2, while specific fatty acid
ratios and other lipids are listed in Table 3. @ilethe grinding surface core has a highly
saturated fatty acid profile. Given the relativelgh amounts of fatty acids in this
sample, a complete lack of oleic acid 18:1, or othenounsaturated fatty acids, together
with a relatively high amount of diacids, indicatbe highly degraded (oxidized)
condition of the residue. The ratios of saturatatyfacids identify this as a plant or,
more specifically, a seed residue. The suite afidsain this residue, including azelaic
acid (a nine carbon diacid, C9) and pimelic acidgaen carbon diacid, C7) suggests that
it may have once contained abundant polyunsatufatgdacids (Passi et al. 2003).
Autoxidation of oleic acid (18:1), a monounsatudafi@ty acid, also produces azelaic
acid (Passi et al. 2003). Furthermore, the resoduained isomers of a specific
dihydroxy acid (9,10-dihydroxy-octadecanoic acidjieh is known to form during
thermally induced degradation of oleic acid (Harass®l Evershed 2009). Taken together,
the specific diacid and dihydroxy products in tlasidue are consistent with a source that
contained higher amounts of oleic (18:1) and/asléitc and linolenic acids (18:2 and
18:3) (Hansel and Evershed 2009; Passi et al. 1888)y seed residues contain high
amounts of 18:2 and 18:3 in addition to 18:1.

The presence of the 9,10-dihydroxy-octadecanoit emuld have other
significance in this residue. Although this compdinas been linked to the degradation
of oleic acid in thermally altered residues, it kcble a specific biomarker compound in

the present context. Experiments with the therregradation of unsaturated fatty acids
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in ceramics have shown the formation of specifitydroxy acids from different
unsaturated fatty acids (Hansel and Evershed 26{a8yever, a similar pattern of
dihydroxy acid formation was not observed in degthcesidues from aged experimental
grinding tools (Buonasera 2011). Perhaps heat,iwhimuld affect residues in pots, but
not in grinding tools, is important for the fornatiof dihydroxy acids from unsaturated
fatty acids.

Residues in experimental grinding tools that wast sed approximately 20
years ago to process meat (primarily beef, but @llsaurkey, and lamb), dried
chokecherries, sunflower seeds, and clay wereagttaand analyzed in a prior study by
the present author (Buonasera 2011). Beef, driellegdherries, and sunflower seeds all
contain significant relative proportions of olemd (although the meat lipids do not
contain polyunsaturated acids such as 18:2 and ii8h tend to be large components
of seed oils). After 20 years of sitting on a laiory shelf, exposed to air and light, the
residues in these tools were highly degraded. Mbite unsaturated fatty acids had
disappeared and the dominant peaks were variousldlagradation products.

Despite the advanced state of degradation, neitleesiged chokecherry nor meat
residue contained any dihydroxy fatty acids. Tredwe from sunflower grinding,
however, contained 9,10-dihydroxy-octadecanoic,dmidl no other dihydroxy acids. The
precursor molecule for this compound was mostYilgel 0-epoxy-octadecanoic acid.
Sunflower seeds are known to contain some unuskgdienated fatty acids, in particular
9,10-epoxy-octadecanoic acid (Badami and Patil 188dam et al. 1983), which has

been shown to degrade into 9,10-dihydroxy-octadaicaacid overtime (Mikolajczak et



79

al. 1968). Complete degradation of the epoxy awith¢ dihydroxy acid seems to have
occurred in the aged sunflower residue from theearpental grinding tool mentioned
above. In this tool, 9,10-dihydroxy-octadecanoiid albut not 9,10-epoxy-octadecanoic
acid, was detected. Structures of these compourdisnass spectra are provided in
Appendix a.

It is possible that the residue in the Gila QlMivellings grinding surface is
derived from processing sunflower seeds, or perkapds from another member of the
Compositeae family. If so, this would be interegtas unburned sunflower seeds were
recovered from deposits at Gila Cliff Dwellings bl¢ir provenience, and prehistoric
origin, is in question (Adams and Huckell 1986:2&)nflower seeds were a common
archaeobotanical constituent in another Tularosgd¥on site with better documented
deposits. Cutler (1952:475, 477) reported thatraber of wild sunflower seed heads and

seeds representing several species had been fothrelMogollon site of Tularosa Cave.

Included in the total was an unstated numbet.ainnuusseed heads.
They are present in nearly every level of the ddiyesuggesting a long-
term, deliberate collection and utilization of fhlant by the Tularosa

Cave inhabitants. [Adams and Huckell 1986:287]

Although the lipid content in the cupule samples\wgaven times greater than the
corresponding control sample, at 33 pg/g of fatigs it is much lower than the amount

recovered from the grinding surface. There arersg¢veasons to doubt that the lipids in
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the cupule are related to food processing. Conisigléne amount of smoke blackening in
the caves, the black coating in the RMP-5 cup@ssyell as the high relative amount of
alkanes in the cupule core sample, it is posshaedrganics from condensed wood
smoke might have accumulated in the cupules. Theas@ surface may have acted to
collect and concentrate condensates introducedghrgears of exposure to smoke from
cooking and heating fires. Future testing of ligidsinmodified, natural depressions in
the caves as well as other cupules, could easilyead this question. Aside from residue
testing, the presence or absence of use-wear atsdchelp determine whether cupules
were used for processing. The grinding surface szdrfpom RMP-33 (Figure 5) shows
striations and leveled surfaces common to millo@4. In contrast, the cupule sampled
from RMP-5 (Figure 5) shows no evidence of levelistgations, or other types of
obvious wear that could indicate food processing.

Due to their small size, tight clustering, and fregt occurrence on surfaces that
would be impractical for food processing, cupuleswsually not interpreted as having
played a primary role in food grinding. This doed rule out the possibility that some
organic substances may have been used in assaciatiothe cupules in the Gila Cliff
Dwellings cave, however. Cupules are temporally geaigraphically widespread and
may have had any number of different functions eanings in different places or times
(Bednarik 2008; Gilreath 2007; Parkman 1986). Sswethnographic accounts attribute
them to fertility rituals, “increase rituals”, oreather control (Barrett 1952: 385-387; see

also references in Bednarik 2008:73).
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The walls of some masonry structures at Gila Cliffellings were constructed on
top of some cupule panels in the caves (Figs. Zanthe cupules in Figs. 2 and 3 are
both in cave 5 and in close proximity to severabthdllon Red” style pictographs, which
Anderson et al. (1986:57) suggest predate the mastmictures. It would be interesting
to know whether the cupules, bedrock mortars amtligrg features are associated with
later or earlier occupations. Lipid residues preseéiin some of these modified rock

features could provide a way to date the use dfiBpéeatures.

Conclusions

Although the sample size was very small, this stk provided data that are
important for future attempts to analyze absorlbg@mic residues in protected bedrock
grinding surfaces. The high concentration of lipiesovered from a grinding feature
suggests that it may be possible to use lipidsate the use of some features in the dry
caves at Gila Cliff Dwellings National Monumentidtpossible that similarly large
guantities of lipids may be preserved in bedrodkding features in other dry caves or
rockshelters. Furthermore, although lipids in thelered bedrock grinding feature were
highly oxidized, they retained some of the moreanabluble products of oxidation such
as diacids, short chain fatty acids, and hydroxty facids that can help to interpret
original source materials. These products areyadehtified in the solvent extractable
lipid fraction of milling tool samples or potterperds recovered from buried contexts,

probably because they are leached away by wateement through the soil medium.
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Finally, this study has provided a practical andcessful method for sampling bedrock

features in the field.
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Notes

1. Cupules are small depressions, often less tltam i diameter, pecked into rock
surfaces (Gilreath 2007). They occur in many ptehits contexts worldwide (Bednarik

2008).



Figurel. Gila Cliff Dwellings.
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Figure 2. RMP-5
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Figure 3. Exterior of the northeast wall of roomI&2ilt over the west end of a vertical
cupule panel on the south side of RMP-4.



Figure 5. Sampled RMP-5 cupule.
diameter.

The drilled voidpproximately 1.5 cm in
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Figure 6. Grinding surface adjacent to mortar degioen on RMP-33 (red circle
indicates approximate location of sample 3-1). ifwetar depression is approximately
10 cm in diameter.
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Table 1. Quantities of FAMEs in four Gila Cliff DWeags Samples

Sample Sample location Sample wt. () Total FAMB/G)
cupule bottom, RMP

GNM1-2 5 0.496 33.15
unmodified portion

GNM 1-3  of RMP5 (control) 0.964 4.46
grinding surface,

GNM 3-1 RMP 33 0.879 278.23
unmodified portion

GNM 3-2  of RMP 33 (control) 1.468 3.27

FAMEs = fatty acid methyl esters
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Table 2. Relative percentages of fatty acids im Giliff Dwellings samples and in an aged
sunflower residue

Fatty
Acids

c8:.0

c9:0

c10:0
cl1:0
cl2:0
c13:0
cl4:0
c15:0
clé:l
cl16:0
cl7:0
cl18:2
cl8:1
c18:0
c20:1
c20:0
c21:0
c22:1
c22:0
c24:0
Total

* From a mano used to grind commercial sunflowedseapproximately 20 years ago

Samples
GNM1-2 GNM1-3 GNM3-1 GNM 3-2 sunflower*
1 0 0.1 0 1
2 0 0.3 0 1.1
1.3 0 0.2 0 0.4
0.5 0 0.1 0 0
2.5 0 0.3 5.9 1.1
0.7 0 0.2 0 0
5 2.4 0.9 9.3 1.4
2.5 0 14 14 0.6
3 0 0 0 0
41.3 51.7 47.5 48.2 55.3
1.9 0 1.8 2.7 0.9
1 1.6 0 0 0
4.6 0 0 4.1 0
25 38.5 34.9 23.9 2
0 0.2 0 0 32
1.9 1.6 4.4 25 0
0 4.2 0.4 0 1.3
0 0 0 0 0
5.9 0 5.7 2 2.7
0 0 15 0 0.3
100 100 100 100 100

(Buonasera 2011)



Table 3. Saturated fatty acid ratios and othedépi

Ratios Other lipids
Sample €12:0/c14:0 c16:0/c18:0 alkanes/FA

GNM 1-2  0.50 1.65 0.15

GNM 1-3  0.00 1.34 0.50

GNM 3-1 0.33 1.36 0.00 9,10-dihydroxy-octadecaramicl, saturated hydroxy fatty acids
GNM 3-2 0.63 2.02 0.23

Sunflower* 0.80 1.73 9,10-dihydroxy-octadecanoic acid, saeadydroxy fatty acids
Sunflower Epoxy, hydroxy, and dihydroxy fatty aci{ddillan et al. 1983;

Badmi and Patil 1981)

* From a mano used to grind commercial sunflowedseapproximately 20 years ago (Buonasera 2011).
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Table 4. Identifications based on total fatty amehcentrations, fatty acid ratios, and a biomadaenpound.

Reber and

Sample Eerkens (2005) Evershed (2006) Biomarker Interpretation

GNM 1-2 Seed Plant poss!bly seed or other plant source, with
possible accumulation of alkanes from
wood smoke

unid. Plant natural background lipids with possible

GNM 1-3 )
accumulation of alkanes from wood smoke

GNM 3-1 Seed Plant 9,10-dihydroxy — geeq possibly from the sunflower family

octadecanoic acid
GNM 3-2 Seed Plant natural background lipids with possible

accumulation of alkanes from wood smoke
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9,10-epoxy-octadecanoic acid

==)

9,10-dihydroxy-octadecanoic acid
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Abstract

The archaeological record of central Californiatains a rich variety of ground
stone milling tools—from highly expedient cobblet®to large ornate mortars and
finely finished pestles more than half a metereimgth. Historical trends in research
objectives, along with assumptions about the dgtimeindane character of ground stone
tools, have caused much of the variability and nfamyra-utilitarian” aspects of these
artifacts to be overlooked.

