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WOOD VS. STONE MORTAR TECHNOLOGIES: AN EXPERIMENTAL APPROACH 

TO FOOD GRINDING EFFICIENCY 

Christina M. Murray  

Abstract 

Groundstone technologies have been used for millennia to process various materials, the most important 

being plant foods. Native Californians relied heavily on the consumption of gathered acorns and grass 

seeds which comprised a large percentage of their diets. Groundstone technologies such as mortars and 

pestles were used extensively to render these foods edible. In the Central Valley, however, large stones 

were not readily available for mortar production due to the presence of extensive silt and clay alluvium. 

Instead, hardwood mortars were often used to process foods, as documented in the ethnographic record. 

The effectiveness of wood versus stone for grinding foods is not well known. This paper details an 

experiment that gauges the relative efficiencies of two mortar designs, deep and shallow, and two raw 

material types, stone and wood, at grinding two foods, acorns (Quercus lobata, Quercus douglasii) and chia 

seeds (Salvia hispanica). Efficiency is assessed by comparing how much time it takes to manufacture each 

item against the time it takes to process a specific amount of food material to a pre-defined consistency. 

The data are then applied to the Point Estimate Model (Bettinger et al., 2006) to predict when one design 

is advantageous over another. 
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Introduction  

GROUNDSTONE technologies from the 

archaeological and ethnographic record can 

provide insightful windows on past human 

behavior. Humans have been manufacturing and 

using groundstone technologies for tens of 

thousands of years. Ancient peoples used 

groundstone for a range of purposes, including 

grinding minerals into pigments, creating various 

medicines, and making lithic tools through 

abrasion and polishing (Adams 2002). However, 

the primary and most important function of 

groundstone tools throughout human history has 

been to process foods by reducing the particle 

sizes and increasing surface area of food material, 

facilitating more efficient digestion by the human 

gut after consumption.  

 Whereas hunting technologies such as bows 

and projectile points have been widely studied by 

archaeological researchers, groundstone 

technologies have garnered much less attention. 

This is unfortunate, because groundstone 

technologies, which were oftentimes the primary 

means of processing food staples such as nuts or 

seeds, have the potential to illuminate important 

past behaviors and ways of life of many 

prehistoric peoples. Ethnographic records, 

replication experiments, use-wear analysis, 

residue analysis, and classification techniques are 

all important approaches for analyzing 

groundstone artifacts and people of the past 

(Adams 2002). Groundstone tools reveal 

information about resource processing, 

subsistence practices, population density, and 

environmental constraints; also, they offer a 

glimpse of the daily social and physical lives of 

past people, especially females. Moreover, the 

design and manufacture of an object is affected 

by the environment, social context, and myriad 

limitations and choices that producers and users 

had to make. By studying and replicating 
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groundstone tools, one can seek to answer 

questions about why people chose to do the 

things they did and where those choices took 

them. 

 In central California, there is evidence that 

native groups used hardwood instead of stone to 

produce mortars, especially in places where large 

stone was short in supply (Kroeber 1953).  This 

poses a very interesting question about what 

types of choices people will make within a set of 

given environmental parameters. For example, at 

what point is it better to produce a mortar out of 

hardwood, rather than transport a heavy stone 

across some distance? Because wood is a less 

resistant (i.e., softer) material than stone, it may 

cost less energy to manufacture a mortar out of 

wood. On the other hand, less resistant wood 

may not be as efficient as stone for breaking 

down food to smaller particles using abrasion, 

and therefore may not be preferred for making 

grinding tools. As described below, new data 

were generated to examine when people may 

choose a less efficient but less costly technology 

for grinding foodstuffs. 

