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Acorn Processing and Pottery Use in the Upper Great Lakes: An Experimental 

Comparison of Stone Boiling and Ceramic Technology 

Abstract 

The adoption of pottery in the Upper Great Lakes region occurs quite late compared to the greater 

Eastern Woodlands. Recent organic residue analyses suggest that the earliest pottery in the Upper Great 

Lakes region was likely used to process acorns. Through experimental means using temperature as a 

proxy, this paper evaluates the efficacy of leaching tannins from acorns by comparing two regionally 

available cooking technologies: stone boiling versus simmering in a ceramic vessel. Our results indicate 

that tannins can be more effectively leached at simmering temperatures like those provided by ceramic 

vessels. At boiling temperatures, tannins are irreversibly bound to the acorn starches, rendering the 

nutmeat inedible in further processing. While there are a number of reasons to adopt and use pottery, it 

appears that processing acorns may be another important addition to this growing list.  

Keywords: acorns; Quercus; tannin leaching; adoption of pottery; stone boiling; experimental 

archaeology; Upper Great Lakes; foodways 

Introduction 

The appearance of pottery is considered a salient hallmark between the Late Archaic and Woodland periods 

of the Eastern Woodlands, a temporal shift that is said to come with a suite of important changes in 

subsistence and residential strategies (Drake and Dunham 2004). In the Upper Great Lakes Region, 

however, pottery does not appear until at least A.D. 600 during the Initial Woodland period.  This is over 

1,000 years after it is first observed in the lower peninsula of Michigan and much later than is seen in the 

greater Eastern Woodlands. Those working in the Upper Great Lakes Region have long asked why pottery 

was adopted so late compared to the rest of the region. 

The observed disparity in the Upper Great Lakes between time period and expected technological 

change provides a unique opportunity to critically engage with the decision-making process behind the 

adoption of pottery among hunter-gatherer populations. Why do hunter-gatherers adopt pottery in the first 

place? Is its adoption inevitable? Does its adoption inherently imply shifts in subsistence and residential 

strategies? Several scholars are now reconsidering the notion that pottery is adopted for a unified suite of 

reasons (Barnett and Hoopes 1995; Rice 1999; Sassaman 1993, 1995; Skibo 2015). 

This paper addresses the role of cooking technologies and acorn processing through new lines of 

complementary experimental evidence to consider the rationale for the adoption of pottery in the Upper 



Great Lakes. Over the course of two years, we conducted a series of experimental trials comparing the 

efficacy of processing acorns using temperature as a proxy for two regional cooking technologies: indirect 

heating by stone boiling technology compared to simmering with direct heating in ceramic vessels. Our 

experimental trials suggest that ceramic containers are better suited for acorn processing than pre-existing 

stone boiling techniques, especially for leaching tannins. 

Dietary Significance of Acorns 

As a plentiful and easily storable source of both fats and carbohydrates, acorns are a significant dietary 

resource. Their significance is often overshadowed by higher profile plant resources, such as maize and wild 

rice. While the dietary and social importance of acorns is well-recognized in regions like California (e.g. 

Basgall 1987; Tushingham and Bettinger 2013), research in the Upper Great Lakes region and the greater 

Eastern Woodlands has only recently demonstrated the importance of acorns as a dietary staple (Dunham 

2009, 2014; Sanger 2017; Skibo 2015; Skibo et al. 2009, 2016). Given the abundance, diversity, storability, 

and nutritional significance of acorns, it is likely that mast-based economies are much more important than 

previously realized. 

Globally, there are approximately 600 members of the genus Quercus (oak), 50 of which can be 

found in the greater Eastern Woodlands region (Stein et al. 2003). Different species of acorns have 

significantly different nutritional profiles and highly variable processing requirements (Ball 1993; Dunham 

2009). Some acorn varieties are favored over others because they do not require extensive processing to 

leach tannins, bitter-tasting naturally-occurring phenolic compounds that bind and precipitate proteins and 

are toxic if consumed in large enough quantities (Chung et al. 1998). Species from the black or red oak 

subgenera (Erythrobalanus) tend to have high tannin contents that require leaching prior to consumption, 

while those from the white oak subgenera (Lepidobalanus) tend to have low enough tannin contents to 

require only minimal processing, or none at all in some cases. While toxic, tannins also act as a natural 

preservative and a high-tannin content could be considered preferable if long-term storage is a primary goal. 

Aside from tannin content, differences in fat to carbohydrate ratios are an important consideration. Acorns 

with higher carbohydrate contents may be better suited for making meals or flours, while those with higher 

fat contents may have been better candidates for oil rendering or for soups. 



In the Upper Great Lakes, there are five known varieties of acorns representing black or red oak 

(Erythrobalanus) and white oak varieties (Lepidobalanus) (Table 1). Red oak species include northern red 

oak (Q. rubra) and northern pin oak (Q. ellipsoidalis) and white oak species include white oak (Q. alba), bur 

oak (Q. macrocarpa), and hills oak (Q. coccina). According to Dunham (2009), red oak and bur oak were 

likely present in the eastern Upper Peninsula of Michigan prior to European settlement. Of these, red oak 

(Q. rubra) is by far the most common. Red oak acorns contain significant levels of tannins, while other 

varieties do not. Reported percentages of phenolic content of red and black oak acorns can range from 2.8% 

to 15.9%, compared to white oak acorns which typically have less than 2% tannins (Table 2). Reported 

nutrient compositions for northern red oak acorns vary significantly in the literature, but generally 

demonstrate that red oak acorns are relatively high in fat, fiber, tannins and have moderate amounts of 

protein (Table 3). 