This study analyzed grave-associated ground stone the southern San
Francisco Bay Area and employed use-wear analyssroscopic and microscopic) and
morphological comparisons to investigate poterisiinctions in artifact association,
manufacturing effort, and use over approximate®p6,years of prehistory. Ground stone
morphologies, patterns of use-wear, and the waygtteaind stone was interred with
people changed between the earliest and the [aesids analyzed in this study. During
the late Holocene, ground stone underwent a dii@aton of form and perhaps purpose.
An overtly symbolic dimension associated with m@tand pestles seems to emerge with
the addition of highly formalized and expensivenés-pot mortars, very long shaped
pestles, and additional embellishments such aslska@dl appliqué and painted designs.
Costly and highly embellished mortars exist alodgsmaller, less costly, less formalized
milling tools. Archaeological and ethnographic ende supports the inferred association
of certain mortars with feasting and ritual actast Differences in the representation of
some of these forms in male and female graves efct changes in the roles of women

and men in community ritual and politics.
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Introduction

Throughout prehistory, ground stone milling toledsve played a crucial role in
increasing both the quantity and repertoire of labée foodstuffs. Hence, it is reasonable
that many ground stone analyses focus on whiclstgpessources were processed with
these tools. Use-wear analysis, morphological-fonel analogies, and residue studies of
mortars, pestles, milling slabs, and handstbpes/ide important clues about the relative
importance of certain types of plant resourcestawl they were processed in the past. A
dietary emphasis has been especially prominergntral California, a region where
later, more sedentary “acorn” economies are assatwith mortars and pestles, and
earlier, more mobile populations are associatell giinding slabs and small seed
utilization. While information about subsistencengortant for understanding past life
ways, ground stone tools may be able to tell usertizain whether people were
processing a lot of acorns or mostly small seedsiaband ideological conditions
surrounding changes in subsistence labor are likehave affected patterns of
manufacture, use, and distribution of food processiols.

At contact, central California was occupied bytekely dense populations of
hunting and gathering peoples with a degree ofasgomplexity more commonly
associated with horticultural or some agricultwwadnomies. Acorns were an important
staple throughout much of contact period Califoraiad use of this resource has been
credited with supporting larger populations andaasing the amount of labor expended

on subsistence pursuits (Basgall 1987; Baumhof8L9&hen and why people shifted
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from more mobile subsistence economies to onesmbi dependent on the storage and
processing of acorns are questions of long-standipgrtance in central California
archaeology (Basgall 1987; Heizer 1949; Schulz 1981

The current picture of population growth, increhsedentism, and resource
intensification through time posits that increapeacessing labor associated with the
intensified exploitation of plant foods, especiallyorns, was absorbed primarily by
women (Jackson 1991; Jones 1996; McGuire and Hitoheld 1994; Willoughby 1963).
Social and ideological changes must have occulmavith increased demands on
female labor and emerging social stratificatiorg #re very tools central to these
economic and social transformations may in turfectsome of those changes in their
design, manufacture, and ownership. This studyaegpldiachronic changes in design,
manufacturing effort and uses of ground stone talmsg with their association with men
and women in the San Francisco Bay Area. Mortuangexts provide an opportunity
(albeit imperfect) for connecting ground stondfacts to different members, or portions
of society--especially in a region where distiredtires such as preserved house floors
and well defined activity areas are in short supply

Ground stone processing tools interred in buatalve sites in the southern San
Francisco Bay Area (CA-ALA-329, CA-SCL-38, CA-SCBZISMA-263, CA-SCL-
354—see Figurel) spanning approximately 6,000 yefgpsehistory were analyzed.
Initially, distinctions were sought among broadugse of processing tools by comparing
artifact morphologies and microscopic and macroscpgtterns of use-wear. This

information was then used to investigate potesstaial and gender-based distinctions in
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artifact design, manufacturing effort, and use dirae. Diachronic changes in form, raw
material choice, use-wear, and mortuary associatierapparent. Most striking, perhaps,
is the late addition of large finely made grindiogls and some mortars embellished with
shell bead appliqué, or painted with red, black whie pigments. Archaeological and
ethnographic data suggest that certain mortarsiqmolvide durable markers of feasting

in central California.

Archaeological and Theoretical Background

Ground stone milling tools are associated with s@inthe earliest dates for
human activity in the San Francisco Bay Area. Cbartound beneath an inverted
grinding slab at CA-CCO-696, east of Mt. Diablo bagn dated to 7920 cal BC (Meyer
and Rosenthal 1997; Milliken et al. 2007:114). Tdnisfact is associated with an early
Millingstone component. The Millingstone traditi¢gso known as the Millingstone
Horizon), is marked by accumulations of grindingbs and handstones (metates and
manos), many core and cobble tools, and very femdbflaked tools. The Millingstone
Horizon was originally identified in Early and MidHolocene contexts in southern
California (Wallace 1955; Warren1968; True 1958]) Aas since been described in
central and northern California (Fitzgerald 1998zderald and Jones 1999).
Millingstone components with early dates have bdentified at several sites in the
southern Bay Area (e.g., 6000 cal BC at SCR-17Sciotts Valley, and 7500 cal BC at

SCL-178 in Santa Clara; Jones et al. 2007). Lacgaraulations of ground stone and
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other processing tools in Millingstone sites arkelved to represent multiple short-term
procurement and processing events by small group®bile foragers (McGuire and
Hildebrandt 1994). Due to a lack of preserved siitecture, and accumulations of the
same limited array of processing tools across etyanf ecological zones, some authors
propose that the Millingstone tradition represenssrategy in which mobile foragers
used a generalized set of processing tools to #xthanging variety of productive and
easily gathered resources as they moved acrossntiecape—including shellfish, plant
foods, and small mammals—during the warmer and dady to mid-Holocene
(McGuire and Hildebrandt 1994; Jones 1996).

By 3500 cal BC a change in subsistence is app#remighout much of central
California (Jones et al. 2007:141-143). Based orefmsed site numbers, human
populations began to grow. Bifaces and projectiim{s outnumber processing tools, and
the remains of large mammals become more commortakdcand pestles become a
regular part of the ground stone technology andssiga developing reliance on acorn
storage (Basgall 1987; Jones 1996; Milliken eP@07:115). These changes roughly
correspond to evidence for amelioration of EarlyMid-Holocene warming (Jones
1996:244).

Extending from the end of the Middle through motihe Late Holocene a
generalized sequence of resource intensificatigrolean proposed for central California
(Bartelink 2006; Basgall 1987; Broughton 1994, 1.98hes 1996; Wohlgemuth 1996,
2004). Resource intensification is a process whetied overall energy capture from a

unit of land is increased, usually at the experisedecreased rate of return (Beaton
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1991; Boserup 1965; Broughton 1997). Though a tsadéfactors may come into play,
population pressure is often considered to be dlnsal agent driving increased
exploitation of abundant but lower return resourgshen 1981; Flannery 1969; Rindos
1984). In Late Holocene central California, mukifihes of evidence (including site
frequencies, functional analogies based on grotortesmorphology, zooarchaeological
and archaeobotanical comparisons, and isotopicestwdl human skeletal remains)
support a picture of increasing human populatitersitorial circumscription, sedentism,
storage, use of lower ranked resources, and inelga®cessing required to render
lower-ranked plant resources such as acorns e@haitelink 2006; Basgall 1987;
Broughton 1994; 1997; Wohlgemuth 1996, 2004).

How did these changes affect the division of ladomt men’s and women’s
statuses in the community? Increased emphasisner lanked plant food resources and
storage should be accompanied by increases ingamxéssing labor and processing
tools. Ethnohistoric accounts point to a markedsttwm of labor among native
Californian societies, with women largely respotesiior absorbing the costs associated
with plant food processing (Jackson 1991; Kroel®25]1 McCarthy 1985; Wallace 1978;
Willoughby 1963).

Among most known hunter-gatherers, women tendctbey and process plant
foods and men tend to hunt (especially for largeng). There is much cross-over in
individual roles, but females tend to practice nrask averse strategies to ensure the
security and provisioning of their offspring, andles often pursue subsistence strategies

that are more risk prone, especially when thewrégfcan be underwritten by females
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(Bliege-Bird 1999; Kuhn and Stiner 2006:17; Zea@@84). By gathering plant foods
and hunting small animals that are abundant botedsry higher processing costs,
women can ensure that their children get enouglat@n a daily basis. These foraging
activities are also compatible with minding depemtdelLarge packages of meat are
usually provided by males, but these resourcesiragg become rarer in the
environment and are less reliable in general.

Although a basic division in labor allocation seetm be nearly universal among
hunter-gatherers, variations on this theme hava beked to differences in environment
(e.g., high latitude foragers versus low latitudeagers, see Kuhn and Stiner 2006) as
well as political and economic complexity (Kelly@0293-344). Central California is
unique in that a relatively high degree of politiead economic complexity seems to
have developed among populations engaged in anguatid gathering mode of
subsistence. A decline in female status and autgnand increased rigidity in the
gendered division of labor are generally assumdtht@® accompanied trajectories of
increasing complexity in California. These devel@ons are believed to coincide with
population increase and a shift from small groupsabile foragers to more sedentary
conditions in which men engaged in logistical hongtand women focused on intensive
processing of storable plant staples (McGuire aidiedrandt 1994; Jones 1996). The
causes of these changes are a matter of contiralede] but likely culprits include
territorial circumscription. Jones (1996:246) sugggehat under increasing territorial
circumscription in central California, developmenhtvide-ranging social alliances

through systems of marriage exchange would hawaged access to a greater variety of
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resources and helped to offset local fluctuationgsource availability. Under such
conditions, women may have become valuable as asieaement social alliances
though marriage as well as for their processingrab

There are indications that the Ohlgnegho occupied the study area at contact,
practiced bridewealth as opposed to brideservisterys of marriage
(Harrington1942:30). Organization of kinship andigdtions under bridewealth systems
of marriage exchange can produce a greater loagtohomy for both men and women,
but especially for women (Collier 1988; Collier aRdsaldo 1981; Kelly 2007:288-292).
In brideservice societies, commonly associated foitagers, the husband provides labor
to the bride’s family for some period of time. lhrese societies, men are able to acquire
wives through their own efforts, and women or meyrieave a marriage more easily
than in bridewealth societies. Under bridewealteyns, more common in “horticultural
tribal groups” (Collier and Rosaldo 1981:278) andhplex hunter-gatherers (Kelly
2007:293-331), men become indebted to their elogolk who provide the gifts
necessary to legitimate a marriage. In such sesietgoods given on marriage are seen
as payment for rights to a woman'’s labor, sexuatityoffspring” (Collier and Rosaldo
1981:278) and repayment or compensation may behstyga husband and his kin if a
woman abandons such a marriage. A concomitanirrigaeed for intensive food
processing, along with the development of bridethesystems of marriage exchange,
may have led to an increased formality in womeales as processors and a decrease in
female autonomy. As women’s roles as processo@eenore rigidly defined over

time, ground stone milling tools are expected spamte more clearly with women's
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identity and female status is expected to decheGuire and Hildebrandt 1994; Jones
1996).

However, others have reasoned that as tasks arad sules diversify with
increasing economic and political complexity, fastsuch as heredity and individual
skill should gain in importance relative to a mbsssic division of tasks predicated on
gender and age (Hollimon 1990; King 1982; Ortneé81)9Increasing political and
economic complexity may, in fact, create new opdties for some women to gain
status through marriage and their productive asli{Crown and Fish 1996).
Diversification in social roles and status shoutdelvident in diversification of tools,
activities, or markers of wealth associated witHar@and female burials over time. The
position taken here is that increasing complexity ehanges in systems of marriage and
descent may serve to elevate the status of cevtaamen and men even as the overall

status and autonomy of most women and men declined.