 Little is known about manufacturing costs, 

performance characteristics, and use-life of 

grinding implements. Limited data exist for stone 

tools, but a literature search revealed that 

nothing is known about production costs and 

performance of hardwood mortars. Replication 

experiments were undertaken to shed light on 

this particular issue. This paper aims to predict 

when one design of a mortar of a certain material 

is more advantageous over another, taking into 

account both the manufacturing costs and the 

efficiencies of processing various foodtypes. The 

study uses previously-published data on 

production costs of stone tools, but generates 

new data on grinding in stone tools, and new 

data on the production costs and grinding 

efficiency of hardwood. Ultimately, the research 

examines the conditions under which people 

may people choose to deviate from the most 

efficient way of processing acorns and seeds -- 

two important food resources of prehistoric 

California -- in favor of a less efficient but less 

costly processing technology. 

Background 

Groundstone Technology 

 A groundstone tool is any technological 

object that is made through abrasion or 

impaction of stone against stone or is used to 

abrade or impact other materials between stones 

or some other resistant material (Adams 2002). 

The primary means of hand-manufacturing 

groundstone tools are pecking, crushing, and 

abrading the “netherstone,” or mortar/metate, 

until the desired dish or bowl-like cavity is the 

right dimension. This dish is then used as the 

platform in which materials are ground with a 

hand stone. The hand stone tool, such as a pestle 

or mano, can also be altered through these means 

to make it more comfortable for the user to hold 

and/or operate. These terms are used in the 

analyses below. 

 

Central Valley Environment 

The valley floor of central California has little 

topographical relief. Over millennia, rich 

sediments from the surrounding mountain 

ranges filled the majority of the valley (Kahara et 

al 2012). Seasonal flooding of the Sacramento 

and Joaquin rivers deposited these alluvial 

sediments in deep layers, which are responsible 

for the extremely productive agricultural 

farmland seen in California today (Kahara 2012).  

 The Central Valley of California is an 

extensive, elongated grassland valley that covers 

108,800km² throughout the state in a north-

south orientation (Kahara et al 2012). Bordering 

the west of this valley are the Coast Ranges, 

while the eastern side is bordered by the Cascade 

Range and Sierra Nevada ranges, and the 

southern edge by the Tehachapis (Kahara et al 

2012).  Prehistorically, a multitude of grassland 

ecological regions made up the valley (Kahara et 

al 2012). These included savannah-like prairies, 

desert grasses, marshes, oak woodland, and 

shrubs (Kahara et al 2012). Purple needlegrass 

(Nassela pulchra) and a variety of native oak trees 

(Quercus sp.) were common and flourished 

together throughout the valley (USDA 2013). 

Prominent fauna native to Central California 
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include pronghorn antelope (Antilocapra 

americana), mule deer (Odocoileus hemionus), 

tule elk (Cervus canadensis; now extirpated), 

squirrels (Sciurus griseus), and other small 

rodents. The vast wetlands were home to many 

species of waterfowl, including Canada geese 

(Branta canadensis), mallard ducks (Anas 

platyrhynchos), and various shorebirds (Kahara 

et al 2012).  

 The Central Valley climate follows a strongly 

Mediterranean pattern with dry, hot summers 

and cool, wet and oftentimes fog-heavy winters 

that last until spring (Kahara et al 2012). There 

is not much temperature variation throughout 

the valley, but there is a gradient in precipitation 

with northern latitudes receiving 100cm of 

rainfall to the north in Redding to only 16cm of 

rainfall to the south in Bakersfield (Kahara et al 

2012). Rainwater that falls in the eastern 

mountain ranges runs off to the west and 

supplies the central valley with a complex 

network of waterways. The two main water 

systems that flow through Central California are 

the Sacramento River watershed, which runs 

down from the northeast, and the San Joaquin 

watershed, which flows up from the southeast  

(Kahara et al 2012). These two bodies of water 

meet together in a large delta and drain into the 

Pacific Ocean through San Francisco Bay. 

Seasonal flooding occurs throughout the lowland 

areas, which, before industrial agriculture was 

introduced, created extensive marshes and lakes 

each spring (Kahara et al 2012).  