Archaeological identification of nut processing 

The identification of nut processing activities from archaeological contexts is often pursued in the following 

ways: (1) through the recovery of macrobotancal remains, (2) through organic residue analysis, and (3) 

through experimental archaeology.  

The recovery of macrobotanical remains can provide direct evidence for the processing of plant 

resources, but in the Upper Great Lakes region is often hindered by poor preservation. Acorns are relatively 

thin-shelled nuts and often were not processed in ways that resulted in carbonization (Dunham 2009, 115; 

Lopinot 1982). Despite this, acorns are frequently quite prevalent elements of macrobotanical assemblages 

and have been recovered from several sites in the Upper Peninsula, with dates beginning at least in the Late 

Archaic and with a marked fluorescence in the following Woodland period (Dunham 2009, 2014). However, 

given the infrequent recovery of these deposits and the generally ephemeral archaeological record of the 

Upper Great Lakes region, complementary methodological approaches are beginning to provide valuable 

insight into the role of acorns in this region. 

The advent of organic residue analysis has allowed for more robust investigations of nut processing 

by focusing on the material assemblages associated with the process. Organic materials, especially fats and 



oils, can become impregnated in the pores of certain objects during use. Different plants and animals have 

identifiable lipid profiles in the form of naturally occurring triglycerides, allowing for the specification of 

object function. Organic residue analysis has had marked success in the analysis of ceramics (e.g. Eerkens 

2005; Skibo et al. 2009), groundstone assemblages, and milling surfaces (e.g. Buonasera 2005, 2007, 2016) 

related to acorn processing. The technique employed for the Upper Great Lakes, based on fatty acid 

composition, was developed by Malainey (2007; Malainey et al. 1999a, b, c), who has successfully refined 

the identification criteria for over 130 indigenous plants based on fatty acid composition, as well as the 

effects of cooking and degradation (Malainey et al. 1999b). Pottery sherds and fire-cracked rock from two 

sites located on Grand Island, Michigan (Figure 1), were analyzed using high temperature gas 

chromatography (HT-GC) and gas chromatography with mass spectrometry (HT-GC/MS). The GC-MS 

analysis of three sherds and three fire-cracked rocks from Site 754 yielded plant sterols, very high levels of 

C18:1 isomers and extremely low levels of C18:0, which is consistent with the lipid profile for nut oils (see 

Skibo et al. 2009). This has led to the preliminary interpretation that nut processing was an important 

seasonal activity on Grand Island, and perhaps one that led to the adoption of pottery. As described earlier, 

while the derived GC-MS lipid profile could have been produced by other nuts, like hazelnuts and 

beechnuts, these nuts are not found in either archaeological contexts or in the historic or contemporary 

botanical record. Acorns, however, are found in abundance in both contexts and are a far more likely 

candidate. 

While the results of the lipid residue analysis on Grand Island provide evidence for the existence of 

nut processing activities through the presence of lipids, experimental archaeology allows for the systematic 

investigation of the technological requirements of nut processing. In the study of archaeological acorn 

processing, experimental methods have been employed to assess the relationship between acorn processing 

and open water transport (Fauvelle 2013), acorn processing and ground transport and storage (Bettinger et 

al. 1997), the efficacy of subsurface acorn storage pits (Cunningham 2010), and demonstrating the 

importance of pottery for acorn cake preparation and storage in the western Pyrenees (Ayerdi et al. 2016). 

These examples, however, assume the production of acorn meals or flours. While the production of acorn 

meals and flours has broad global ethnographic documentation, alternative acorn-derived products have not 



been consistently addressed through experimental approaches. 

 

Ethnohistoric overview of acorn use and processing in the Eastern Woodlands 

Ethnohistoric sources from the Eastern Woodlands provide ample evidence for the consumption of acorns 

among Indigenous populations that go far beyond the production of fours or meals (Table 4). These sources 

demonstrate great diversity in final products and processing techniques for acorns. Unlike regions like 

California where acorn meal or flour is the primary final product for consumption, many sources for the 

Eastern Woodlands and Southeast indicate that acorns were often eaten as part of a stew or soup (Catesby 

1729; Densmore 1979; Hilger 1941; Lawson 1860) or were processed to render oil (Bartram 1909; Harriot 

1898 [1588]; Swanton 1946; Lawson 1860; Tyler 1907). These final products are not necessarily mutually 

exclusive. For example, some sources suggest that producing a soup also yielded oil that could be skimmed 

from the surface and stored for later. In a letter from 1796, Benjamin Hawkins observed that oil was 

rendered from red oak acorns by mixing ground acorns with water and allowing the mixture to stand, after 

which point the oil rises and is skimmed off the surface (Hawkins 1916, 31). Lawson indicates that acorns 

were often made into soup by first grinding them into a meal before adding it to venison broth. He goes on 

to explain that the acorns were boiled until “the oil swims on top of the water, which they preserve for use, 

eating the acorns with flesh meat” (Lawson 1860, 80).  

When described, acorn processing techniques employed are highly varied. Many indicate that acorns 

were first dried or parched and then either ground into a paste or boiled whole, while others said that they 

were roasted whole. Many accounts indicate that boiling was an integral element of acorn processing. Not 

only does heating soften the acorn meat, but it is also an effective way to remove tannins. Tyler (1907, 90) 

explains that this process took at least half a day and water was exchanged often, presumably to replace 

tannin-rich water produced during leaching. Some point out that wood ash was added during this process 

(Smith 1923, 66; Swanton 1946, 260), which would serve as a method of neutralizing the tannins through 

chemical means.  