Ground Stone Studies in the San Francisco Bay Area

In the second half of the ®@entury, an earlier concern with defining cultural
sequences and seriating artifacts gave way to gmasis on identifying broad-scale
changes in subsistence and mobility influencedroggsses of population growth,
territorial circumscription, and resource interwafion. Early descriptions of cultural
sequences in central California recognized disbnstbetween several types of mortars
and pestles associated with prehistoric gravesr(B&sy 1954; Johnson 1942; Lillard,

Heizer and Fenanga 1933). Pestles of various slaqoksizes, small mortars, several
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types of bowl-shaped mortars, shallow mortars,large formal mortars were described.
Particular note was made of several types of largdars with regular and finely
finished exteriors that had flat bottoms and fornrals—Ilater designated as “flower-pot”
or “show” mortars. Despite the excavation of madgitonal sites over several decades,
little has been done to update ground stone typegqogoposed by these earlier
investigators. Later ground stone analyses hauestxton identifying the foods people
were processing and have typically lumped grouadestools with various shapes and
sizes into very basic categories of milling toals.( mortars and pestles, manos and
metates). With ground stone being so firmly asgediavith mundane activities, even
researchers who take note of the larger sizes sradey expense of certain forms often
do not explore the potential roles of these artsat political and ritual settings.

An important departure from this trend is Alan Letleal's 1993 master’s thesis
on CA-ALA-329. He claimed that flower-pot or “showiortars would have been very
expensive items to manufacture and should be ceresidnarkers of wealth (pp.25-26).
To illustrate the substantial manufacturing costoaiated with the large, finely finished
flower-pot mortars, Leventhal described an expeninme which he and several
volunteers spent more than 17 hours using a hanonerso peck a 5 cm deep mortar
depression into a granodiorite cobble (see Levématid Seitz 1989). Flower-pot mortars
have depths and volumes many times greater thaimtbkeed experimental mortar and,
consequently, would have taken a great deal of eintkeffort to manufacture. Leventhal
also suggested a connection between large flowempaars and mortuary feasts, which

he proposed may have been hosted by lineage heAd#&&829 (pp. 261-262).
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Despite the presence of clear morphological vditgband strong indications
that some types of ground stone may have functiaseimedium of social display, little
subsequent research has focused on differenceanaofacturing costs, use, and mortuary
associations in central California. Investigatimgef distinctions in tool morphology,
manufacturing effort, and use-wear in larger sasifiieough time may allow this class of
artifact to make more significant contributionsotar understandings of male and female

activities and social status.

Links between Mortuary Treatments and Social Dinogrss

Grave-associated artifacts offer one way to conpeaple to particular types of
artifacts in the past. Numerous studies cautiomnaganaking one-to-one assumptions
between artifacts placed in graves and those #lahbed to, or were used by, the
deceased in life. Mortuary treatments are affebtedifferences in religious beliefs and
worldviews and by complex relationships among ihied (Brown 1995; Carr 1995;
Chesson 2001; Gillespie 2001). Rituals and symiyotian be manipulated for political
and economic ends by the living, and situationsreinesome types of mortuary display
could have an inverse relationship with lived sbared economic relationships have been
described (Little 1992; Hodder 1982). For this gtutbwever, it is assumed that grave
accompaniments can help to assess the horizorttaleatical status of individuals in life.
Support for this position comes from a cross-caltstudy by Carr (1995), and from
ethnographic accounts of mortuary practices ambogginal societies in central

California. Carr noted that Binford’s seminal (1981udy linking scale of social



114

complexity to differences in mortuary display igadmpotential effects of beliefs and
ideology. To investigate the relationship betweeantoary practices and a range of social
as well as philosophical-religious factors, Ca898) used data from the Human
Relations Area Files (HRAF) for 31 nonstate soeretilassified according to
sociopolitical complexity and agricultural intens{p.126). His results indicated that both
social dimensions and philosophical-religious faxt@ere common determinants of
mortuary practices. Six social dimensions--agedgervertical social position,
horizontal social position, personal identity, dhd circumstantial social classification of
the deceased at the time of death--were commosbcaged with mortuary practices in
all types of societies (Carr 1995:152). The forenaeterminant of mortuary practices
among hunter-gatherers was age, followed by védmaal position. The likelihood of a
confounding link between age and social statusiscby Carr, as the size of a person’s
social network and the number of social roles gaheincreases with age. In many
societies, there was a strong link between versicailal position and the overall energy
expenditure of mortuary practices. Differenceshia ¢nergy expended in body
treatments, preparation of interment facilities;ation of funerals, and feasting were
associated with vertical social position. Althougk quantity of goods interred in graves
was not particularly useful as an indicator of maitsocial position, thkind of goods
placed in graves was frequently associated witimdiridual’s vertical social position
across all societies (p.180).

Ethnographic accounts indicate that destructioa @éceased person’s belongings

through burning, breaking and interment was a widesd and important ceremonial
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component of burial practices among central Calitosocieties (Barrett 1952; Dixon
1905; Harrington 1942; Kroeber 1925; Willoughby 38@\ative populations along the
coastal areas of central California were decimbfethissionization in the late T&nd
early 19" centuries, and information on the cultural prastiand social organization of
contact period Ohlone peoples is limited. Nevedbg| there are several historic and
ethnographic accounts of contact period burialtoras from within the study area and
from adjacent groups. A letter written by missioesiat Mission San Jose regarding the
religious beliefs and burial practices of the Natpopulation states that, “They also
enclose with the departed all his clothes and #étimketc., thinking erroneously that he
will have need of them” (Duran and Fourtuny [1818]6:99, citation in Milliken
1991:55). Harrington’s list of culture element distitions, transcribed from
ethnographic notes he had acquired over yeardafiction with several descendants of
Mission San Jose Indians, indicates that it wasmsompractice to bury individuals in
cemeteries near the village (but not in the villagieat the deceased’s property was
destroyed, burials were flexed and cremation wasesiones practiced, and that an
annual mourning ceremony was held for all of tharigedead (1942:38). Among the
southern Pomo who occupied the coastal region rodrtitie Ohlone language area,
cremation was the primary means of mortuary treatnf@ll of the personal effects of
the deceased, together with nearly all those oftbmbers of his immediate family, and
great quantities of presents from other relateved friends were burned with the body”

(Barrett 1952:400).
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Although some grave offerings were undoubtedlyticouted by relatives and
community members, it is expected that many bagabmpaniments do represent an
individual's belongings. Whether items in gravesevaortuary gifts or were once
possessions of the deceased, they have potenpedtale information on differences in
the roles and social standing of individuals imeaisty. Patterns of association between
specific tool forms and subsets of a burial popoiatan suggest changes in the way that
vertical social position was related to age anddgeover time. Very "expensive" items
are expected to be associated more frequentlypeidiple who had greater wealth during
life, larger social networks, or who belonged taaltl@er lineages. Some types of grave
goods may or may not have been appropriate due itedaszidual’s age, gender or social
position (i.e., by virtue of their belonging to arpcular lineage, moiety, or sodality). So-
called “charmstones”—plummet-shaped, pecked andngt@longate stones—seem to
provide such an example. Several ethnographic esuncCalifornia associate
charmstones with ceremonial and religious actisjtend specifically with shamans
(references in Sharp 2000). A recent study of statbon and nitrogen isotope ratios in
skeletal samples from SCL-38 found that individuaterred with charmstones formed a
discrete cluster among the burial population, csiest with expectations for dietary

proscriptions described ethnographically for shasn(@uardner et al. 2012).
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Sample Description and Methods of Analysis

Ground stone artifacts—mortars, pestles, manospaetdtes—typically
associated with processing food or resources ssipigaents and medicinal substances
were analyzed. Other ground stone artifacts sugjias/ed stones, pipes, and so-called
charmstones were not included in the study. Bassleciated ground stone artifacts from
five southern San Francisco Bay Area sites (CA-S8LCA-SCL-65, CA-SCL-287/
SMA-263, CA-SCL-354, and CA-ALA-329, shown in Figut) provided comparatively
good temporal and contextual control in a regiomrghouse floors or other well-
defined features are frequently lacking. A totall@f. ground stone artifacts in direct
association with 116 human burials, one animal) (elikial, and one artifact cache were
analyzed from a sample of 585 burials from thesditged above (Table 1).

The temporal schemes used in this study are showable 2. Early, Middle, and Late
periods marked by changes in bead types and fremseroughly correspond to broad
cultural divisions proposed by the Central Califarliaxonomic System (Bennyhoff and
Hughes 1987). Of the 585 burials, 375 could begagsi to a temporal period (Table 3).
Temporal assignments for 283 burials from ALA-328e&vtaken directly from Leventhal
(1993: Appendix B). Other temporal assignments voased on 14C dates, obsidian
hydration results, and diagnostic bead and ornatypest reported in Bellifemine (1997),
Fitzgerald (1993), and Leventhal et al. (2010)adidlition, 10 previously undated samples
of human bone were submitted by the author for AMS testing at the University of

Arizona AMS Facility. Age and sex data were takemT Bellifemine (1997), Coombs
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(1973), Gardner (personal communication), Leventh@93), and Leventhal et al.
(2010). Based on several 14C dates and the ranaifaicts recovered at the site, graves
from SCL-354 are expected to span the Early throntgnmediate Middle periods. In
order to use data from this early site, and to ouprthe overall sample size of pre-Late
period graves with ground stone (n=20), Early anddi# period graves were combined
into an “earlier period”. Obviously, this tempohaimping cannot address important
changes that occurred between Early and Middledeamntexts. The Middle period by
itself covers more than a millennium in which sfgrant socioeconomic and
demographic changes may have taken place (Bart2liGk; Basgall 1987; Broughton
1994, 1997; Wohlgemuth 2004; Bennyhoff [1968] 199tkema 2002; Milliken and
Bennyhoff 1993; Milliken et al 2007).

Morphological and use-wear data were collecteeatly from all accessible
burial-associated ground stone artifacts (n=13@ddi#onal information derived from
artifact catalogs, field notes, drawings, and pgaphs was available for many
repatriated artifacts from SCL-38 and for severasing artifacts from SCL-354.
General forms and types of ground stone artifastsyell as dimensions, weight, and
mortar volumes were recorded. All artifacts phylbycanalyzed for this study were also
photographed and sketched. Maximum exterior dino@ss{length, width, thickness, or
diameter and height—as appropriate) of completaearly complete, artifacts were
recorded.

Physical evidence of manufacturing in the fornflaie scars, uniform pecking

scars and stone on stone grinding, as well asdfeed of coverage of each technique
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were recorded following Hale (2001). Pecking wagnized as dense clusters of small,
uniform impacts. Stone-on-stone grinding was imetgrd as an intentional part of
manufacturing (as opposed to use-wear) when itprasent over large portions of
shaped and/or symmetrical exterior surfaces andamoms. Ground stone manufacture
often follows a sequence of flaking, pecking, anddjng, where the latter stages may
remove marks from earlier manufacturing (Hayden71®®Imes 1896; Wilke and
Quintero 1996; Schneider and Osborne 1996). Instiidy, faded pecking scars were
often visible through subsequent stone on stomelong. Large flake scars were
observed much less frequently, although they wezegmt on the exteriors of several
partially shaped mortars and pestles.

Many ground stone assemblages in central Calddnmave been recorded with
poorly defined classification schemes that tenenphasize a dichotomous state of
exterior finishing (i.e., shaped versus unshapedpact the artifacts exhibit various
degrees of exterior shaping, and the greatest anodumanufacturing time and effort for
many mortars seems to have been spent in theameztdeep and broad wells. In order
to make meaningful comparisons of ground stonesbpbral period and gender, it was
necessary to define different ground stone “typmssed on the presence of a suite of
specific morphological traits. The shape and sizaartar depressions were chosen as
important factors for differentiating mortar typesid the length and degree of shaping
was important for distinguishing pestles. The shafpmortar wells can provide
information about the range of grinding or poundmgtions used in the mortar. The size

of mortar wells may be related to use and couldrbanportant indicator of relative cost
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or value. Likewise, among pestles, length and degfeshaping may also be related to
relative cost or value. Several ethnographic actsoascribe specific uses to pestles of
different lengths (Barrett 1952:216; Kroeber 1925).

In describing the following mortar and pestle typan effort was made to follow
common regional terminology as much as possiblenééathat pre-supposed specific
functions, however, were replaced with more deseegerms. “Shallow dished mortar”
or “conical mortar” was used to describe what athmight call a “hopper mortar”, and
“flower-pot mortar” was used in place of the terambw mortar”. Although,
ethnographically, some shallow mortars were usexmunction with basketry hoppers,
other shallow mortars and especially deeper coapeshmortars were used without
hoppers. Without clear physical evidence that gpeogvas attached to a mortar’s
surface, indiscriminate assignation of a term tikepper mortar” diminishes the ability
to track the initial appearance and spread of @ specific technology in the
archaeological record.