 

People of the Valley 

The Central Valley was home for thousands of 

years to large populations of native California 

tribes. The Nisenan, Patwin, Konkow, Nomlaki, 

Yana, and Wintu, Northern Valley Yokuts, 

Southern Valley Yokuts, and Miwok are all 

indigenous to the Central Valley (Bettinger 

2012). There are many similarities amongst these 

groups in housing, dress, and technology 

(Kroeber 1922). Large semi-subterranean houses 

were built in the northern Sacramento Valley, 

and large communal houses were used in the 

southern San Joaquin Valley; there is much 

variation across California with respect to house 

types (Kroeber 1922). Additionally, sweathouses 

were common throughout indigenous California, 

which males would use as their living, sleeping, 

and ritual quarters (Kroeber 1922).  

 Fishing salmon (Salmonidae), other marine 

fish, and collecting shellfish such as mussels 

(Mytilus sp., Margaratifera sp.) were important 

subsistence pursuits for those who resided along 

rivers and streams. Throughout the Central 

Valley, tule balsawood boats aided in these 

endeavors (Kroeber 1922). Fishing technology 

included nets, weirs, harpoons, and occasionally 

fish hooks (Kroeber 1922). Small mammals and 

birds were taken and eaten, and elk and deer 

hunting took place throughout the valley 

(Sundahl 1992). The sinew-backed bow was the 

primary technology for hunting large mammals 

(Kroeber 1922). Small mammals were typically 

acquired using spring snares and other traps 

made from cordage (Campbell 1999).  

 Acorn was the primary plant food in much of 

California, and because acorn has tannic acid, a 

polyphenol which acts as a defense against 

predators, extensive processing was needed in 

order to render it edible (Gifford 1971). 

Groundstone technology aids in this tannin 

removal process by increasing the surface area of 

the nut particles, allowing for more efficient 

leaching with running water (Gifford 1971). The 

leached acorn meal was usually cooked through 

stone boiling in waterproof baskets throughout 

the Central Valley (Gifford 1971).  

 The political organization of Central Valley 

groups consisted of minor village communities 

that resided around a more permanent village 

that had a leader, or headman, who may have 

been elected by popular consent or inherited the 

position (Kroeber 1922). These groups defined 

their territories and defended their resources 

against other groups of people (Kroeber 1922). 

War was usually waged as an act of revenge, not 

for material gain or for prestige (Kroeber 1922). 

There was not much social stratification in 

Central California, for the family unit was 

basically an autonomous entity (Kroeber 1922). 

Descent was almost always patrilineal and 
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totemic, and marriage was purchased and 

exogamous (Kroeber 1922).  

 

Optimization Models 

 Scientists create optimization models in 

order to predict how people will act when they 

seek to maximize a gain per unit of cost. Some of 

these models are about technologies and predict 

the way in which people will choose to perform 

some task or function. For example, according to 

Optimal Foraging Theory (OFT), organisms 

forage in such a way as to maximize their net 

energy intake per unit time (Bettinger 1991). 

OFT predicts that people will optimize their time 

and labor because it is the most beneficial to 

their survival to do so. Likewise, a recent 

technological investment model presented by 

Ugan, Bright, and Rogers (2003) predicts the 

conditions that cause one technology to be 

replaced by another (Ugan et al 2003). Bettinger 

et al (2006) propose an improvement which they 

term the Point-Estimate model (PEM). This 

model estimates the point at which a less costly 

technology with lower returns will be favored 

over a more costly one with higher returns 

(Bettinger et al 2006). The PEM will be used here 

to weigh the expense of manufacturing, 

measured in time, against gains in grinding 

efficiency, measured as ground grain produced 

per unit of time. The model has been used 

elsewhere to predict the minimum use time 

necessary to make some goundstone tools more 

valuable than others (Buonasera 2012).  

Methods 

 This section describes the methods employed 

in two related studies. First, the manufacturing 

costs associated with construction of the 

hardwood mortars, both deep and shallow, and 

second, the processing efficiency of each 

technology in grinding acorn nuts and chia 

seeds. 

