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CHAPTER 1 

General introduction 

Food. Beside water and air, it is the main primary need for humans to survive. This is a fact 

today, just as it was in the prehistoric past. Today we have access to nearly any type of 

cultural cuisine in our local supermarkets, but in the past the procurement and preparation of 

food was a much more restricted and strenuous process. The human diet has evolved 

significantly throughout prehistory (Lee-Thorp and Katzenberg, 2015). While in the distant 

past our ancestors may have only eaten raw meats and vegetables, the mastery of fire changed 

this and supported rising energy budgets (Wrangham and Carmody, 2015). Also, the use of 

tools to hunt, gather and process food greatly transformed human subsistence strategies 

throughout time.  

The invention of container technologies marks an important event in human evolution. It 

brought about changes in diet, as it transformed cooking practices tremendously. The earliest 

containers were made of perishable materials such as wood, grass (baskets), bone (whale 

vertebrae containers), and skin or membrane. These organic materials are only rarely 

preserved and so little is known about these early examples (Connolly and Barker, 2004; 

Hommel, 2014). As the use of organic containers brought along challenges (e.g. durability, 

not possible to heat directly), soon another type of container made its appearance: durable, 

hard-walled vessels made of stone or fired clay. 

Pottery technology first appeared in eastern China some 20,000 years ago (Wu et al., 2012). 

This initiated substantial changes in subsistence practices and food processing among hunter-

gatherer groups. It was a significant component of a shift to a very different, more sedentary 

way of life based on the harvesting of surplus resources that than could be processed and 

stored through the use of containers. Despite their usefulness, durable, hard-walled container 

technologies come at a price of substantial investments in manufacture and maintenance. 

Carving a stone bowl takes time and effort, as does the shaping and firing of pottery 

(Admiraal and Knecht, 2019; Frink and Harry, 2019; Ugan et al., 2003). Furthermore, such 

vessels are heavy and breakable. As a result of these challenges durable container 

technologies were previously often regarded a cultural trait of the more sedentary agricultural 
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groups of the Near East and Western European Neolithic (Çilingiroǧlu, 2005). The extensive 

presence of pottery in hunter-gatherer societies was for a long time neglected in mainstream 

archaeology and had not received any systematic attention prior to the last decade (Jordan 

and Zvelebil, 2009).  

During the past decade several studies have shown that pottery was indeed abundantly 

present in the hunter-gatherer societies of Northern Eurasia (Craig et al., 2013; Gibbs et al., 

2017; Jordan et al., 2016; Jordan and Gibbs, 2019; Jordan and Zvelebil, 2009; Kuzmin, 2017; 

Lucquin et al., 2018; Shoda et al., 2017, 2018; Wu et al., 2012). Jordan et al. (2016) 

showed that pottery was independently invented in both East Asia – South China, and 

sub-Saharan Africa. By modelling the radiocarbon dated pottery sites the dispersal of 

pottery across Eurasia was inferred, creating more insight into the general spatiotemporal 

patterns of pottery emergence and dispersal. However, questions concerning the why 

and how of pottery innovation, adoption, dispersal, and rejection remain largely 

unanswered.  

Figure 1.1: Map of Northeast Asia and Alaska, showing early pottery sites on the left in red (>3,000 cal BP), and later 

pottery dates on the right (purple circles = <3,000 cal BP in NE Asia; yellow = Norton in Alaska (3,000-1,000 cal BP); blue 

= Thule: <1,000 cal BP in Alaska). Sites in NW Asia and non-Arctic North American sites were not included and neither 

were later sites from non-(sub)Arctic settings. This map was made by Frits Steenhuisen and the author, information on the 

sites is found in Tables S6.4 and S6.5. 

With the dispersal of pottery into extreme environments such as the circumpolar north (at ca. 