The types of acorns collected and consumed are inconsistently reported and varying preferences are 



likely intimately related to regional availability and the desired final product. Some indicate that white oak 

acorns were preferred for consumption because red oak acorns are too bitter as a result of their high tannin 

content (e.g. Hilger 1941, 145). Others indicate that red oak acorns were selected because they are much 

more abundant than white oak acorns (Harriot 1898 [1588], 16; Smith 1923), making them “one of the most 

important starchy foods” for the Ojibwe (Smith 1923, 402). These discrepancies likely reflect regional 

variation in oak distributions. When white oak trees are more abundant, their acorns are likely preferred over 

red oak acorns because they do not require leaching. Additionally, because red oak acorns tend to have 

much higher fat content than white oak acorns, the final products sought may have been an important 

consideration.  

Overall, ethnohistoric sources from the Eastern Woodlands indicate that acorns were often processed 

into meals or flours, soup or stews, and oil. While acorn meals and flours have received a great deal of 

attention in the literature, the mechanics of producing acorn-derived soups or oils have not been actively 

considered in the archaeological literature. While many ethnohistoric sources indicate that boiling was an 

important element, the associated suite of necessary material elements for this process is not described. The 

primary objective of this study is to reconstruct a potential processing sequence associated with the 

preparation of ethnohistorically documented but currently underrepresented acorn products, namely soup 

and oil. This is accomplished using archaeologically and ethnohistorically documented cooking 

technologies: stone boiling and simmering in ceramic vessels. If ceramic containers offer significant benefits 

compared to preceding stone boiling techniques, we can conditionally support Skibo’s (2015) assertion that 

the adoption of pottery in the Upper Great Lakes was the result of a perceived need to prepare acorns in 

ways that were best accomplished using ceramic vessels. 

Experimental Methodology 

Acorn selection 

For the experiments described here, northern red oak acorns (Q. rubra) were selected for use because of 

their regional abundance in our study region, their ubiquity in the archaeological and ethnohistoric record, 

and their high fat and tannin content. The high tannin levels allowed us to investigate the relationship 



between tannin leaching and processing through the application of heat. Preliminary trials in 2015 utilized 

locally available northern red oak acorns gathered in central Illinois. For the full version of the experimental 

trials in 2016, we purchased northern red oak acorns from Acorno Acorns, a Vermont-based company; the 

experiments were carried out in the Laboratory for Traditional Technology at the University of Arizona. 

Sample preparation 

Acorn kernels were removed from their shells using a mortar and pestle and inspected for quality. Acorns 

from Acorno Acorns are collected from the ground and are typically sold for decorative purposes or for 

animal food, so very little is done to remove spoiled acorns. Acorn spoilage can be identified relatively 

quickly by submersing the acorns in water; any whole acorns that float to the surface are likely rotted. 

Curculios, commonly referred to as nut weevils, are a common acorn pest whose presence is sometimes not 

obvious until the acorns are shelled. Similarly, some early stages of mold-induced spoilage can only be 

identified after shelling. Any acorns that were insect- or mold-infested were discarded immediately. Of the 

25 lbs. that were purchased for these trials, roughly 1 in 5 acorns were discarded. Acorns were stored in a 

box in a dark, cool room between trials.  

The acorn kernel is comprised of two halves, called cotyledons. During shelling, the kernels 

naturally split along the kernel’s longitudinal axis into two separate cotyledons. With the exception of this 

natural separation, no further processing was pursued at this stage. We recognize that some sources indicate 

that acorns were ground into a meal before boiling, where presumably tannin leaching and oil rendering 

happened simultaneously (e.g. Hilger 1941). However, we chose to leach the tannins with heat before 

processing the acorns into a meal for a number of reasons. During our preliminary 2015 trials, we found that 

it is especially difficult to effectively remove tannin-rich water from coarsely chopped and finely ground 

acorns while retaining the nutritious acorn meal and oil. Without a known pre-contact method of sieving, to 

minimize fat loss, we chose to utilize whole acorn kernels for tannin leaching in all subsequent experimental 

trials before grinding them into a paste. Shelled acorn kernels that were free of insects and mold were placed 

in a 4,000 mL PYREX beaker with room temperature water (Figure 2a). All trials used approximately 450g 

of shelled acorn kernels. 



Tannin leaching through indirect and direct heating 

To be made palatable, tannins must be leached from most acorns. Ethnohistoric sources indicate that 

acorns were commonly processed using heat, although the mechanics of this have not been thoroughly 

explored in archaeological literature. There is a known shift in predominant cooking technologies from stone 

boiling to direct heating in a ceramic vessel around AD 600 in the Initial Woodland period. For the present 

study, temperature is considered the most salient difference between stone boiling and simmering in a 

ceramic vessel and is used as a controlled proxy to differentiate the two cooking techniques. Stone boiling is 

an indirect cooking technique that results in a rolling boil through the addition of hot rocks. As the rocks 

cool, boiling temperatures are maintained through the constant exchange of hot rocks (see Neubauer 2018). 

Comparatively, wet mode cooking in Initial Woodland pottery from Grand Island is a direct heating 

technique that only allow its contents to reach simmering temperature because of the thickness and porosity 

of the vessel walls. See Skibo (2015) for a more thorough discussion of performance characteristics of stone 

boiling and pottery from Grand Island.  