 

 

 

Hardwood Mortar Manufacture 

In order to test the relative efficiencies of 

hardwood and stone mortars, hardwood mortars 

were manufactured from oak rounds and then 

used to process food items. Two different mortar 

design types (shallow versus deep) made from 

two different materials (hardwood versus stone) 

are tested with two different food substances 

(acorn and chia seed). The two mortar designs 

were manufactured from oak rounds: one with a 

shallow, 3 centimeter deep and 11.5 centimeter 

diameter cup, and one with a larger, 10cm deep 

and 12 cm diameter cup. The dimensions of each 

were modeled on the size of mortars used in 

prior archaeological experiments and prehistoric 

archaeological stone mortars (Buonasera 2012).  

 The hardwood mortars were created using 

traditional methods (Kroeber 1953).  Oak rounds 

were cut using a mechanical saw, thus, 

manufacturing costs reported below do not 

include either the costs of wood procurement 

nor cutting to a particular size. Construction of 

the mortar commenced by building a fire and 

placing the hot coals in the center of each oak 

round where they were allowed to smolder. The 

carbonized wood produced by the smoldering is 

much softer than unmodified wood, making it 

easier to remove. Charred wood from the oak 

round was removed with a sharpened antler tine 

chisel struck with a fist-sized hammer stone. 

This alternate burning/smoldering and charcoal 

removal was continued until the desired 

dimensions of the mortar design were reached.  

For each design, two mortars were produced, 

totaling four in all. Manufacturing times were 

averaged from the two experiments. Both the 

smoldering and chipping times were measured 

and recorded.  

 Both of the shallow-cup mortars took 

approximately 2.2 hours to produce. By contrast, 

the first deep mortar was produced in nearly 8 

hours, and the second deep one was made in 

about 3 hours for an average of 5.7 hours. It is 

important to note that these times likely 

overestimate the true manufacturing time, as a 

skilled and experienced native craftworker could 

probably produce mortars more quickly.  
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There was a significant decrease in 

manufacturing time for the second deep mortar 

for two reasons. Prior to the experiment, it was 

unknown if the smoldering coals truly aided in 

the manufacturing process. The first 4 hours of 

manufacturing of the first deep mortar comprised 

only of chipping the unmodified round with the 

antler chisel. When it was clear that this method 

was not working, fire was introduced in order to 

accelerate the process. Experience from making 

the first deep mortar aided in the manufacturing 

process of the second one, such that the time 

spent was considerably lower. Manufacturing 

time for stone mortars was taken from existing 

experimental archaeology literature (Leventhal et 

al. 1989; Schneider et al. 1996).  

 One issue that arose during the 

manufacturing process was cracking. The 

hardwood quickly dried out during the burning, 

and long radial cracks appeared (see Figure 1). 

During food processing, flour falls down the 

cracks and is subsequently lost. Additionally, the 

cracks may lessen the use-life of the mortar 

because the cracks make the tool less stable. This 

cracking was likely a problem for prehistoric 

hardwood manufacturers and users as well, and 

people may have bound the mortars with cordage 

to prevent further cracking and minimize meal 

loss.  

 
 

Figure 1:  Processed Chia Seed shown in a deep 
mortar with radial cracks. 
 

Acorn and Chia Processing 

 Two foodstuffs, acorn and chia seed, were 

ground in both shallow and deep mortar designs 

in both stone and hardwood. We used stone 

pestles for the deep mortars and hand stones for 

the shallow mortars. Multiple undergraduate 

students participated in the experiment, rotating 

through the different combinations of mortar 

design (shallow versus deep), raw material 

(hardwood versus stone), and food type (acorn 

versus chia), for a total of eight grinding 

experiments. For each grinding trial, 

approximately 170g of hulled acorn, or 90g in 

the case of chia seed, was processed.  

 Participants initially practiced grinding about 

75g of acorn and 45g of chia seed in each design, 

in order to become familiar with the process 

before doing the actual experiment. For the two 

wood mortars, already-ground food material was 

pushed into the radial cracks before grinding in 

order to minimize product loss during the 

process. Three replications (termed “sessions”) 

were undertaken to determine average grinding 

efficiency for each material and design. Efficiency 

is measured as amount of finished product 

divided by the time spent to process it. Finished 

product is measured by the amount of ground 

acorn or seed that passes through a 0.7mm sieve 

(0.028in).   