4,500 cal BP) these questions come particularly in sharp focus. As indicated by Jordan et al. 
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(2016), understanding the function of pottery (as well as other durable container 

technologies) is essential to understand why and how pottery spread. Several recent studies 

have focused on this very topic and have tested Northeast Asian ceramic vessel function 

using organic (lipid) residue analysis (Heron and Evershed, 1993) and stable isotope analysis 

(Evershed et al., 1994) to better understand the function of (Northeast Asian) hunter-gatherer 

pottery (Craig et al., 2013; Gibbs et al., 2017; Lucquin et al., 2018; Shoda et al., 2017). 

Despite these recent research efforts we are still a long way from truly understanding the 

drivers of pottery adoption and spread among hunter-gatherers, especially in marginal areas 

such as the Arctic and Subarctic. In this area, the manufacture and maintenance of pottery is 

even more costly than in other, more temperate, climates (Jordan and Gibbs, 2019). 

Furthermore, Subarctic Southwest Alaska constitutes the extreme limit of a series of major 

dispersal events of pottery technology, originating in Northeast Asia (fig. 1.1). It is here that 

key issues concerning the reasons for the adoption of pottery are brought into the sharpest 

focus, making it an interesting region to investigate the reasons for pottery adoption by non-

sedentary, non-agricultural societies. For these reasons, this doctoral project has focused on 

pottery adoption, dispersal, and rejection at the very limit of the Northeast Asian ceramic 

dispersal event, Southwest Alaska.   

Figure 1.2: Map of Southwest Alaska, including the Aleutian Islands, Alaska Peninsula, and Kodiak Island research areas. 

Pottery reached Alaska fairly late in its dispersal trajectory, by about 2.800 years ago 

(Admiraal and Knecht, 2019; Anderson et al., 2017; Dumond, 1969; Jordan and Gibbs, 

2019), and was eventually terminated here as well (see chapter 7 on Kodiak Island). 

Interestingly, stone vessels were present much earlier in certain Subarctic areas such as the 
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Aleutian Islands (possibly at 9.000 cal BP) (Admiraal et al., 2019; Admiraal and Knecht, 

2019). During later times (ca. 1.000 cal BP), Thule soapstone containers became a rival 

technology for pottery in the Alaskan North (Frink and Harry, 2019). While Canadian and 

North Alaskan soapstone technologies have been investigated before (Frink and Harry, 2019; 

Frink et al., 2012), their Aleutian counterparts, made of volcanic tuff, have not. 

Alaskan pottery technology did not reach the Aleutian Islands but remained restricted to the 

Alaska Peninsula, and eventually Kodiak Island and Cook Inlet at its southernmost 

extent. Nonetheless, knowledge of the utilization of clay for cooking practices was 

present on the Aleutian Islands where flat (griddle) stones were known to be used to build 

clay walls upon, creating a container in which soup could be cooked (Johnson, 2004). 

Investigating these rival-technologies may shed more light on the drivers of pottery 

adoption in Alaska. The neighboring areas of Southwest Alaska (fig.1.2), with all their 

similarities and differences (e.g. ecological, climatic, geographic, cultural, etc.), make 

for excellent case studies to investigate the processes that drove the adoption (and 

rejection) of pottery and other durable container technologies at the margins of their 

existence.  

Aims and objectives

The main aim of this research is to investigate the (pre)history of durable container 

technologies in Southwest Alaska. More specifically: to understand the reasons for 

pottery adoption, and to evaluate artefact evolution throughout time with respect to 

function. What drove the adoption of pottery into Subarctic Southwest Alaska? To 

answer this main research question this research focuses on several other questions: What 

was pottery used for throughout time? How does the function of stone bowls in the 

Aleutian Islands compare to pottery function in Southwest Alaska? What were the 

reasons for the delayed and partial adoption (and rejection) of pottery on Kodiak Island? 