To leach the tannins, approximately 2.5 liters of fresh room-temperature water was added to the 

PYREX beaker containing about 450 grams of shelled acorn kernels and heated to either boiling or 

simmering temperatures. An early concern in our experiments was that the tannin leaching process would 

result in a loss of fats if the kernels had been processed into a meal before leaching. Keeping the acorn 

kernels whole during the leaching process allowed for effective tannin leaching while retaining the acorn’s 

most important nutrients during water exchanges. The water and acorn kernels were heated on an industrial 

hot plate until the contents reached either boiling or simmering temperatures, monitored periodically by a 

thermocouple. To replicate stone boiling, shelled acorn kernels and water were brought to a thermocouple- 

and visually-monitored boil (100°C) on an industrial hot plate. Simmering in a ceramic vessel was replicated 

by heating shelled acorns and water at a thermocouple- and visually-monitored simmering temperature (85–

96°C). Simmering is the stage just below the boiling point where bubbles may form but do not have enough 

energy to break the surface tension. This occurs at temperatures between 85°C and 96°C. In total, we 

performed three boiling trials and three simmering trials.  

As tannins are leached from the nut meat, the water turns red and increasingly opaque (Figure 2b, c). 

Both boiling and simmering temperatures resulted in some degree of tannin leaching, as indicated by 



increasingly red opaque water during heating. Acorns were heated for approximately five hours, after which 

point the tannin-rich water was exchanged with fresh water to visually assess the effectiveness of tannin 

leaching. Our trials relied upon visual assessment of the color of the water and the taste of the final product 

to evaluate successful tannin leaching. After the tannin-rich water is exchanged with fresh water, if the fresh 

water remained clear, this indicated that tannins had been successfully leached from the nut meat. The 

resulting nut meat of leached acorns has a mild taste while incompletely leached acorns have a distinctly 

bitter taste. 

Once leaching was completed, the acorn kernels were removed from the PYREX beaker and ground 

into a paste in small batches using a mortar and pestle with approximately 1 oz. of water added at a time to 

aid in grinding (Figure 3). Grinding the acorns and adding water after leaching allowed us to assess the 

impact of different temperatures on supernatant formation, which indicates the extent to which the tannins 

and starches have bound together during heating. Once processed into a thin paste, the mixture was returned 

to the PYREX beaker and set aside at room temperature to observe supernatant formation.  

Results 

Both boiled acorns (simulating cooking through stone boiling) and simmered acorns (simulating cooking 

with a ceramic vessel) released tannins during heating, as indicated by the opaque red color of the heated 

water. However, when boiled, the resulting tannin-rich water was paler in color and the nut meat had a 

notably bitter taste. This is almost certainly the result of the bitter-tasting tannins binding with the acorn 

starches when subjected to boiling temperatures. When subjected to high temperatures and water, starches 

absorb water resulting in permanent and irreversible gelatinization (Ratnayake and Jackson 2007). With 

acorns, this process results in the permanent binding of tannins to the starch. Thus, stone boiling was likely 

an ineffective technique for leaching tannins. Comparatively, acorns subjected to simmering temperatures 

result in effective tannin leaching and the final product tasted neutral and slightly sweet. This suggests that 

the simmering temperatures afforded by ceramic vessels would have been ideal for leaching acorn tannins.  

When the ground acorn paste was returned to the beaker and allowed to stand, the mixture that had 

been simmered separated into two distinct layers: a milky supernatant overlying the ground acorn particles 

(Figure 4a, b). The supernatant nut milk has a subtle and pleasant nutty flavour and a creamy texture. 



Separation of the supernatant nut milk from the ground acorn only occurred in trials that were subjected to 

simmering temperatures (Figure 4b). The absence of supernatant separation is likely a result of starch 

gelatinization when the mixture is subjected to boiling temperatures. This resulting supernatant could have 

been poured off from the ground acorns and consumed immediately or possibly stored for later 

consumption. This indicates that acorns that had been simmered can be processed into a variety of final 

products, including bases for soups and stews and supernatant nut milk.  

The results from these experimental trials demonstrate that temperature has important effects on 

tannin-rich nuts when processing with wet heat. These results are consistent with previous claims suggesting 

that ceramic containers provide significant performance characteristics for processing acorns compared to 

stone boiling techniques (see Skibo 2015). Simmering temperatures provide effective tannin leaching while 

the boiling obtained with a stone boil merely binds the tannins to starches in the acorn.   

Discussion and conclusion 

During the Late Archaic period in the Upper Great Lakes, stone boiling was the predominant 

cooking technology. By the Initial Woodland period, pottery was introduced into the region. A small sample 

of the earliest recovered examples of pottery produced organic residues dominated by lipid profiles 

consistent with nut oil. Our experiments sought to provide preliminary answers to the question: What do 

ceramic containers provide that pre-existing stone boiling techniques did not? 

While stone boiling is quite effective at bringing a container’s contents to a boil, previous 

researchers have identified a variety of disadvantages to this cooking technique. These disadvantages 

include the possibility of rock fragmentation resulting from rapid changes in temperature during heating 

(Sassaman 1995, 228), the large amounts of fuel required to adequately heat enough rocks for cooking 

(Harry and Frink 2009; Thoms 2009), ineffective heat transfer during the transfer of heated stones to a 

vessel’s contents (Nelson 2010, 242), and the difficulty inherent in skimming oils from the roiling surface of 

boiling water (Reid 1989, 228). Additionally, boiling temperatures do not last long and rocks must be 

continually exchanged for new hot rocks as they cool, requiring full engagement and attention in the process 

to ensure adequate cooking and resulting in a potential loss of oil. Driver (1952, 394) indicates that in 



California, processing acorns with stone boiling in baskets was an incredibly “laborious process requiring 

the constant renewal of hot stones and stirring to prevent overboiling and burning the bottom of a vessel.” 