For this study, distinctions were based on maitzg, well morphology, presence

of a beveled rim, and the degree of exterior sltapMortars were identified as follows:

Small cobble mortamortar depression in a small cobble that fitslgas one hand

Shallow dished mortatoo large to be held and used in one hand, gstdfying
concavity ( 50mm deep), and concavity opening is flush wittiesae plane; no formal
rim or bevel, exterior is largely unshaped.

Conical mortar too large to be held and used in one hand, catycapening is flush
with surface; no formal rim or bevel, exterioradely unshaped.

Bowl mortar:too large to be held and used in one hand, depressdeep (> 100 mm),
concavity/bowl is U- shaped to slightly round imss-section. Opening of bowl is round
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to ovoid. Rim exterior is rounded/ natural and iiieeof rim is beveled. Pecking marks
from manufacture are usually visible below rim qper portion of interior walls.
Exterior base is rounded, not flat.

Informal bowl mortarbowl mortar with irregularly shaped exterior,l&tto no exterior
shaping.

Rounded bowl mortabowl mortar with very rounded, smooth, symmetrieeierior
(includes those that may be a naturally smooth Idmoalder/large cobble, and those with
clearly shaped/smoothed exteriors).

Ovoid bowl mortar large bowl mortar with rounded, smooth, symneedrovoid/ egg-
shaped exterior (includes those that may be aalbtsmooth small boulder/ large
cobble and those with clearly shaped/smoothediersgr

Flower-pot mortar:too large to be held and used in one hand, extsrfoitly shaped and
straight sided or with a slight waist. A flat forltysshaped rim is present that is level or
angled slightly down toward the exterior. The irdeedge of the rim may be beveled or
straight. The mortar concavity is deep (> 100 mng) broad; the upper portion of the
concavity has straight/ steep-sided walls, and/émg bottom of the well may be slightly
rounded to parabolic in cross-section (probablyed€lent on degree of use). The exterior
base is flat to slightly convex.

Other type of mortarmortar that does not fit any of the descriptione\e.

Pestles are also variably classified in many arcloggcal reports from central
California. This is generally less problematic lasit analysis often employs more
rigorous descriptive standards than mortars, inomthe number and shapes of used
surfaces, cross-sectional shape of the body, prtes&rexterior shaping, and additional
characteristics. Pat Mikkelsen (1985) providesefulgyuide for describing pestles in her
master’s thesis on ground stone from the North ClRasge of California. The
distribution of pestle lengths measured in the gmestudy was compared to Mikkelsen’s
categories for long (>350mm), medium (350 — 110manyl short (<110mm) pestles,

categories commonly employed in regional site respioom central California (p.155).
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The technigues and degree of shaping and overdyl loape and cross-section and distal
end shape, flat, slightly convex , convex, parahar wedge-shaped were also recorded
following criteria defined by Mikkelsen (1985:13%or metates and manos, the
thickness, size, and depth of the used surfacegelss the number of used surfaces and
presence and degree of shaping were recorded.

Artifacts were also analyzed for macroscopic ancrasicopic (10x-40x) traces of
use and manufacture. Macroscopic and microscopierpa of use and manufacturing
including the presence of pigments, evidence okipgg stone on stone
grinding/polishing, contact with hard, soft or tesit materials, and sheen development
were recorded on forms and documented with photagraphs using a Leica IC80 HD
camera attached to a Leica M-series stereomicrescjiteria used to distinguish
patterns of wear as having formed through contattt mard, soft, resilient, or mixed
surfaces follows Adams (2002:27-46).

Briefly, some types of use-wear visible at 10x-#@xgnification include impacts,
abrasion, fatigue, or tribochemical wear (i.e.dxwip of organic and non-organic
reaction products on surfaces resulting in sheeays 2002:27-46). Rock-on-rock
impact results in fractured and cracked mineralgréndividual mineral crystals or
clasts in a rock) as well as the removal of mingralns due to fatigue. Processing soft
intermediary substances can produce rounding oéraimgrains that extends into low
areas of the micro- and macro- topography, as agetlevelopment of sheen. Stone-on-
stone contact during grinding leads to levelingnidroscopically and macroscopically

visible surfaces through abrasive wear; sheen nsaydevelop. Scratches result from
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contact across one surface with a harder materéah@ay be visible macroscopically or
only with magnification. “Battering” refers to laegimpact marks and chips or spalls in
patterns that do not appear to be part of a shapetbod.

To investigate possible connections betweentiveald types of ground stone,
numbers of shell beads were tallied and comparazhgrgravesOlivella shell beads
were used for economic transactions and ornamentand were considered to be a
marker of wealth in contact period California (Btrl952; Barrett and Gifford 1933;
Bennyhoff and Hughes1987; Bennyhoff [1961]1977;éder 1925; Milliken and
Bennyhoff 1993; Vayda 1967). Numbers of whole (spapped)Olivella beads, and cut
Olivella beads were tallied from a combined total of 55vgs from SCL-38, ALA-329,
and from SCL-287/SMA-263. Data for ALA-329 were ¢akdirectly from Leventhal
(1993: Appendix A), and data for SCL-287/SMA-263rgvebtained from Leventhal et
al. (2010). Numbers dDlivella beads in SCL-38 graves were tallied from the auatif
catalog for that site.

The number oDlivella beads in graves with or without ground stone, thed
number of beads in graves with high-cost mortaosv(land flower-pot types) and other
types of ground stone or no ground stone was cardpasing the Mann-Whitney test.
The Mann-Whitney-U, a nonparametric counterpath&two-sample t-test, was used to
compare the mean rank of bead quantities betwesse throupings because assumptions
for the t-test were significantly violated. Beadtdbutions were not normal; most graves
either lacked beads or contained very few, whilevagraves had great quantities.

Sample size and variance were also quite diffdsetween some of the groupings. The
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Mann-Whitney test is one of the most powerful n@amgpnetric tests, approximately 95%
as powerful as the two-sample t-test when condition using the t-test are not violated

and more powerful than the t-test when they are {289:149).

Results
Earliest Ground Stone in the Sample

The ground stone assemblage from SCL-65, datitigetd/iddle Holocene, was
dominated by manos and metates. Four burials we@vated from this site, although
material from only two (Burials 1 and 4) were aghlke for analysis. Records indicate
that each of the four SCL-65 burials was coverett wairns of rock and fragmentary
ground stone. Two individuals were interred withtates over their heads. Whole or
nearly whole metates and manos associated withlburiand 4 (n=8) had small working
surface areas (the largest mano working surfacebvast; for metates it was 324 én
and were made from loosely cemented sandstoneabiabn site. Other, more durable
types of stone are also present at the site, ingugleywacke and indurated sandstones
that dominate mortars and pestles from later sites.

The next earliest site, SCL-354, contained a thegsemblage of manos and
metates and mortars and pestles. (This pattermastatwith graves from the remaining
sites, mostly dating to the Middle and Late perjadsich contained only one metate
fragment and four manos versus 54 mortars and Sitegg Field notes indicate that

some graves at SCL-354 may have been covered msamnd least two individuals, both
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children, were interred with netherstones overnrtheads—one with 3 metates, the other

with a bowl mortar.

Mortar Morphology and Patterns of Use-Wear

Results of morphological and use-wear analyseswarenarized below. Evidence
of intentional manufacture in the form of tightlgesced pecking marks and beveled rims
was present in the interiors of all bowl and flovpet mortars. By definition, all flower-
pot mortars had formally shaped and finished eatsriRounded, symmetrical clasts
appear to have been preferentially selected fol bmortars, and the exteriors of large
ovoid bowl mortars and some rounded bowl mortanevierther shaped and smoothed.

Shallow dished mortars and conical mortars wetendibrmed in large blocky
cobbles or small boulders with little to no extemeodification. While the bowls of
several shallow dished mortars evinced peckingssodicative of manufacture, similar
marks were generally absent from conical mortaosi€al mortars may have begun as
dish shaped depressions that became deeper anavaathrough use. As the depth and
shape of a mortar depression changed, the useith Whvas put may also have
changed. Some ethnographies report that shallovesigipns were better suited for
processing acorns, while deeper, narrower morti@sheere typically used to process
seeds and berries (Barrett and Gifford 1933:208Cathy et al. 1985).

Comparisons of mortar volume were made to undeggootential differences in
uses and manufacturing costs (Table 4). Mean vaduwhbowl! and flower-pot mortars

are statistically different from each other andvirboth dished and conical mortars (p <
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.001) when compared by one-way ANOVA with the Bordai multiple comparison
test. Comparative estimates of manufacturing etfased on measured mortar volumes
are also provided in Table 4. Estimated manufaoguimes here focus on well volumes
and do not consider time spent shaping exteriocthmar costs such as locating suitable
materials and transporting large heavy mortars ynraexcess of 35 kg (approximately
75 Ibs). Bowl and flower-pot mortars with large iselkould have been the most
expensive forms to manufacture (Figures 2-4). Mashather than strict pecking may
have been employed to decrease the time requinedke deep mortar bowls, such as
isolating central masses which could then be remhovith percussion (Schneider and
Osborne 1996). Yet, even with some means of redymoduction time, the manufacture
of large stone mortar bowls would still have beemgy time-consuming and labor-
intensive endeavor.

For the most part, analysis of use-wear in moreismwwvas limited to
macroscopic observations. Microscopic use-weardiféisult to observe inside deeper
mortar depressions due to interference betweemitir®scope boom-stand and mortar
walls. Microscopic observations were possible, haavefor a few shallow mortars and
mortar fragments.

Overall, use-wear observed in flower-pot mortard bowl mortars was
concentrated in the center of the well, and wasistent with pounding rather than
rotary grinding. Used surfaces in the center oivopot and bowl mortars were typically
rougher to the touch and exhibited darkening. Ftionaof a secondary, smaller

depression could often be discerned in the ceptndion of the well. In some flower-pot
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mortars, leveling and polish consistent with stonestone grinding bordered the central
area and extended to the base of the walls. Thaliffeyent locations and types of wear
patterns present in some flower-pot mortars coefli@éct processing of different
resources (i.e., small seeds, and acorns or anatiger nut/seed), or different motions
involved in processing the same resource. Excepaheir basal/ lower portion, the
steep walls of both bowl and flower-pot mortarseaned to have had little involvement
in grinding—pecking scars from manufacture weraudievisible on the upper portions
of interior walls—but they would have been usetirl ¢dontaining food during processing.
Shallow mortars in this sample had use-wear cardistith either pounding or
grinding, while conical mortars tended to exhilotibtypes of wear on the same tool
Microscopic observations in two small cobble mataom SCL-354 revealed a rugged
micro-topography of cracked and fractured graimcating they were unused, or had

been recently re-pecked.

Pestle Morphology and Use-Wear

Direct measurements were possible for only 49 efaf pestles recorded as grave
accompaniments (others were reburied, were miseingere fragments). However,
drawings, photographs and descriptions in artifatalogs and field notes made it
possible to assign more pestles to short (n=2)june=29), and long (n=32)
categories. The distribution of measured pestlgtlenin this study (n=49, Figure 5)
suggests that the size classes defined by Mikk¢ls#8b), which were based on pestles

from the North Coast Ranges of California, mighahered to better represent those
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encountered in the San Francisco Bay Area. Alteraaize classes based on the
distribution of pestle lengths shown in Figure &:aminiature pestles (< 100 mm) (n=1),
short pestles (100 — 170 mm) (n=1), medium pegllés mm — 270 mm) (n=17), long
pestles (271 — 370 mm) (n=13), and very long pegte370 mm) (n=17). Length may
have certain functional associations, such as utsediferently sized mortars and with
different types of materials. These alternative slasses agree with descriptions
provided by Barrett (1952:216) of different pedtipes used among the Pomo, who
occupied territories to the north of the proje@aarA photograph with accompanying
description, “used in grinding acorns or other tab®ods”, shows three shaped pestles
that are 282 mm, 313 mm, and 602 mm long, cyliradiit cross-section with flat to
slightly convex distal ends and tapering proximal®(p.216). Three shorter pestles with
lengths of 169 mm, 134 mm, and 70 mm, are descabédsed in grinding meat, etc.”
Barrett explains that shorter pestles were usgudpare medicines or grind paints, for
pounding dried meat or dried fish to be boiled, atsd for pounding small whole
mammals for broiling (p.176).