In order to answer these questions several objectives were set: 1) to investigate the research 

context and review existing literature to better understand the trajectory of pottery 

dispersal into Southwest Alaska; and 2) to use organic residue analysis to generate new 

data through which we may: a) determine vessel function and use patterns of the earliest 

durable container technologies (including pottery and stone bowls) in Southwest Alaska; b) 

examine changes in function throughout time and across cultural boundaries; and c) to 

explore regions (Kodiak Island) where pottery adoption was substantially delayed and 

eventually halted through rejection.  
44



Thesis structure 

To initiate the research a critical review paper was written that contextualized the research, 

identified gaps in knowledge, and helped formulate key questions to be addressed here. This 

paper was published as a chapter in the Cambridge University Press book Ceramics in 

Circumpolar Prehistory: Technology, Lifeways, and Cuisine, edited by Peter Jordan and 

Kevin Gibbs (2019). This contribution is presented here in chapter 2: Archaeological 

Research Context: understanding the function of prehistoric container technologies in 

prehistoric Southwest Alaska. The chapter highlighted that many key questions raised here 

pertain to vessel function, may in fact be addressed by organic residue analysis. Therefore, 

this was selected as the core method of the research project. In chapter 3 (methodology) the 

history of the method and its application is reviewed. Critical review of the method, 

archaeological context and ethnographic information  concerning pottery manufacture and 

maintenance raised potential challenges early on (see chapter 2). The problem was identified 

and subsequently addressed through experimental methodological. The results of this 

experiment were insightful and were written up in a methodological paper (chapter 4) titled 

Leftovers: the presence of manufacture-derived aquatic lipids in Alaskan pottery, that was 

published in Archaeometry.   

With the improved understanding of the material and method following this experiment, I 

was now able to address the core aims and objectives, and answer the specific research 

questions of this research. Three local case studies were completed. These case studies form 

the core empirical research of this thesis.  

• The Aleutian Islands: what was the function of stone bowls and griddle stones, the

earliest hard-walled, but non-pottery, containers? Why were they invented, and what

explains their use trajectory? Organic residue analysis was used to investigate thick

layers of food residues remaining on nearly 30 artefacts from the area. Results were

published in a special issue on Aleutian archaeology of Quaternary Research edited

by guest editors Bre MacInnes, Ben Fitzhugh, Kirsten Nicolaysen, and Virginia

Hatfield. The contribution is titled: Investigating the function of prehistoric stone

bowls and griddle stones in the Aleutian Islands by lipid residue analysis and is

presented here in chapter 5.
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Figure 1.3: Aleutian Islands, including site locations sampled for this research (map by F. Steenhuisen) 

• The Alaska Peninsula: this area may be described as the furthest extent of a large-scale

pottery dispersal process that originated in Northeast Asia. What drove the adoption of

pottery in this marginal area? What was the function of pottery and did function change

over time?

Figure 1.4: The Alaska Peninsula and site locations sampled for this research (Norton = yellow, Thule = blue) 

To investigate, nearly 50 pottery sherds from the early Norton, and later Thule cultural 

traditions were tested by organic residue analysis. Results are presented here as a draft 
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paper I intend to submit to Proceedings of the National Academy of Sciences (PNAS) in 

the near future. This contribution is titled: Adoption of pottery into the New World Arctic 

linked to intensive riverine fishing, and is presented here in chapter 6. 

• Kodiak Island: What caused the substantially delayed adoption of pottery on Kodiak 

Island? And why was pottery technology only adopted in the southern half of the 

archipelago, and rejected by communities in the north? Thirty-five pottery vessels 

from Kodiak were tested for organic residues to investigate interesting patterns of 

vessel use with respect to contextual information about resource distributions and 

social boundaries during the late prehistoric Koniag phase. Research results are 

presented in a paper submitted to American Antiquity (July 11, 2019), titled: 

Resource-based social boundaries in Kodiak Island prehistory: investigating the 

adoption and rejection of pottery with organic residue analysis, that is included here 

in chapter 7.