Results 

The results from the first two sessions of food 

processing were as expected. For grinding 

acorns, the deeper mortars perform better on 

average than shallow mortars (~33% better), and 

stone outperforms wood, on average, in all 

categories by ~8%. A wooden deep mortar 

outperforms a shallow stone mortar for 

processing acorns, though (~12% increase). This 

indicates that the larger surface area of the deep 

design, even with wood, is more effective for 

processing acorn than the shallow stone design, 

despite the fact that stone is more resistant. It is 

clear, however, that regardless of mortar cup 

morphology, manufacturing stone mortars takes 

~69% more time than wooden ones. In fact, a 
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hardwood deep mortar takes less time to make 

than a shallow stone mortar.  

 A similar result is evident for grinding chia 

seeds. Again, as with acorns, deep mortars 

outperform shallow mortars on average by 34%, 

and stone is more efficient than wood. The 

performance difference between wood and stone 

deep mortars is very small, ~5%, but much larger 

for shallow mortars, ~33%. Also, as withacorn 

processing, the wooden deep mortar outperforms 

a shallow stone mortar at grinding chia seeds 

(~18% increase). 
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As shown in Table 1, the third round of food 

processing presents some deviations from the 

averages of the first two rounds for acorn 

processing. The deep oak mortar processed ~33%  

more acorn flour per unit time than the deep 

stone mortar. This deviance from the average 

may be due to inter-user variation, for the 

individual who processed acorn with the oak 

mortar this round was much better at grinding 

than the other participants on average. However, 

this individual did not perform all the grinding 

tasks, and in particular, did not use the deep 

stone mortar. Thus, while it appears in Table 1 

(third session) that the shallow stone mortar in 

the third session outperforms the deep stone 

mortar, this too is due to this single person who 

was much more efficient than others at grinding. 

These outlying values are noted but removed 

from additional calculations below. Figure 2 

graphs the results seperately for acorn and chia 

seed, comparing manufacturing cost with average 

grinding efficiency, with the outliers omitted. 

 

 

Figure 2:  Average efficiency of mortars at processing acorn and chia seed.  The 

outliers from the third round of acorn processing are not included. 

 

 

 

  



 

UC Davis | EXPLORATIONS:  THE UNDERGRADUATE RESEARCH JOURNAL  

Vol. 16 (2014) C. M. Murray, p.8 

 

In order to account for inter-user variation, we 

look at per-individual relative efficiencies rather 

than the average of all participants. This allows 

the relative efficiency of wood and stone to be 

gauged, holding design and food type constant. 

The graph below shows various individuals’ food 

grinding performances, comparing wood and 

stone mortars of various designs.  

 

 

Figure 3:  Difference in efficiencies of each mortar material per individual 

 

 

The difference in efficiency between wood and 

stone shallow mortars for processing acorn is 

high. This is evident with Individual 2, who had 

a 38% increase in acorn flour output per unit 

time from the wood to the stone shallow mortar. 

The stone shallow mortar is also 38% better at 

processing chia seed than the wood mortar, 

which can be seen from the average outputs of 

chia meal per unit time of Individual 2 and 

Individual 3. With deep mortars, however, there 

is only a 3% increase in chia seed meal 

production from wood to stone. This can be seen 

with Individual 1, who processed seeds at about 

an equal rate between the deep wood and deep 

stone mortars. 
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Figure 4:  Change in efficiency (stone-wood) per mortar design, per individual 

 

  The changes in efficiency between the two 

mortar materials (wood versus stone), 

controlling for individual grinder, is plotted in 

Figure 4. The biggest change in efficiency 

between wood and stone is seen with the shallow 

design in processing acorn. ~38% more acorn 

was ground with the shallow stone mortar than 

with the shallow hardwood mortar. For chia, on 

average about 0.23 more grams of seed is ground 

per minute with stone, a ~38% increase over the 

wood. Shallow stone mortars are about equally 

more efficient at processing acorn and chia seed 

than wooden ones. However, there is almost no 

difference between the deep stone and oak 

mortars in processing chia seed, with only a 3% 

increase from wood to stone. 