All burial-associated pestles from SCL-38 and AB29 (generally dating to the
Late period) were completely shaped by peckinggaimtling. Almost all had slightly
convex to flat distal ends. Some were cylindricaslightly expanding toward the distal
end. Many resemble miniature baseball bats or clulk the distal end rounded and the
body gradually tapering and then expanding to é&ked or “flanged” proximate end
(Figure 6, center pestle). The pestles with symicadly rounded distal ends may have

received less use than those with flatter endsseéeral knobbed pestles, the proximal
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end has a depression pecked and ground into theradrthe knob. Other pestles taper to
convex proximal ends rather than a knob. Sevestlgge(n=4) had one or more ground
facets at the proximal end, indicative of stonestomie grinding. Three pestles had
notably wedge-shaped distal ends.

Two unshaped cobble pestles were recovered fronddl&lperiod grave at SCL-
287. Many medium unshaped cobble pestles were eeed¥rom SCL-354, and these
displayed multiple types of wear such as spallsianicts on the ends indicative of
pounding and battering, as well as one or moresdiugt were ground flat from use as a
mano. Because provenience information was laclongniost artifacts from SCL-354, it
is not known which or how many of these pestlesvassociated with burials.

An interesting pattern of wear was noted on masg land medium shaped
pestles. Microscopic use-wear on the distal endbasfe pestles was consistent with
those expected for impacting a soft material likeras—or possibly a resilient material
like wood. Grains were very rounded, and smootknag observed between high and
low areas (Figures 7a and b). This pattern corstragh the sharp edges of fractured,
crushed grains from rock-on-rock impact that camleerved in Figures 8a, a
photomicrograph taken at 40x of the bowl of a fheshanufactured sandstone mortar.
Figure 8b shows this same experimental mortareasiime magnification after one hour
of acorn processing. Some rounding of grains haady taken place, although not to the
extent visible on the distal ends of pestles inrgg 7a and b.

The patterns observed on the ends of most longreettium pestles may have

resulted from pounding acorns. Ethnographic souscélsrecent experiments indicate
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that maintaining a cushion of meal between thel@estd the mortar during processing
works well for reducing acorns, and helps to prévamer pieces of grit from being
introduced into the meal (McCarthy et al. 1985;i001991). Avoiding repeated rock-on-
rock contact with a cushion of processed mater@alld explain a lack of crushed,
fractured grains and the very rounded and smodabedarance of the surfaces in Figures
7a and 7b. Similar patterns of wear might also fdexeeloped from contact with a
“resilient” material like wood (Adams 2002:37-3%\dapersonal communication 2011).
The pattern of striations observed on many of #&&lpes could be specific to pounding a
thick cushion of soft material on a hard surface;auld have formed through use in a
wooden mortar. Presently, not enough experimeratia dn mortar and pestle use-wear
exists to sort out the two possibilities. The fssenario—pounding a thick cushion of a
soft material in a stone mortar—seems promisingtduke pronounced rounding and
smoothing that is visible over the spalled endseveral pestles.

Several pestles (n=5) had patterns of wear on th&tial ends indicative of
sustained contact with a hard surface. Two of tese medium length cobble pestles
that exhibited fractured and crushed grains inctr@ral portion of the distal end, but
showed leveling and polish around the margins. phttern indicates that both pounding
and a rotary grinding motion with substantial ramkrock contact may have been

employed.
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AMS 14C Results and Radiocarbon Dates for BowlEtePot, and Embellished
Mortars

Results for 10 samples of human bone submittedkd® 14C testing are
presented in Table 5. Several dates are interelsénguse they indicate earlier and longer
term use of some sites in this area. Radiocarbonglplaced several burials from SCL-
354, originally believed to be a predominantly Eamériod site, in the intermediate
Middle period. On the other hand, two Early peridades associated with site SCL-
287/SMA-263 are noteworthy because most dates tinigrsite fell within the
intermediate Middle period (Leventhal et al. 20I®adiocarbon dates for bowl and
flower-pot mortars are shown in Table 6, and 14t@sléor painted mortars are provided
in Table 7. Dates for Bowl mortars span the Eadsiqu, Middle period, and Phase 1 of
the Late period. Flower-pot mortars, with and withbead inlay, and mortars painted
with linear designs were associated with the Latgod. One mortar with red pigment
inside the bowl, and which may have had a redeswipthe exterior, dates to the Upper

Middle period.

Distribution of Mortars and Pestles through Timeddyy Sex

More types of mortars and pestles were presdhieihate period sample than in
the combined Early and Middle period sample (T&)leMost mortar and pestle types
noted in the combined Early and Middle period gsawere also found in late period
graves, while several new types of ground stoneroed in the Late period. Radiocarbon

dates associated with bowl mortars of various extehapes (irregular, round, and
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ovoid) spanned Early, Middle, and Late periods,ete most common in earlier time
periods. Shallow mortars and small cobble mortasevalso present in both earlier and
Late period graves. Medium length cobble pestle®wemited to earlier contexts in this
sample, while conical mortars, flower-pot mortamsl éong and medium fully shaped
pestles were limited, almost exclusively, to Lageipd graves (one long, shaped pestle
from SCL-38 was found in association with a budaling to the Middle to Late
Transition). Long and medium shaped pestles domithet Late period ground stone (n=
59). Six of seven mortars with additional embelisnts also date to the Late period.
Some of the increased diversity could be due terihces in sample size; the sample
includes more than three times as many Late pepiades as the combined Early and
Middle period graves (Table 3).

Although there were more male graves than femaees in the total sample,
more female graves contained ground stone (TablEh® number of female graves with
ground stone was significantly greater than the memof male burials with ground stone
(X? =20, p < .001). This was largely due to the highenber of female graves with
pestles during the Late period; more than twicmasy pestles were associated with
female graves than male graves during this pefiathle 8). Conversely, more male than
female graves had ground stone during the eadigog, although the difference was not
statistically significant by Chi square analysis at.05. Differences also existed in the
association of mortars, especially the largestrandt expensive mortars, among males
and females (Tables 6 and 8). More male gravedbatlmortars than female graves

(Table 6). Also, mortars were more frequently agded with male burials during the
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Early and Middle periods—possibly because moshefitowl mortars in the sample date
to this timeframe. In contrast, large formal, flowmt mortars, which date to the Late

Period, were equally represented in male and fegrales (Table 6).

Comparison of Bead Distributions in Graves with avithout Ground Stone

Table 9 shows the mean number of cut and spirecld@tivella beads in 103
burials with ground stone milling tools, and in 4dfrials without ground stone (graves
from the two oldest sites, SCL-65 and SCL354, wexteincluded). Mean numbers of
Olivella beads in graves are also broken down by assaciaiib three different
categories of ground stone: bowl and flower-pottarst all other mortars, and pestles.
Differences in the distribution of beads acrossabsiin each group were compared,
pairwise, using the Mann-Whitney-U test. Althougk tiverage number of beads is
greater for graves without ground stone than thwa#eground stone when all ground
stone types are lumped together, a different mlatiip emerges when graves with bowl
and flower-pot mortars are separated from othenrgicstone types. Graves with bowl
and flower-pot mortars have significanthorebeads than graves without ground stone
(p <.001), and more beads than graves contairthngy gategories of ground stone (p <
.001) (see Table 9). Graves with conical mortdrallsw dished mortars, and other

mortars, have the fewest beads of any category.
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Embellishments on Mortars

Several mortars were decorated with shell applajygigment at some point
during their use-life. All date to the Late periaad were associated with burials of both
men and women. Three flower-pot mortars have retsrafrsquare cudlivella beads
laid into a thin layer of bitumen (asphaltum) oeithims (Figure 9, Table 6). Bitumen,
found in numerous seeps around the Bay Area amdy ahuch of the California coast,
was commonly used as an adhesive for shell bedajapmn charmstones, large abalone
shell ornaments, and some mortars. One largeyffmashed ovoid bowl mortar may
have also had bead appliqué on its exterior (SCL-38
# 50-17, see supplementary material). This moarttack residue over portions of the
exterior that resembles samples of archaeologitailen under low-power
magnification; it was associated with 838 squarediivella beads. Two of the flower-
pot mortars with bead appliqué were associated witlvidual graves of adult males and
one was associated with the grave of two adult fesndhe large ovoid bowl mortar
associated with many cut beads and possibly cadtbditumen was interred over the
head of young adult male, aged 18-21. All mortaith Wwead appliqué date to the Late
period.

Four other mortars were discovered to have pigraertheir exteriors in what
appears to be linear designs and fields of solidr¢@able 7). Three have faded bands or
lines painted or drawn with red and white, or neHite and black pigments on their
exterior surfaces (Figures 10-12). The fourth leaispigment coating the interior and

may have had a red band on the exterior (see supplary material). Use and handling
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wear occurs over pigmented areas on at least twlteahortars, suggesting that some
mortars were embellished with pigment in their ylage context. Others may have been
painted as part of mortuary ritual. It is possithlat some mortars were painted on
multiple occasions and for different reasons.

The painted mortars have different morphologiesraagl have been used in
different contexts. Three were associated with ggaf individual women, and one was
associated with a double burial of two young meifflover-pot mortar with red and
white bands (ALA-329, #1315) was associated witlolaler woman who was also buried
with severaHaliotis ornaments and 748livella beads (Figures 10a, b). Another
woman, 39-44 years old, was interred with an odtitypular-shaped mortar at her feet
(ALA-329, #2660, Figures 11a and b). Her grave alsatained a charmstone. The
mortar had many lines of different thickness anldrsp including several thin black lines
may have transected the bottom—although this podidhe design, which would have
rested on the ground during use, appears to haue aveay. The highly worn interior is
deeply conical and was used primarily with a ciacyrinding motion in addition to
crushing and pounding. Based on an inflection enahgle of the interior walls, the
interior may have once been more bowl-like, butanee cone-shaped through prolonged
and intensive use.

A third painted mortar (ALA-329, #1496) was asstaiawith a double burial of
two young adult/ adolescent males (Table 6). Thialsmortar has black, red, and white
pigment on the exterior sides (Figure 12a) and hack intersecting lines over a red

background on the bottom exterior (Figures 12BFtde fourth mortar (ALA-329, #
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2535) is shaped like a miniature bowl mortar areititerior was coated with red
pigment (see supplementary materials). There srald and possibly white pigment on
the exterior of the bowl. Unlike the other threaifged” mortars, which date to the Late
period, this one dates to the Upper Middle perfodeeper analysis of the potential
symbolic associations of the linear patterns, dsagadentification and sourcing of the

pigments, is merited.

Discussion

Trends in Tool Function and Grave Association

The way that ground stone was interred with peobbnged between the earliest
and the latest time periods analyzed in this stAdthough the sample for the earliest
time periods is small and suffers from poor recpsdsne patterns can be suggested.
Ground stone milling tools were associated withheafcdhe four earliest burials in the
sample, from SCL-65 and dating to the middle HahecéMost of these artifacts were
handstones and grinding slab fragments from caivaishad been constructed over the
graves, and few were formally shaped. A high proporof burials from the next oldest
site (SCL-354), dating to the Early period andiaiMiddle period, also contained
ground stone. In contrast, most of the later (meiate Middle through Late period)
burials did not contain ground stone, but the gdosttone items from the Late period
were formally shaped and finely finished artifa@sme, like large flower-pot and long

shaped pestles, would have been very costly ing@frmanufacturing time and effort.
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Overall, more expense and ornamentation is appardnirial associated ground stone
dating to the Late period.