Direct heating, understood here as heating in a ceramic vessel directly over a fire, provides an 

important alternative to stone boiling. Compared to stone boiling, ceramic technology allows for greater 

temperature control, and requires less monitoring and fuel. Significantly, Initial Woodland ceramic vessels 

in the Upper Great Lakes would have only allowed their contents to reach simmering temperatures. Skibo 

has argued that acorns could be more effectively processed through direct heating than with indirect heating 

and made a call for experimental tests to investigate this (2015, 144). Our experimental trials suggest that 

compared to stone boiling, direct heating using a ceramic vessel was the most effective way to maintain 

temperatures appropriate for leaching tannins and allowed for more diversity in final acorn-derived 

products.  

Our experiments demonstrate that boiling temperatures introduced by stone boiling would have 

permanently and irreversibly gelatinized tannins to the acorn meat, resulting in an irreversibly bitter final 

product. If processing considerable amounts of acorns were desired, direct heating with ceramic vessels 

would have been a far more effective technique to make acorns palatable, regardless of the final product 

sought. Our experimental trials lend support to the increasing recognition of the importance of mast-based 

economies among hunter-gatherers and early farmers (e.g. Eerkens 2004; Dunham 2009; Hart et al. 2008; 

Hosoya 2011; Sanger 2017). While it has been suggested that processing acorns may have been a driving 

force behind the adoption of pottery among certain mobile groups (e.g. Eerkens 2005; Halley 1986; 

Sassaman 1993, 1995; Skibo 2015; Skibo et al. 2009, 2016), the mechanics of this process have not been 

systematically evaluated until now. Our study demonstrates that simmering temperatures afforded by 

ceramic technology offer significant performance advantages in processing acorns over pre-existing stone 

boiling techniques. This is not to say that pottery is required for processing acorns. It is critical to recognize 

that acorns can be processed in a number of ways. Different final products necessitate different processing 

strategies, facilities, and tools. We argue that if soups, stews or oils were the desired final products, as 

indicated ethnohistorically and through lipid residue analyses, they could not have been produced using 

boiling temperatures, but instead required the simmering temperatures afforded by ceramic technology.   



These experimental trials should be seen as preliminary and there are a number of ways to continue 

this line of inquiry. Our experiments used temperature as a proxy for two cooking technologies. While this 

provided important results concerning the effect of boiling temperatures on acorn starch gelatinization, 

future research would benefit from replicating these methods with experimental trials using stone boiling 

and ceramic technology, rather than temperature-based proxies. Additionally, while our results are based on 

qualitative assessments of tannin leaching, other techniques exist for determining the presence of tannins 

(e.g., chemical spot tests with ethyl alcohol and ferric chloride solution). Future research would benefit from 

quantifying the differences in tannin leaching effectiveness by processing technique. Our experiments also 

did not include cold leaching methods which are frequently reported in ethnohistoric literature in other parts 

of North America. Further research to compare the effectiveness of cold leaching and leaching through 

simmering and boiling would be beneficial. Importantly, our experimental trials also did not yield a true oil 

as was initially anticipated based on ethnohistoric accounts which describe rendering acorn oil through heat. 

It is likely that producing a pure oil requires more intensive mechanical processes than those employed here. 

Future research would benefit from further exploring ways of mechanically processing nuts into oils.  

In sum, there is no unified suite of reasons for the adoption and use of pottery. While others have 

argued that the widespread adoption of pottery in northeastern North America was associated with the 

preparation of aquatic resources (Taché and Craig 2015; Taché et al. 2008), we can now consider the 

processing of acorns, especially for soups and oils, as another important regional impetus for the adoption of 

pottery. In the Upper Great Lakes, an increased seasonal reliance on storable mast resources may have 

necessitated the adoption of more effective cooking technologies. We argue that pottery provided a 

mechanism to more effectively remove tannins than alternative cooking methods. Future research into the 

adoption of pottery in the Eastern Woodlands should consider the role of acorn processing in their 

assessments.  

 

Acknowledgements 

We thank Kenneth Sassaman and two anonymous reviewers for their thoughtful comments, all of which 

made this a much stronger paper. The purchase of acorns and necessary equipment for this research was 



made possible by a grant from the Social and Behavioral Sciences Research Institute at the University of 

Arizona (SBSRI Pre-Doctoral Research Grant #16PDF0610). Laboratory space was provided by the 

Laboratory for Traditional Technology and the University of Arizona. We would also like to thank James 

Trey Hill, Ethan Ingram, Dustin Lloyd, Christopher Nicosia, and Brooke Wamsley for assisting in acorn 

collection. 

 

Biographical Notes 

*Kelsey E. Hanson (M.S.) is a doctoral student at the University of Arizona with regional foci in both the Great 

Lakes region and the U.S. Southwest with broad interests in studies of migration, performance, craft specialization, 

identity, and religion. She is also interested in and actively engages with experimental archaeology and heritage 

management issues. 

Paula L. Bryant is a staff archaeologist at the Illinois State Archaeological Survey in Elgin, Illinois where her 

research interests currently focus on the management of cultural resources within public lands. 

Autumn M. Painter (M.S.) is a doctoral student in anthropology at Michigan State University where she is currently 

studying foodways and social interaction through zooarchaeological remains from the Morton Village site in the 

Illinois River Valley. 

James M. Skibo is Distinguished Professor Emeritus in the Department of Sociology and Anthropology at Illinois 

State University, and former assistant director of the Laboratory for Traditional Technology at the University of 

Arizona. He has a long-standing interest in pottery and especially pottery function since his ethnoarchaeological work 

among the Kalinga. He currently is the Director of the Grand Island Archaeological Project in Michigan’s Upper 

Peninsula. He is the author of over ten books and edited volumes that focus primarily on pottery, theory, and the 

archaeology of the Upper Great Lakes.  