 

 

 

Technological Investment 

This section applies the Point Estimate Model 

(PEM) to the data produced. The PEM predicts 

how much use time is necessary to evoke a 

switch from a technology with less costly 

production but lower efficiency to one with 

higher production costs but higher efficiency. 

The model has two conditions that must be met 

before it can be applied. These are listed below. 

 Condition 1: The more costly technology 

must produce a higher return rate. 

 Condition 2: The technology with the 

lower return rate must produce a rate of 

return per unit manufacturing time at 

least equal to that of the technology with 

the higher return (Bettinger 2009). 

As discussed above, both these conditions are 

met. Table 2 presents data from the grinding 

experiments, as used in application to the PEM. 
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The PEM is given in equation 1, which defines 

the expected switching time between technology 

1 and 2, or S1↔2. At this point, the production 

time plus use time (or handling time) is equal for 

the two technologies. If a user expects to use a 

given piece of technology for less than this 

amount of time, she should choose the cheaper 

technology. If they expect to use the technology 

for more time, they should choose the more 

expensive one. 

 Eq. 1: S1↔2 = (r1m2 – r2m1) / r2 – r1, with 

S1↔2 being the critical procurement time 

threshold. 

S1↔2 = (1.42*5.6 – 1.35*17.2) / (1.35 – 1.42) 

S1↔2 = (7.95 – 23.22) / -0.7 

S1↔2 = 218.14 hours 

Results from applying the PEM for 

grinding acorns in deep mortars suggests that if a 

user expects to spend less than 218 hours 

grinding acorn, it is better to use the cheaper 

wooden mortar. On the other hand, if a user 

expects to grind acorn longer than this amount 

of time, it is worth the time and effort to produce 

the more expensive stone mortar. 

 The PEM is applied to the rest of the data 

produced in the grinding experiment. This 

includes the results from the deep mortars at 

processing chia, and the shallow mortars at 

processing acorn and chia.  

 

 

 

The two conditions for the model are satisfied. Using Eq. 1 we have: 

S1↔2 = (0.77*5.6 – 0.74*17.2) / (0.74 – 0.77) 

S1↔2 = (4.31 – 12.73) / -0.03 

S1↔2 = 280.67 hours 
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Thus if a user were to spend less than ~281 

hours grinding chia seed, a wooden deep mortar 

would be a better option. Investing in the 

manufacture of a deep stone mortar is better only 

if the user expects to grind chia seed for longer 

than this amount of time. 

 Table 4 shows data from shallow mortars in 

grinding acorns applied to the PEM. Again, both 

conditions are met and the model can be applied.  

 

 

 

 

Using Eq. 1 we have: 

S1↔2 = (1.2*2.12 – 1.13*8) / (1.13 – 1.2) 

S1↔2 = (0.57 – 9.04) / - 0.07 

S1↔2 = 121 hours 

 The critical procurement threshold for 

grinding acorns with shallow mortars is 121 

hours. Again, the user should choose which 

material to invest in based on whether or not 

estimated use time will be above or below this 

number. If above 121 hours, then the stone 

shallow mortar is a better option; if below, the 

oak mortar is. 

 Table 5 shows data from shallow mortars in 

grinding chia seeds applied to the PEM. Again, 

both conditions for the model are met, and the 

thus the data can be applied.  

 

 

 

 

Using Eq. 1 we have: 

S1↔2 = (0.6*2.12 – 0.41*8) / (0.41 – 0.6) 

S1↔2 = (1.23 – 3.28) / - 0.19 

S1↔2 = 10.79 hours 

 Results from the PEM application of grinding 

chia seed in shallow mortars suggests that a user 

would have to spend less than ~11 hours 

grinding chia for the cheaper wood technology to 

be the best option. However, if more than that 

time were spent processing chia seeds, the 

shallow stone mortar is a better choice. 
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Discussion and Conclusions 

 As expected, stone grinding technologies are 

slightly more efficient for grinding both acorn 

and chia than wooden ones. As well, deep 

mortars are more efficient than shallow mortars. 