There also seems to have been a change in thegred¢eof raw lithic materials
associated with the earliest ground stone toadsn fihe Middle Holocene, and those
from the later Holocene. Many of the earliest gigtone tools, handstones and grinding
slabs from SCL-65, are made from loosely cemeraedstone even though more
durable materials, including greywacke and indwra@ndstone, are present in the same
locality. Later, most processing tools (mortars padtles) in this area are made from
greywacke and indurated types of sandstone. Chamgaw material preference may be
related to differences in processing requiremetetsming from changing resource use,
and/ or to changing patterns of mobility over tire&pectations for the length of time a
tool would be used could have influenced matehalice. Because they are less costly to
shape, less durable, more easily worked materialshmave been selected for
manufacturing grinding surfaces used for relativaprt periods of time (Hale 2001;
Buonasera 2012). It is also possible that physieatacteristics of the loosely cemented
sandstone allowed for greater grinding productibiy were not suitable for heavy
pounding. Grinding and pounding experiments cowligh tho sort out the most influential
factors.

Shallow dished mortars, conical mortars, and copb#ltles evince a broad array
of use-wear and appear to have been used for meuttipcessing tasks. Use-wear
patterns and lower manufacturing investment suggestshallow dished, and conical

mortars, as well as medium length cobble pestles w®re generalized in function, and
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perhaps more strictly utilitarian than formally pled mortars and pestles. Cobble pestles
were associated with earlier contexts. Shallowetismortars were present in both earlier
and Late Period burials, while the few conical ragtwith associated dates were all
found in Late period graves (Table 7). These praioggools show a high incidence of
battering, gouging, pounding, and use of rotargajrig motions. Some rounded and
irregular bowl mortar types showed wear consistétit grinding as well as pounding.

On the other hand, flower-pot mortars, ovoid bowlrtars, and shaped pestles generally
showed use-wear that was most consistent with pograth intermediary substance.
Bowl mortars were associated most strongly withdiedoeriod graves, but were also
present in some Late period graves. During the pat®d several additional types of
ground stone artifacts appear that are more sjpaggkin form and use-wear although
other types of mortars with a wider range of usavo®ntinue to be present as well.
Based on the sample analyzed here, it seems thagadarlier periods many grinding
tools were used for various types of processinkstasut later in time there may have
been a pronounced dichotomy between multipurpofimmgiiools, and those that were
more specialized in function.

During the Late Period, pestles were associatell fethale graves (n = 26) more
than twice as often as they were with male grames12). Almost all of these pestles are
fully shaped and of a size consistent with vegetadl processing (Barrett 1952:216).
This lends some support to the idea that food @$ing was strongly associated with
women during the Late period. Also, pestles makéhedargest category of ground stone

milling tool in the Late period sample and may hheen items that were typically
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owned by individual women. Most of the pestles sipatterns of use-wear indicative of
pounding a softer surface. These patterns may Iheee formed by pounding a cushion
of acorns or another large nut/seed in stone nsa#tar, through use with wooden
mortars. Additional use-wear experiments are ne¢uledparate these choices.
Interestingly, although the sample is small, bowlktars were associated more frequently
with male than female graves. In the sample andlyzee, all single graves of known
sex that contained bowl mortars were male (n g bowl mortar was recovered from
a double burial of a male and female; several weesl as mortuary vessels for infants (n
= 3); and the remainder (n = 3) were buried witfdantified human remains. On the
other hand, flower-pot mortars were equally likedybe buried with men or women.

Bowl mortars were best represented during earhe periods while flower-pot mortars
are associated with the Late period. Finally, thmeetars painted with red, black and
white pigments were discovered among the ALA-328cton. Two of these mortars
were associated with women and all date to the heted. Potential implications of
these temporal and gender-based ground stone asgosiare explored further in the

following sections.

Food Preparation, Feasting, and Politics

Staple plant foods have connotations that exteydid nutrition in many
societies, and consumption and preparation of tfeesks can replicate and reinforce
social order (Hastorf 1991:148). Sexual and repctde connotations associated with

milling tools are known to exist in many culturattsngs (Mithen et al. 2005). It could be



140

argued that sexual and fertility metaphors areneieto the shape of mortars and pestles,
in the motions used during the production of miligdducts, and in the product itself
(Koerper 2007:91). The placement of some typesartans and pestles in south Bay
Area graves may reflect this type of associatidre practice of placing metates and later
bowl mortars over the heads of deceased indivigaalsvell as interring infants in
mortars, could be related to a procreative, lifeéo or womb metaphor. In addition,

many of the long shaped pestles recovered fronplated graves were placed between
individual's knees, seemingly representative ohallois.

Foods and their preparation, when associated vtal and ceremonial events,
may take on stronger or additional symbolic compdsmiéHastorf 1991). Among many
central California groups, large batches of acousmwere typically prepared to
accompany dances and religious celebrations (Kraed#hb; Powers 1877). Moreover,
an annual acorn dance—a first fruits ceremonyHeracorn harvest—was also widely
observed (Collier and Thalman 1991; Kroeber 192 1932; 1933). The association
of food preparation and serving with public ceremenfestivities, and rituals may have
influenced the development of formalized tool sisaged the overtly symbolic
dimension apparent with some milling tools in tbeth Bay Area. Formalized shapes
with high manufacturing costs, along with embehmEnts added to some mortars (inlaid
beads, painted exteriors) and pestles (flangeledisor ringed proximal ends) suggest
that social displays of wealth and other symbohgene important for the people who
used those milling tools. In particular, some @& targest and finest mortars may have

been associated with feasting activities and mas b@longed to lineage heads, or other
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individuals of high standing responsible for orgamg festivities and supplying food for
feasts during the annual cycle of dances and ciebs.

The hierarchical nature of aboriginal societiethm San Francisco Bay area is
mentioned in several historical documents and veasribed by early ethnographers
(references in Milliken 1991:59-61). Earlier podidas in central California practiced a
more mobile lifestyle that was presumably charaoterby an egalitarian social
structure. Increased dependence on storable si{@ptes notably acorns, but also other
types of seeds and nuts), the establishment okletagm settlements, and the beginnings
of later, more hierarchical social structures allqably have roots within the Middle
period. However, the Middle period spans more thamllennium and many changes
during this temporal period are still not well adefd. As organized feasts seems to be
closely associated with non-egalitarian hunter-giegtts, but not with highly mobile
hunter-gatherers (Hayden 2001) the associatiopexdic and highly durable artifacts
such as flower-pot mortars, and possibly some tgpésrge finely made bowl mortars,
with feasting activities could provide an additibliae of data with which to consider the
timing and conditions surrounding a developing dneiny.

The appearance of organized feasting seems torgbihéhand with a developing
social hierarchy (Hayden 2001; Wiesner 2001). Hay@©01:42-44) provides several
reasons why feasting among generalized hunter-gathshould be rare and of a
different character than feasts among more congieieties: 1) there is little storage or
accumulation of surpluses among generalized hgatrerers, 2) the difficulty of

producing or acquiring specialty foods on a preabile basis, and 3) a strong egalitarian
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ethic which seems to characterize generalized hgattherers is at odds with “the idea
of a ‘host’ who gives a feast based on his stoakpibf foods or gifts, and his control
over family and other labor”. On the other handsteng becomes important and many
different types of feasts are common among comptekrans-egalitarian” hunter-
gatherers (Hayden 2001:44).

Many aboriginal communities in contact period ceh@alifornia observed an
annual cycle of ceremonial dances that includegbrecal feasting with neighboring
groups (Bean and Vane 1992:40; Kroeber 1925; L&3211933; Powers 1877). These
events provided opportunities for trade, developneésocial alliances and marriages,
and also allowed particular individuals or lineateeseinforce and enhance their status
by organizing and hosting the ceremonies and fiéissv Numerous historic and
ethnographic references mention the preparatidargé volumes of acorn mush for
consumption with annual dances and festivities@aand Gifford 1933:241; Collier
and Thalman 1991:145-146; Dixon 1905:228). Flowarportars and possibly some
large, finely finished ovoid bowl mortars may hdeen involved in preparing acorns or
other foods for feasts in pre-contact central @atila. Some may also have been used as
serving vessels. Vessels used in preparing anthgeinod at feasts tend to be unusual in
form, unusually large, and of unusual quality otenials (Hayden 2001, Table 2.1). The
flower-pot mortars from the Late period and sonmigdafinely finished ovoid bowl
mortars are considerably larger than other typeaatars, exhibit greater formalization
and expense (Table 4) and at least some of thedamnhbad additional embellishments

(shell bead inlay and painted exteriors, Tablea®&.
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The use and manufacture of large formal stone msoajaparently ceased some
time prior to the historic period, making it diffilt to interpret their roles in the past with
ethnographic data. However, traditional types aketry—another technology that is
often associated with women and with food processircentral California—continued
to be made and used long after Euro-American coatat could provide some
analogous insights. Like stone mortars, some tgpéaskets were used as every-day
utilitarian items associated with food preparatonl processing. Other cooking and
serving baskets associated with feasts were langy@e expensive, and more ornate.
Some of these baskets were given as elaboratexpedsve gifts demarcating an

important change in life such as marriage or death.

In cooking and serving acorn mush, soup, and biteadyliwok employed
the closely-woven, flaring basket...The cooking wase in a large basket
by means of hot stones, and the cooling and semismaller baskets of
similar form....For feasts, particularly those givgy chiefs upon special
occasions, large “gift” baskets (plate XL) were alyuused for serving
food, and sometimes for cooking it, but were nemployed for feasts
connected with the dead. The one illustrated igidon Miwok and

shows Maidu relationship in its deep conical foamwell as in its
ornamentation. It was first given to a young mama agedding present,
and was later used to serve food. When filled, subhsket was very

heavy and was carried into the center of the aslyemoloise by several
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men, using straps tied about it. The food was thpped out into smaller
baskets by two women and served at the gatheringh & large basket
was always owned by a chief and was never comnprogkrty. He
might present or trade it to another chief, or hghtburn it in honor of
some departed relative or friend. Such a baskeedvay a chief, must,

upon his death, be burned. [Barrett and Gifford3t231]

If similar rules were followed for large formal ntars then it is unlikely that
these items would have been simply abandonedwadterbut should either have been
gifted or traded to someone of similar social staggrior to death, or have been interred
with the owner upon his or her death. If such wasdase, these mortars should be found
primarily in burial contexts with a restricted gmaf individuals who have other
archaeological indications of higher social stagdin contrast, mortars with more
strictly utilitarian associations are expected ¢owr with greater frequency in domestic
settings. In his 1993 master’s thesis, Alan Levalhndhiggested a connection between the
size of the large flower-pot mortars and feastsdwby lineage heads at ALA-329 and
noted that flower-pot mortars (which he caltw mortarshad been found almost
exclusively in mortuary contexts (pp. 261-262).haltigh the present study was not
designed to test differences between the typesoningl stone tools represented at
mortuary sites, village sites, and seasonal caarpap-to-date and comprehensive

accounting of this should be conducted.
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The present study did attempt to compare diffea¢displays of wealth among
burials containing different types of mortars aegdttes, and those without mortars and
pestles. Beads, including cut and spire-lopped [@l@livella shell beads have long
been regarded as indicators of wealth in aborigiaifornia (Barrett 1952:288-291;
Barrett and Gifford 1933:252-256; Milliken and Bethioff 1993). Significantly higher
amounts of cut and whof@livella shell beads were associated with graves containing
bowl and flower-pot mortars than were associatdl wther graves that either lacked
ground stone entirely or contained other typesrofigd stone. Interestingly, graves
containing shallow dished and conical mortars, Wiuculd be argued to have been more
mundane in function, had the fewest beads of atggoay (Table 9).