Figure 1.5: Kodiak Island and site locations sampled for this research (orange = ceramic Koniag sites; purple = non-ceramic 

Koniag sites; black dots = clay-lined pits; yellow triangle = early pottery occurrence; numbers refer to sampled sites, see 

chapter 7).
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The results presented in this thesis have involved more than a hundred samples of pottery, 

stone bowls and griddle stones from the Aleutian Islands, Alaska Peninsula and Kodiak 

Archipelago in Southwest Alaska. These samples were collected for organic residue analysis, 

during two visits to multiple museums that house the collections (i.e., the Museum of 

the Aleutians; the Museum of Natural and Cultural History in Eugene; the Alutiiq 

Museum; the Anchorage Museum, the Arctic Studies Center; and the Katmai National 

Park Service). Permissions to sample the artefacts were kindly granted by the 

Ounalashka Corporation, Akhiok Kaguyak Inc., the Old Harbor Native Corporation, Koniag 

Inc., and the U.S. Fish and Wildlife Service.  

After collection, the samples were transported to the University of York BioArCh laboratory. 

Having no previous experience with the method employed in this research, I underwent a 

comprehensive 12-month training at the University of York. This enabled me to complete the 

lipid analysis and stable isotope analysis successfully, while supervised by prof. Oliver Craig. 

This methodological training constituted a major part of the PhD project and resulted in the 

five papers presented in this thesis (chapters 2, 4-7). Furthermore, the research 

was presented at several occasions including public lectures at the Museum of the 

Aleutians in Unalaska, and the Alutiiq Museum on Kodiak Island, as well 

as various conference presentations (see Figure S4.1 and S5.1). Upon future visits to 

the research area, I intend to present my final results to the (Native) communities. All 

published results are shared with the stakeholders (i.e., the Native corporations, 

museums, and government institutions).  
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CHAPTER 2 

Understanding the Function of Container Technologies in Prehistoric Southwest Alaska 

by 

Marjolein Admiraal and Richard Knecht 

Published in: 

P.D. Jordan and K. Gibbs (eds.), 2019. Ceramics in Circumpolar Prehistory: Technology,

Lifeways and Cuisine. Cambridge University Press, pp. 104-127. 
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SIX

UNDERSTANDING THE FUNCTION
OF CONTAINER TECHNOLOGIES
IN PREHISTORIC SOUTHWEST ALASKA

Marjolein Admiraal and Rick Knecht

INTRODUCTION

Where the Pacific Ocean meets the Bering Sea, sharp green peaks rise from the
water surrounded by low hanging clouds. These peaks are the Aleutian Islands,
which form part of the Pacific Ring of Fire, a circum-Pacific chain of volca-
noes. Humans have inhabited the Eastern Aleutian Islands for at least 9,000
years. It was on one of these islands that the earliest evidence for the use of
container technologies in Alaska was discovered: a stone bowl fragment dating
to at least 8000 BP1 (Aigner 1977).

Since these early times, container technologies such as stone bowls and
pottery have played a significant role in people’s everyday lives. Vessels are
often associated with household activities such as cooking and storing. But the
cost of maintaining container technologies in challenging environments, such
as in the Arctic and Subarctic, is high. Nevertheless, prehistoric peoples in
Southwest Alaska chose to invest great time and effort in the manufacture of
stone bowls and ceramic vessels. However, not much is known about the
function of these potentially very important containers. What was so important
about these container technologies that people were willing to invest in them
so extensively? What were they used for? What motivated people to use
expensive vessels and how was this use embedded in their everyday lives?

The process of converting marine resources into food and fuel may be a vital
consideration when trying to understand the role container technologies played

104
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in the lives of Alaska’s prehistoric coastal communities. The introduction of these
container technologies coincides with the intensification of a more sedentary
maritime subsistence strategy. Additionally, the distribution of stone bowls and
pottery in Alaska appears to be limited to coastal areas. In contrast, inland groups
generally lack expensive container technologies, although there are some excep-
tions. Vessel function plays a significant role as it may explain why container
technologies were so important in maritime economies. Despite this, vessel
function has rarely been investigated and remains poorly understood. It is
hypothesized here that the introduction of container technologies is connected
to the rise of a specialized maritime adaptation.