At the same time, hardwood seems to be a 

reasonably good material for manufacturing 

groundstone technologies, especially when a user 

expects to use the tool for less than 100 total 

hours (excepting seed grinding in shallow 

mortars). Differences in grinding efficiency are 

not great between wood and stone, especially for 

the deep mortars. For example, in the case of the 

deep mortar, stone was only ~5% more efficient 

than the hardwood in grinding acorn.  

 Considering that the manufacturing costs of 

stone mortars can be three times as high as those 

of hardwood, it may make sense to make and use 

hardwood technologies even though they are not 

as resistant as stone and may not last as long.  In 

a location like the Central Valley where not 

much stone is available, wood was likely an 

important material to make mortars to process 

essential plant foods like acorn and grass seed. 

This is particularly true if a user could expect to 

use a grinding tool for less than 218 hours in a 

deep mortar with acorn, 281 hours in a deep 

mortar with small seed, 121 hours in a shallow 

mortar with acorn, and 11 hours in a shallow 

mortar with small seed. Under such 

circumstances, the additional investment of time 

in producing the more expensive stone 

implement would not have been worth the extra 

production labor. Such conditions may especially 

hold in situations where groups of people were 

more residentially mobile and did not live in a 

single location long enough to use the tool for 

that many hours. This is especially true for heavy 

grinding tools which are not easily carried to a 

new base camp, and therefore, would not be used 

for a significant amount of time. 

 Additionally, the experiment shows that 

mortar technologies are far superior for grinding 

acorns relative to chia seeds. Approximately 

100% more acorn is ground to meal per unit time 

than chia, holding technology constant.  This 

may have affected the types of technologies 

people chose to process different foods.  

  The data also show that deep mortars are, on 

average, about 35% better at processing acorns 

and chia seeds than shallow mortars. This 

suggests that greater surface area of a grinding 

tool aids in processing, regardless of food type. It 

is likely that deep mortars were used more 

extensively for food grinding than shallow 

mortars, but this hypothesis is not explored in 

this paper and needs to be addressed in future 

research. 

 Of course, there are a number of other 

factors that may have affected decisions 

regarding the choice of either wood or stone for 

mortar production that were not considered 

here. Access to and acquisition of raw material 

likely played an important role in this process. If 

a highly efficient material is not available, it 

restricts manufacturers and users to lesser quality 

resources. Additionally, even if the material is 

present, acquisition is necessary. For example, in 

order to make a mortar out of oak wood, the 

manufacturer needs to be able to cut an 

appropriate amount of raw material before 

constructing the tool. If it is not possible to saw 

through an oak trunk or remove a burl large 

enough to make a grinding tool, the material is 

simply not accessible, despite its abundance. 

Another factor is transportation of raw material. 

Schlepping raw material, especially stone, over 

long distances is labor intensive, and may have 

been too much work to render a material viable 

for mortar manufacture. Also, the use-life of a 

mortar is an important element that may have 

affected peoples’ decisions when manufacturing 

grounding tools. For example, if a deep stone 

mortar wears out before 200 hours of grinding 

acorn, it will always be best to invest in wooden 

tools. 

 As constructed, this study assumes that stone 

and wood are equally available to a user needing 

a grinding implement. Thus, the estimated 

manufacturing costs for the technologies 

reported here begin with a cut oak round, or a 

pre-selected stone of the right size and shape 

(but lacking a mortar cup). In an environment 
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such as the Central Valley, where large rocks are 

rare, an additional production cost for stone 

implements is obviously the procurement and 

transport of stone. Likewise, while this study 

began with saw-cut oak rounds, it is unknown 

how much time would be involved in cutting an 

oak limb, burl, or stump to this shape using 

traditional means. Future research could seek to 

estimate these costs and add them to the model. 
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