 

References 

Ayerdi, Miren, Amaya Echazarreta-Gallega, Sara de Francisco-Rodriguez, Hugo H. Hernandez, Izaskum 

Sarasketa-Gartzia. 2016. Acorn Cake during the Holocene: Experimental Reconstruction of its Preparation 

in the Western Pyrenees, Iberia. Vegetation History and Archaeobotany 25(5): 443–457. 

Ball, Janet. 1993. Ethnobotany, Land Use Patterns and Historic Landscape Evaluation: Grand Island, 

Michigan. Heritage Program Monograph 2, Hiawatha National Forest, Escanaba. 



Barnett, William K. and John W. Hoopes, editors. 1995. The Emergence of Pottery: Technology and 

Innovation in Ancient Societies. Washington: Smithsonian Institution Press. 

Bartram, William. 1909. Observations on the Creek and Cherokee Indians. First published in 1791. With 

prefatory and supplementary notes by E. G. Squier. Translated by the American Ethnological Society, 8(1): 

1–81. 

Basgall, Mark E. 1987. Resource Intensification among Hunter-Gatherers: Acorn Economies in Prehistoric 

California. Research in Economic Anthropology 9: 21–52. 

Bettinger, Robert L., Ripan Malhi, and Helen McCarthy. 1997. Central Place Models of Acorn and Mussel 

Processing. Journal of Archaeological Science 24(10): 887–899. 

Briggs, John M. and Kimberly G. Smith. 1989. Influence of Habitat on Acorn Selection by Peromyscus 

leucopus. Journal of Mammology 70(1): 35–43. 

Buonasera, Tammy. 2005. Fatty Acid Analysis of Prehistoric Burned Rocks: A Case Study from Central 

California. Journal of Archaeological Science 36: 957–965. 

Buonasera, Tammy. 2007. Investigating the Presence of Ancient Absorbed Organic Residues in 

Groundstone using GC–MS and other Analytical Techniques: A Residue Study of Several Prehistoric 

Milling Tools from Central California. Journal of Archaeological Science 34: 1379–1390. 

Buonasera, Tammy. 2016. Lipid Residues Preserved in Sheltered Bedrock Features at Gila Cliff Dwellings 

National Monument, New Mexico. Journal of Lithic Studies 3(3): 78–101. 

Catesby, Mark. 1729. The Natural History of Carolina, Florida, and the Bahama Islands: Containing 

figures of birds, beasts, fishes, serpents, insects, and plants, particularly the forest-trees, shrubs, and other 

plants, not hitherto described, or very incorrectly figured by authors, together with their descriptions in 

English and French, to which are added observations on the air, soil, and waters. Revised by Edwards, Vol. 

2. Printed by the author, London. 

Chung, King-Thom, Tit Yee Wong, Cheng-I Wei, Yao-Wen Huang, and Yuan Lin. 1998. Tannins and 

Human Health: A Review. Critical Reviews in Food Science and Nutrition 38(6): 421–464. 

Cunningham, Penny. 2010. Cache or Carry: Food Storage in Prehistoric Europe. In Experimentation and 

Interpretation: The Use of Experimental Archaeology in the Study of the Past, edited by Dana C. E. Millson, 

pp. 7–28. Oxford: Oxbow Books. 



Densmore, Frances. 1979. Chippewa Customs. St. Paul: Minnesota Historical Society Press. 

Dunham, Sean. 2009. Nuts about Acorns: A Pilot Study on Acorn Use in Woodland Period Subsistence in 

the Eastern Upper Peninsula of Michigan. The Wisconsin Archeologist 90(1&2): 113–130. 

Dunham, Sean. 2014. Late Woodland Settlement and Subsistence Patterns in the Eastern Upper Peninsula of 

Michigan. Unpublished Ph.D. dissertation, Department of Anthropology, Michigan State University, East 

Lansing. 

Drake, Eric C., and Sean B. Dunham. 2004. Woodland Period Occupation on Grand Island. Midcontinental 

Journal of Archaeology 29(2): 133–165. 

Driver, Harold E. 1952. The Acorn in North American Indian Diet. Proceedings of the Indiana Academy of 

Science 62: 56–62. 

Eerkens, Jelmer E. 2004. Privatization, Small-Seed Intensification, and the Origins of Pottery in the Western 

Great Basin. American Antiquity 69(4): 653–670. 

Eerkens, Jelmer E. 2005. GC-MS Analysis and Fatty Acid Ratios of Archaeological Potsherds from the 

Western Great Basin of North America. Archaeometry 47(1): 83–102. 

Fauvelle, Mikael. 2013. Evaluating Cross-Channel Exchange in the Santa Barbara Region: Experimental 

Data on Acorn Processing and Transport. American Antiquity 78(4): 790–798. 

Halley, David J. 1986. The Identification of Vessel Function: A Case Study from Northwest Georgia. 

American Antiquity 51: 267–295. 

Harriot, Thomas. 1898 [1588]. Narrative of the First Plantation of Virginia. Third edition. Bernard 

Quartich, London. 

Harry, Karen, and Liam Frink. 2009. The Arctic Cooking Pot: Why Was it Adopted? American 

Anthropologist 111(3): 330–343. 

Hart, John P., Eleanora A. Reber, Robert G. Thompson, and Robert Lusteck. 2008. Taking Variation 

Seriously: Testing the Steatite Mast-Processing Hypothesis with Microbotanical Data from the Hunter’s 

Home Site, New York. American Antiquity 73(4): 729–741. 

Hawkins, Benjamin. 1916. Letters of Benjamin Hawkins 1796–1806. Collections of the Georgia Historical 

Society, Vol. IX. Georgia Historical Society, Savannah, GA. 



Hilger, M. Inez. 1941. Chippewa Child Life and its Cultural Background. Smithsonian Institution, Bureau of 

American Ethnology, Bulletin 146. Washington D. C. 