In sum, there are several reasons to think thgel#ower-pot mortars, and
potentially some large finely made bowl mortarsyeva@ssociated with the preparation of
food for feasts. First, these mortars have sigaifity larger volumes than other mortar
types and would have been very costly to manufactecond, ethnographic accounts
describing special large baskets that were owndudiystatus individuals and were used
to cook and serve large quantities of acorn sodpnaumsh at feasts may provide a
relevant analogy for the ownership and dispositibthese large formalized mortars.
Third, these mortars are associated with gravdshtnge significantly more beads
(potential markers of wealth) than other grave$wit without other types of ground
stone. Artifacts that serve as markers of partraidaponsibilities and status may follow
patterns of ownership and disposition, as exenagliin the above passage. If this were

true, large formal mortars would be expected taioat burial contexts and to be rare in
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domestic contexts. There is some indication thedrdextual bias of this sort exists for
flower-pot mortars, but confirmation of such anagsation awaits more comprehensive

inter-site comparisons.

Gender, Processing Labor, and Politics

Women'’s processing labor would have increased anbatly as a consequence
of resource intensification, and along with anyr@ase in feasting activities. Throughout
much of the regional literature, Indian women intcal California have been portrayed
as passive actors in processes of intensificatioose food processing labor was co-
opted by status seeking males (Hildebrandt and Me@002; Jones 1996). However,
some women may have had their own set of motivationfacilitating feasting and other
displays of largesse. Women can derive certainfiisriom being members of an
influential household or lineage, including accesmore, or more favorable, resources
for themselves and their children. Recent studitesrgoting to quantify the transmission
of wealth (relational, embodied, and material)nmadi-scale societies (Borgerhoff
Mulder 2009; Smith et al. 2010a; Smith et al. 2Ql@dicate that intergenerational
transmission of inequalities is associated with enship of resources and high
population densities. Hence, it may be signifidaat many California ethnographies
describe specific, favorable bulb or seed tractsiadividual acorn trees as belonging to
particular individuals or families, with continuadcess or ownership inherited by family
members (Bennyhoff 1977; Collier and Thalman 13%drrington 1942; Johnson 1978;

Kroeber 1925; McCarthy 1993). In addition to styictutritional or material benefits,
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children who belong to influential households aelges may have more ties to higher
status individuals and enhanced opportunities femimership in secret societies or other
sodalities (increased relational wealth), thandeketh from lower-status households.
Finally, at least one study (among the Meriam, stidsce horticulturalists and marine
foragers from a small island in Australia’s Tor&tsaight) has reported higher than
average reproductive success for women who weceped as especially hardworking
(Smith et al. 2003). For a Meriam woman to becom@akn as especially hard working,
“she must also produce so much food that she cae stidely and frequently, and she
must also be able to contribute time and effopublic feasts and other community
gatherings” (Smith et al. 2003:120). Similarly,central California, feasts could have
provided an arena for some women to reinforce gpldy their status, as is suggested in

the following passage.

The Konkow living in the upper Sacramento Valleteafhad occasion to
use these large baskets as the year was filledarnstries of ceremonial
dances. From early fall through late spring, cemgialgerformances
occurred about every three to four weeks. Cert@iman were
responsible for preparing and cooking food at sterlemonial events.
This involved a great deal of work but was a pggstis position in the
community. Generally, the wealthier families in thkage sponsored the
dance and provided much of the food, the labor,thedine, large tureens

that held the acorn soup and other foods. [Bibl86181-62]
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Different circumstances may have allowed womerhtresto a greater or lesser
degree in the political benefits of their labor (€@ 1987; Gero 1992; Hastorf 1991). For
example, women may have been able to derive grpegstige from preparing and
serving food for feasts in cultural settings whigrey had control of particular food
resources critical to those festivities. In at tesmne historic central California contexts,
acorn granaries and stores of seeds were consittebesdwomen’s property (Gayton
1948:178). Under these conditions, it has beenesigd that control of intergroup
exchange and community ritual by men would haveired men to negotiate access to
food surpluses controlled by women (Jackson 19%®):3owever, manipulation of seed
and acorn stores and female processing labor wptédumably, have had fewer barriers
under conditions of patrilineal inheritance andipatal residence where women
gathered resources from seed tracts, or acorncogesolled by their husband’s kin.

Rules of inheritance and ownership of propertyacaamong different groups in
central and northern California at the time of Eagan contact. Bean and Vane (1992:40)
note that membership in secret societies, politiddlence, and wealth were entwined in
contact period central California and suggest v¥illtges in central California were
“composed generally of ambilaterally related pepptametimes, as with the Pomo, with
a matrilineal and matrilocal bias” (Bean 1974:16)contrast to this, people in the
Sacramento Valley tended to be “linked patrilingadind chiefly succession and
inheritance of property tended to be patriline&id). If large, finely made bowl mortars
were associated primarily with male graves duriadier times, and flower-pot mortars

were associated with increased importance of fegstnd with the graves of both women
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and men during the Late period, this raises soineedsting questions about changes in
ownership of wealth, participation in politics amidial, and the status of some women
with respect to developing hierarchies in the Seamé&isco Bay Area. Does the change in
association reflect a greater participation of sevoenen (presumably from higher
ranked lineages or households) in political andji@ls affairs? If so, might this be
related to changing patterns of marriage, or deé8cen

In post-contact times, the Coast Miwok, just nartithe study area, had terms for
two types of female leadership positions. Isabdlykecorded the information from
Coast Miwok consultant, Tom Smith (Tomas Comtechatjveen 1931 and 1932. Smith
explained that (hoypuh kulgfih ‘woman chief’ played a key role in the Acormaice,
Sinwele Dances, and the Bird Cult. The second fetealder, "maien” was the head of
the women'’s ceremonial house (Kelly 1978:419). &ai) on this, Parkman (2006:2-3)
suggests that the term “maien” may have been egtetalgeneral membership within a
women’s dance house. His study of baptismal reciootis missions around the San
Francisco Bay area show that about 30 percennodleznames have the suffix “-
maien”.

With the foregoing discussion in mind, it is wor#ivisiting the flower-pot
mortar with red and white bands (n0.1315, ALA-388pwn in Figures 10a and b, and
described in Table 9. This mortar was interred wittate period woman, over 35 years
old (burial 49). The pattern on the mortar is resgant of banded patterns painted on the
bodies of Native dancers at Mission San Jose 866 (see Figure 13). It is possible

that the red and white banding on the flower-pottards indicative of membership in a
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particular ceremonial dance house. This interpetdiecomes more compelling as other
artifacts associated with this grave are considdredddition to hundreds of clivella
beads and two long shaped pestles, the woman ial B9rwas also interred with eight
(rare) N-series, banjo-shapéthliotis effigy ornaments (Leventhal 1993:234, 306-307).
In outline, the N-series ornaments resemble “Bigddeostumes used by dancers to
impersonate the spirit Kuksu (Gifford 1947:20). Soanchaeologists have suggested the
N-series ornaments signal membership in a seccettgda precursor to the
ethnographically known Kuksu cult) that appearexiad the Bay Area during the Late
period (references in Leventhal 1993:230 and Jehak 2007:117).

Another painted mortar (ALA-329, #2660) was asdedavith the grave of a
different woman greater than 35 years of age (B@ii&). This grave also contained a
charmstone—an artifact type possibly associateld shiamanic activities (see discussion
and citations in background section). Mortar 26@@h multiple red, white and black
lines painted on the exterior, is unusual in shapd,its highly worn and scratched
interior was used with a predominantly grinding oot Based on the pattern of use-wear
it seems unlikely that this mortar was used to ploacorns. Mortar 2660 might have
been part of a shaman’s kit, used to process m#eranedicinal plants. In the southern
San Francisco Bay Area, by the Late period, it seldmly that some women, possibly

from higher status lineages, may have had a spoggence in political and ritual life.
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Conclusions

Of course one class of artifact cannot fully adsifgsssible changes in the roles
and statuses of men and women. However, groune sitifacts offer a valuable and
underused source of data for considering suchgeyiarticularly in central California.
Ground stone milling tools have the potential tmim us about more than dietary shifts;
they may also provide clues to social conditionsanding the people who used those
tools. This study used synchronic and diachronr@tians in design, manufacturing
effort, and use-wear in mortuary associated graiode tools from the southern San
Francisco Bay Area to investigate potential soagral gender-based distinctions in
activities, statuses, and wealth.

A larger proportion of the earliest graves hadugbstone associations, although
the milling tools tended to be less formalized thaany Late period associations. Late
period burials contained several new types of féimad mortars and pestles while some
older forms were retained. Significant variationsvedoserved in the manufacturing costs
and the range of use-wear associated with diffayg@s of ground stone. In general, use-
wear on many smaller less “finished” or less coatljfacts indicates a wider range of
applications, while large, finely finished mortansd pestles may have been used in more
restricted ways. An more overtly symbolic dimensseems to emerge among Late
period ground stone assemblages with the addifibigbly formalized and expensive
flower-pot mortars, very long shaped pestles, amdesmortars with additional

embellishments such as shell bead appliqué andegiadtesigns. The possibility that



152

flower-pot mortars and maybe some larger bowl nmeni&ere associated with social
display in feasting or other non-mundane contexs @explored by analogy to diverse
functions documented among different types ancdsszdaskets—a class of technology
that, like mortars and pestles, is also strongépested with women and food
preparation in central California. Expensive flovpat mortars were equally represented
among women and men in the southern San Francsg@Bea during the Late period.
Mortars with shell inlay, and mortars that werenpad with red, white and black
pigments were also associated with both male amdlfeburials during this period.
Furthermore, women and men with flower-pot mortead significantly greater bead
wealth than other individuals with or without othgpes of ground stone. Together, this
information suggests that some women, possibly fnaggher status lineages, may have
had a strong presence in political and ritualilif¢ghe south San Francisco Bay area
during the Late period.

More archaeological and experimental studies eegled to test some of the
patterning and interpretations suggested hereatticplar, systematic diachronic
comparisons between milling tools found in mortueaoptexts and those recovered from
contemporaneous habitation sites might help clahniéextra-utilitarian nature of some
forms. At present, this is difficult to do in a cprehensive manner because there is
significant disagreement over whether some ofahgelst and most important sites were
principally cemeteries, or were long term villagdsere people also interred their dead
(Schweikhardt et al. 2011; Leventhal 1993, Lightfebal. 2010; Luby 2004). In

addition, more experimental data are needed tonnfoterpretations about the use of



153

differently shaped and sized mortars and pestietyding manufacturing costs, grinding
mechanics, efficiency, and use-wear patterns. Finglleater attention should be given to
identifying potential embellishments on ground stomortars and pestles. This study
discovered red, black, and white lines on the extef several previously studied
mortars—yet, no mention or other indication of #hdsesigns was found in existing site
reports or artifact drawings. The designs may hmeen overlooked simply because there
was no expectation for symbolic or decorative laties to exist on “mundane” ground
stone tools.

There is a great deal of variation in milling teélom central California beyond
basic divisions into pounders or grinders, evethelimited data set available for this
research. Ground stone tools were central to ecanana social transformations in
central California prehistory, and variation inithmorphology, manufacturing costs,
uses, and associations may reflect social andadexal changes as well as purely

economic shifts in resource use.
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Notes

1. Throughout this paper, the terms “grinding slabijlfing slab”, and “metate” are
used synonymously to indicate the lower stone mdiaof processing tools used
predominantly for grinding. Likewise, the terms flastone” and “mano” are

used interchangeably to indicate the upper stonki®pair.

2. The terms “Ohlone” and “Costanoan” are used int@ngieably to refer to
populations who occupied the study area at corsgack also to their present-day

descendants.
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Figure 3. Bowl mortar from CA-SCL-38.
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Figure 4. Several flower-pot mortars from CA-ALASB2
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Figure 6. Long, shaped sandstone pestles from CA-B829 (left to right: 2276,
2144, 1736).
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Figures 7 a and b. Photomicrographs of two longpet sandstone pestles shown in
Figure 6.Upper image is the distal end of 2276;doimnage is the distal end of 2144.
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Figures 8 a and b. Two photomicrographs of an exygertal sandstone mortar. Upper
image is the freshly pecked bowl; lower image shtivessame bowl after processing
acorns for one hour.
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Figure 9. Bead appliqué on flower-pot mortar rim.
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Figures 10a and b. Flower-pot mortar from ALA-328talog no.1315, with red and
white bands. Color saturation has been increasbdtter contrast red and white bands.
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Figures 11a and b. Two views of mortar from ALA-328talog no. 2660. Red, black and
white pigment and darkened linear streaks are pteshe color saturation in 11b has
been increased in an effort to show three, fawidiple thin black lines at positions just
below 3 o’clock, and near 6 o’clock, and 8 o’clodke blue streak appears modern and
may be paint from a metal shelf.
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Figure 12 a. Side view of mortar from ALA-329, datano.1496, with red, white, and
black pigment.
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T
il

Figure 12 b. Bottom of mortar from AlL-329, catalog no.1496. Black lines over
background.