Hosoya, Leo Aoi. 2011. Staple or Famine Food?: Ethnographic and Archaeological Approaches to Nut 

Processing in East Asian Prehistory. Archaeological and Anthropological Sciences 3(1): 7–17. 

Lawson, John. 1860. History of Carolina, Containing the Exact Description and Natural History of that 

Country. Garrett and Massie Publisher, Raleigh, N.C.  

Łuczaj, Łukasz, Artur Adamczak, Magdalena Duda. 2014. Tannin Content in Acorns (Quercus spp.) from 

Poland. Dendrobiology 72(1): 103–111. 

Lopinot, Neal H. 1982. Chapter 55: Significance of Nuts. In The Carrier Mills Archaeological Project: 

Human Adaptation in the Saline Valley, Illinois (Volume III), edited by Richard Jefferies and Brian Butler, 

pp. 717–743. Center for Archaeological Investigations, Research Paper No. 33, Southern Illinois University, 

Carbondale. 

Malainey, Mary E. 2007. Fatty Acid Analysis of Archaeological Residues: Procedures and Possibilities. In 

Theory and Practice of Archaeological Residue Analysis, edited by H. Barnard and J. W. Eerkens, 77–89. 

British Archaeological Reports International Series 1650. Archaeopress, Oxford, UK. 

Malainey, Mary E., Roman Przybylski, and Barbara L. Sherriff. 1999a. The Fatty Acid Composition of 

Native American Plants and Animals of Western Canada. Journal of Archaeological Science 26: 83–94.   

Malainey, Mary E., Roman Przybylski, and Barbara L. Sherriff. 1999b. The Effects of Thermal and 

Oxidative Decomposition on the Fatty Acid Composition of Food Plants and Animals of Western Canada: 

Implications for the Identification of Archaeological Vessel Residues. Journal of Archaeological Science 

26: 95–103. 

Malainey, Mary E., Roman Przybylski, and Barbara L. Sherriff. 1999c. Identifying the Former Contents of 

Late Precontact Period Pottery Vessels from Western Canada Using Gas Chromatography. Journal of 

Archaeological Science 26: 425–438. 

Messner, Timothy C. 2011. Acorns and Bitter Roots: Starch Grain Research in the Prehistoric Eastern 

Woodlands. Tuscaloosa: The University of Alabama Press. 

Nelson, Kit. 2010. Environment, Cooking Strategies, and Containers. Journal of Anthropological 

Archaeology 29: 238–247. 



Neubauer, Fernanda. 2018. Use-Alteration Analysis of Fire-Cracked Rocks. American Antiquity 83(4): 681–

700. 

Ofcarcik, R. P. and E. E. Burns. 1971. Chemical and Physical Properties of Selected Acorns. Journal of 

Food Science 36: 576–578. 

Pekins, Peter J. and William W. Mauts. 1988. Digestibility and Nutritional Value of Autumn Diets of Deer. 

The Journal of Wildlife Management 52(2): 328–332. 

Ratnayake, Wajira S., and David S. Jackson. 2007. A New Insight into the Gelatinization Process of Native 

Starches. Carbohydrate Polymers 67: 511–529. 

Reid, Kenneth C. 1989. A Materials Science Perspective on Hunter-Gatherer Pottery. In Pottery 

Technology: Ideas and Approaches, edited by G. Bronitsky, 167–180. Boulder: Westview Press. 

Rice, Prudence M. 1999. On the Origins of Pottery. Journal of Archaeological Method and Theory 6: 1–54. 

Sanger, Matthew C. 2017. Evidence for Significant Subterranean Storage at Two Hunter-Gatherers Sites: 

The Presence of a Mast-Based Economy in the Late Archaic Coastal American Southeast. American 

Antiquity 82(1): 50–70. 

Sassaman, Kenneth. 1993. Early Pottery in the Southeast: Tradition and Innovation in Cooking Technology. 

Tuscaloosa: University of Alabama Press. 

Sassaman, Kenneth. 1995. The Social Contradictions of Traditional and Innovative Cooking Technology in 

the Prehistoric American Southeast. In The Emergence of Pottery: Technology and Innovation in Ancient 

Societies, edited by William K. Barnett and John W. Hoopes, pp. 223–240. Washington D.C.: Smithsonian 

Institution Press. 

Short, Henry L. 1976. Composition and Squirrel Use of Acorns of Black and White Oak Groups. The 

Journal of Wildlife Management 40(3): 479–483. 

Skibo, James M. 2015. The Adoption of Pottery in the Eastern United States: A Performance Based 

Approach. In Explorations in Behavioral Archaeology, edited by William H. Walker and James M. Skibo, 

pp. 138–155. Salt Lake City: University of Utah Press. 

Skibo, James M., Mary E. Malainey, and Eric C. Drake. 2009. “Stone Boiling, Fire-Cracked Rock, and Nut 

Oil: Exploring the Origins of Pottery Making on Grand Island.” The Wisconsin Archeologist 90(1&2): 47–

64. 



Skibo, James M., Mary E. Malainey, and Susan M. Kooiman. 2016 Early Pottery in the North American 

Upper Great Lakes: Exploring Traces of Use. Antiquity 90(353): 1226–1237. 

Smith, Huron H. 1923. Ethnobotany of the Menomini Indians. Bulletin of the Public Museum of Milwaukee 

4(1): 1–174. 

Smith, Christopher C., and David Follmer. 1972. Food Preferences of Squirrels. Ecology 53(1): 82–91. 

Stein, J., D. Binion, R. Acciavatti. 2003. Field Guide to Native Oak Species of Eastern North America. 

FHTET-2003-01. U.S. Department of Agriculture, Forest Service, Northeastern Area State and Private 

Forestry. Newton Square, PA. 

Swanton, J. R. 1946. The Indians of the Southeastern United States. Smithsonian Institution Bureau of 

American Ethnology Bulletin 137. Smithsonian Institution Press, Washington D.C. 

Taché, Karine, and Oliver E. Craig. 2015. Cooperative Harvesting of Aquatic Resources Triggered the 

Beginning of Pottery Production in North-Eastern North America. Antiquity 89(343): 177–190.  

Taché, Karine, Daniel White, and Sarah Seelen. 2008. Potential Functions of Vinette I Pottery: 

Complementary Use of Archaeological and Pyrolysis GC/MS Data. Archaeology of Eastern North America 

36: 63–90. 

Thoms, Alston V. 2008. Rocks of Ages: Propagation of Hot-Rock Cookery in Western North America. 

Journal of Archaeological Science 36: 573–591. 

Tirmenstein, D. A. 1991. Quercus rubra. In Fire Effects Information System. U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory.  

http://www.fs.fed.us/database/feis/. Electronic document. Accessed March 16, 2017. 

Tushingham, Shannon, and Robert L. Bettinger. 2013. Why Foragers Choose Acorns before Salmon: 

Storage, Mobility, and Risk in Aboriginal California. Journal of Anthropology Archaeology 32(4): 527–537. 

Tyler, Lyon Gardiner. 1907. Narratives of Early Virginia, 1606–1625. Barnes and Noble Inc., New York. 

Weckerly, Floyd W., Derrick W. Sugg, and Raymond D. Semlitsch. 1989. Germination Success of Acorns 

(Quercus): Insect Predation and Tannins. Canadian Journal of Forest Research 19(6): 811–815. 

 

 

 



 



Figure and Table Captions 

Figure 1. Location of Grand Island, Michigan and sites mentioned in text. 

Figure 2. Process of tannin leaching shelled acorn kernels. (A) Shelled acorns in empty PYREX 

beaker. (B) Room temperature water added to PYREX beaker with shelled acorns. (C) Opaque 

tannin-rich water after simmering for five hours. 

Figure 3. Grinding leached acorn kernels into a paste. 

Figure 4. Separation of milky supernatant from ground acorn nut meat. (A) No supernatant is 

formed from boiled acorns. (B) Supernatant formed from simmered acorns. 

 

Table 1. Oak species (Quercus) of the Upper Great Lakes region (from Dunham 2009:Table 2). 

Table 2. Nutritional information for red oak and white oak subgenera (from Messner 2011:15 

and Ofcarcick and Burns 1971). 

Table 3. Selection of reported northern red oak acorn (Q. rubra) nutrient information. 

Table 4. Summary of ethnohistoric descriptions of acorn processing methods and final products. 

 











Subgenera Species Common Name Frequency Preferred Habitat

Erythrobalanus

Q. rubra Red Oak Frequent

Rare

Lepidobalanus

Q. alba White Oak Rare

Q. macrocarba Bur Oak Rare/Sporadic

Q. coccina Hills Oak Rare

Table 1. Oak species (Quercus) of the Upper Great Lakes (from Dunham 2009: Table 2).

Mesic forests; well drained 
sites

Q. ellipsoidalis (alt. Q. 
coccina)

Northern Pin Oak 
(alt. Hill’s Oak)

Open, xeric, and dry-mesic 
forests, very well-drained 

sites
Dry-mesic forests, well 

drained sites
Lowland forests, ravines and 
bottomlands, particularly on 

limestone-derived soils

Open, xeric, and dry-mesic 
forests, very well-drained 

sites



Subgenera Cal/100g Fat (%) Fiber (%) Ash (%)

Red Oak 299 38.2 3.4 12.9 42.1 1.9 1.5 2.8–15.9*
White Oak 221 47.3 2.8 3.3 43.9 1.3 1.4 < 2

Table 2. Nutritional information for red oak and white oak subgenera (from Messner 2011:15 and Ofcarcik and Burns 1971).

Water 
(%)

Protein 
(%)

Carbohydrates 
(%)

Phenolic 
content 

(%)



Ash (%) Reference

100 3.4 12.9 1.9 1.5 – Messner 2011:15
79.4 4.9 14 26.4 2.4 6.7 – 8.8 Short 1976

6.1 18.3 – 1.7 11.64

33.3 13.27 – 23.88 – –

3.86 – – – – 4.58 Łuczaj et al. 2014
– – – – – 2.8 – 15.9 Weckerly et al. 1989

– – – – – 6

Table 3. Selection of reported northern red oak acorns (Q. rubra) nutrient information.

Oven-dry 
matter (g)

Crude 
protein 

(%)

Crude fat 
(%)

Crude 
fiber (%)

Phenolic 
content (%)

5.36 + 0.43 Briggs and Smith 
1989

Pekins and Mautz 
1988; Tirmenstein 

1991

Smith and Follmer 
1972



Processing Techniques Final Products
Reference Dried/Parched Ground Roasted Boiled Ash Added Soup/Stew Oil Meal/Flour Eaten Whole

X X X X X X X

Hilger 1941:145 X X X X X

X X X X X X X X

Smith 1923:66 X X X
Catesby 1729:x X X X X
Tyler 1907:90 X X X X
Bartram 1909:90 X X X X
Hariot 1898:16,29 X X X

X X X X X X

Table 4. Summary of ethnohistoric descriptions of acorn processing methods and final products.

Densmore 1979:39-
40, 320

Swanton 1946:260, 
277

Lawson 1860:80, 
156
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