Figures 12 c and d. Clc-up of black lines with white and red pigment on tapd496

(left), and photomicrograph (approximately 10x)ptdck line wver red background «
mortar 1496 (right).
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Figure 13. Dancers at Mission San Jose. Engravipgm and ink drawing by G.H. Von
Langsdorff, ca.1806. Bancroft Museum, Berkeleyjranhrchive.
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Table 1. Distribution of burial associated groutahse forms analyzed by site

form
Metate  Mano Mortar Pestle Total
site ALA-329 0 1 24 53 78
SCL-287 1 0 7 2 10
SCL-354 8 8
SCL-38 0 3 23 41 67
SCL-65 3 5 0 0 8
total 4 9 62 96 171

a. Many ground stone artifacts from SCL-354 areimdtided in this count as provenience
is missing
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Table 2. Temporal divisions

Dating Scheme Other Divisions

CCTS Perioll

B1* used in this Paper
AD 1800 - 1500 Late Period, Phase 2 Late 2
AD 1500 - 900 Late Period, Phase 1 Late 1
AD 900 - 700 Middle / Late Period Transition

AD 300 - 700 Upper Middle Period Earlier Periods
AD 300 - 500 BC Lower Middle Period

500 - 3000 BC Early Period

Milling stone
a. Dating scheme B1 (Bennyhoff and Hughes 1987)

b. Central California Taxonomic System



Table 3. Sample of male, female and subadult greyésmporal period.

All Burials by Sex and Age Categol

Burials with Ground Stone by Sex and Age Categ

M F Subadult Indet.  TotaP
n % n (%% n (%n (% (%)

Temporal Peric M F Subadult  Indet. Total
Milingstone 4 4
Early and Middi® 34 27 11 13 85
Late 1 68 59 35 15 177
Late 2 46 31 15 17 109
Totals 148 117 61 49 375

a. Most of the graves from SCL-354 are not inalidethis count

4 (100) 4 (100)
8(4 4(15 327 5 (38 20 (24
12 (18) 23 (39) 4 (11) 4 (288 (24)

8 (17 9 (29) 3 (20) 8)(123 (21)

28 36 10 16 90

b. Total does not include 4 double burials wheteigd stone was associated with individauls of chaeindeterminate sex and age
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Table 4. Average volumes of several mortar types

Estimated
Mortar Mean vol time to
type (cc) n m_anufac_ture

in granite

(hrs}

shallow mortar 165 7 10
conical mortar 668 5 40
bowl mortar 4357 8 260
flower-pot mortar 8264 9 493

a. Based on 16.75 cc/hr--averaged volume per tstimates for manufacturing
depressions in granite from Leventhal and Seit®1881 Schneider and Osborne 1996.
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Table 5. 14C AMS dates for burials from severassih the study

Cal BC/AD .
Sample 14C BP (2 sigma Median Temporal Periot
(uncalib.) prob.
range)

ALA-329-B63 397+ 42 14331633 AD 1497 Late Period 1C/2A
ALA-329-B152 707+ 43 12241389 AD 1286 Late Period 1B/1C
ALA-329-B275 701+ 42 12271391 AD 1290 Late Period 1B/1C
SCL-38-B45 769+ 43 11811291 AD 1249 Late Period 1B
SCL-354-B1 1817+ 34 88 322 AD192 Intermediate Middle Period
SCL-354-B4 1842+ 33 84 241 AD 173 Intermediate Middle Period
SCL-354-B19 1853+ 33 81 236 AD 163 Intermediate Middle Period
SCL-287-04-13 1841+ 46 67 321 AD174 Intermediate Middle Period
SCL-287-04-14 3787+ 53 24572037 2222 BC Early Period
SMA-263B04-24  3777+58 24562031 2205 BC Early Period

Calib 6.1.1 (Stuiver and Reimer 1993)

IntCal09

a. Temporal period according to scheme B1, Benffigimal Hughes (1987)



Table 6. Bowl and flower-pot mortar associations.

Site Burial Cat. no. Form Period 14C (cal) Sex Age Comments
ALA-329 45 1270  bowl, rnd LP2 Unid infant found near heady have covered head
ALA-329 152 2102  bowl, ovoid LP1 M/F 12-14/17-20 in assdon with both burials
SCL-287 4-7 4-7-6  bowl, ovoid Lower, M 4 BC M 19-30 inted over head, possible bitumen on exterior
SCL-287 4-20 4-20-6 bowl, rnd Lower,M AD 141 M 20-30 renked frag of rnd bowl, poss.used to grind pigment
SMA-263 4-24 4-24-1  bowl, rnd Early 2205 BC Unid adult raorsplit in half, other half not found during exasen
SCL-354 2731 bowl, ovoid earlier Unid infant mortuary sekfor infant
SCL-354 47 bowl, rnd earlier Unid association unknown
SCL-354 65 bowl, ovoid earlier Unid association unknown
SCL-354 453 bowl, ovoid earlier child broken, invertagohead of child
SCL-354 4 1180 bowl,rnd LowerM AD 173 M >30 positiorkaown
SCL-354 19 1255 bowl, ovoid Lower M AD 163 M 19-30 or@fiosition unknown, right hand in bowl
SCL-38 45 45-10 bowl, rnd LP1 AD 1249 M 25-35 individuatigpt in flexed position w/ face in mortar
SCL-38 50 50-17 bowl, ovoid LP1 AD 1450 M 18-21 inverte@ownead
SCL-38 167 167-9 bowl, irreg MLT AD 898 M 18-24 brokeroaplete) placed at feet
ALA-329 27 1129 flower-pot LP1 Unid infant broken (comgggtinverted over burial (cremation)
ALA-329 49 1315 flower-pot LP1 F 35+ mortar decorated wéld and white stripes/bands
ALA-329 65 1464  flower-pot LP2 M 35-39 hole punched throtmpttom (from int.)
ALA-329 84/87 1627 flower-pot LP1 F/IF 25-35/19-21 positiamknown, shell bead applique on rim
ALA-329 84/87 1708 flower-pot LP1 F/IF 25-35/19-21 brokepraplete) pieces placed around graves
ALA-329 91 1700 flower-pot LP1 Unid 14-18 3 frags. (incdetp)
ALA-329 96 1737 flower-pot LP1 F 35-45 inverted over body
ALA-329 164 2103 flower-pot LP1 Unid infant mortuary vebfe infant
ALA-329 200 2249 flower-pot LP1 M adult broken (completejer cremation
ALA-329 212 2279 flower-pot LP1 M 31+ 8 wall frags.+ ba@®mplete); shell bead applique on rim
ALA-329 281 2661 flower-pot LP1 F 35-45 broken (complateerted over body
ALA-329 284 2434  flower-pot LP1 F 30+ under body
SCL-38 13 13-13 flower-pot LP1 AD 1450 M 30-45 inverteckopelvic area
SCL-38 40 40-8 flower-pot LP1 AD 1486 Unid 2 frags. (inguete)
SCL-38 72 72-6  flower-pot LP2 F 18-30 broken (completefeat
SCL-38 137 137-1 flower-pot Unid infant broken (compleitejerted over body
SCL-38 240 240-6 flower-pot 252 BC M 21-35 8 wall frags.+ base (complete); shell appliga rim

a. This radiocarbon date, on wood charcoal, ibghbly too old. Several other burials from this biteve been redated using human bone
and have produced more recent dates. No bone ffisnndividual was available for redati
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Table 7. CA-ALA-329 burials with painted mortars.

Artifact Description vol. (cc) wt. (Kg) Burial Sex Age Grave association? Period 14C (cal)
Primary, tightly flexed, left side. Mortar;
underneath are two large pestles, 1313 with
Flower-pot mortar with red and white bands/ stripes slight hint of a knob (greenstone), and 1314 a
on rim, also appear to be stripes down extericesid collared pestle (did not come across this pestt% )
1315 -but much faded. Heavy red on bottom exterior, 5205 191 49 F 35+ during my analysis). 745 olivella beads M2a an te Period, Phase | AD 1180
some interior as well. M1a. Eight N-series Haliotis effigy ornaments,
possible Delta region affiliation--similar types
found at CCO-138.
Cobble/ sm. bowl-type mortar, bevelled and
rounded rim, minimal exterior shaping. Red,white
and black pigment on exterior sides and bottom. Mortar inverted over two burials, antler tine
Black lines bordered by white and red visible on 13-15/ under mortar (1709). Individuals facing oppositeate Period, Phase
1496 bottom. Thin black lines are similar to those on 1731 91 63/70 M/M 16-18 directions. Primary burials, both individuals 1Cor2A AD 1497
2660. At least two lines, one bisecting bottom tightly flexed, rt side (yin/yang-like positioning)
lengthwise (12 o'clock through 6 o'clock, and the
other at 5 o'clock).
SIS;OZ%‘ sz&zs:ZZZEOTOS;r§§/2|ISQ pztlaell!yof red Primary, face-down, left side. Mortar adjacent to
2535 ped, pecked i ) - ayer 1750 15.5 257 F 20-30 head. Abalone shell on top of head. Six Haliotis Upper Middle AD 350
coating the interior. Possible horizontal red line -
Lo pendants (crescent rims).
around/across exterior circumfrance.
Partially shaped, large, irreg/globular mortar.
Partially pecked exterior with deep, highly used, Primary, tightly flexed. Skull missing. Mortar at
conical well. Interior may once have been more k feet, scapula saws near pelvis. Clay or mineral
2660 like. Some red and white pigment visible on upper 2179 182 275 F 39-44 object (2587) white, with grooves around it-- Late Period, Phase 1 AD 1290

portion and sides. When inverted, can see pattern
of thicker dark lines possibly made with fingers.
Also several red, white and black bands. Four thin
black lines like those on 1496 are also present.

a. From Leventhal 1993, Appendix A

appears to be a small pendant--found by pelvis.
Charmstone (no number) found directly above
mortar.
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Table 8. Types of ground stone by temporal peniwtisex
Type of Ground Stone

un- flower-
finished sm cobble shallow conical  bowl pot other short med long
Temporal Period metate mano mortar mortar mortar mortar mortar mortar mortar pestle  peste  peste  Total
miling  sex indet 3 5 8
stone Total 3 5 8
Early and sex indet 1 1 1 5 1 1 10
Middle male 2 5 2 2 1 12
female 1 1 2 4
Total 1 2 3 3 10 3 1 2 1 26
Late 1 sex indet 1 1 4 2 8
male 2 2 2 3 5 14
female 1 2 4 2 1 7 9 26
male/ indet 1 1
male/ female 1 1 2
male/ indet 2 1 3
Total 1 1 2 3 3 12 2 1 14 15 54
Late 2  sex indet 1 1 1 1 2 4 10
male 1 2 1 2 2 8
female 1 1 5 5 12
Total 2 2 1 3 2 9 11 30
Total 4 8 2 4 7 3 14 15 7 2 25 27 118

a. Total does not include untypeable mortar antigpagments or artifacts with unknown temporalasations
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Table 9. Quantities of cut and whole (spire-loppetiyella beads in burials with different types of ground
stone

Cut and Spire-Lopped Olivella Beads

Artifact Association mean Min max Number of burial§ " ©
no ground stone 140 0 6942 447
ground stone 105 0 1446 103

bowl and flower-pot mortars 253 0 1446 26

all other mortars 43 0 482 26
pestles 73 0 749 65

a. Multiple interments were treated as one bufias$sociations were unclear

b. Graves from the oldest sites, CA-SCL-354 andStA--65 were not included

c. Records of artifact associations were missingéweral graves

189



190

APPENDIX D: PERMISSIONS



191



192