This chapter aims to critically review the current knowledge of container
technologies in Southwest Alaska in order to gain an understanding of vessel
function and the role container technologies played in prehistoric societies in
Southwest Alaska. The focus area encompasses the Southwest Alaskan coast of
the Pacific Ocean and the Bering Sea, including the Yukon-Kuskokwim River
Delta, the Alaska Peninsula, Nunivak Island, the Aleutian Islands and the Kodiak
Archipelago (Figure 6.1). The chapter is organized chronologically (Table 6.1),
starting with the stone bowls of the Aleutian Islands and the technology of
griddle stones that eventually replaced stone bowls in that area. Subsequently the

6.1. Map of Alaska, including the Alaska Peninsula, Aleutian Islands and Kodiak Island.
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table 6.1. Culture history and container technology occurrence in: the Aleutian Islands; the Southwest
Alaska mainland (including the Alaska Peninsula); and Kodiak Island.

106 CERAMICS IN CIRCUMPOLAR PREHISTORY
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first emergence of pottery in Alaska is discussed, after which more attention will
be given to the establishment of the pottery-using Norton and Thule cultural
traditions in Southwest Alaska. Questions concerning the replacement of Nor-
ton pottery by Thule pottery and the wide influence Thule culture had on, for
example, the Koniag tradition of the Kodiak Archipelago, will be addressed.
What technological choices were made and why? Tools were used at every stage
of food procurement and processing, and every step (i.e., capture, processing,
cooking, consuming, storing) in this process demanded a specific tool kit. How
did container technologies fit into these processes? What was their function?

THE RISE OF ALASKAN CONTAINER TECHNOLOGIES

The earliest evidence of container technologies in North America is found in a
site from the Anangula Culture on the Eastern Aleutian Islands, dating to
around 8000 BP in the form of a bowl fragment carved from volcanic stone
(Aigner 1977; McCartney and Veltre 1996). The manufacture of stone bowls
is, like many other crafts, labor-intensive and time demanding. What was so
important about these vessels that they were worth such an effort? Very little
research has been conducted on this vessel type. Pottery has been better
studied. The use of pottery is generally confined to warmer, dry climates
where clay can be dried and fuel is abundant for firing. In the Subarctic,
winters are often too cold for the procurement of clay. During the short
summer season circumstances are more favorable, but still far from ideal.
Because of damp conditions in the coastal areas where pottery is usually found,
clay pots dry slowly and, due to fuel shortages, firing is often problematic. The
manufacture of pottery in the Subarctic is a time-consuming process. Despite
these challenges, humans produced simple ceramic pots across Alaska from at
least 2600 BP to late historic times (Harry et al. 2009; Anderson et al. 2017).

Stone Bowls from the Aleutian Islands

Stone bowls have a long-lived presence on the Aleutian Islands and generally
date to a phase described by Knecht and Davis (2001) as the Margaret Bay phase:
4000–3000 BP. Among others, sites containing bowls from this period are the
Unalaska Island sites at Margaret Bay (UNL-48, n = 426), Amaknak Bridge
(UNL-50, n = 71), Tanaxtaxak (UNL-55, n = 6) and the Chaluka site located
on Umnak Island. An earlier, though scarce occurrence (n = 1) was recorded at
the Anangula Blade site, dating to the Early Anangula phase: 9000–7000 BP
(Aigner 1977). In the past, stone bowls have been incorrectly interpreted as
pottery (Quimby 1945). This notion was later rectified by McCartney (1970);
there is no known occurrence of pottery on the Aleutian Islands.

Most of the stone bowls are large and either oval or sub-rectangular in form
(Figure 6.2 and 6.3). Sizes generally range from 12 to 45 cm in diameter and 3 to
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13 cm in depth (Denniston 1966, Knecht
and Davis 2001, Knecht et al. 2001).
Stone bowls are large and heavy to the
point that they are not easily portable.
Bases of the bowls are flat and thinner
than the rims. Two different bowl shapes
can be roughly distinguished. One type is
nicely ground and shaped on both the
inside and the outside and usually made
of fine-grained tuff (Figure 6.2). The
other type is made of a coarser volcanic
tuff resulting in bowls with a rougher
appearance. The latter are also bigger and
generally have higher walls (Figure 6.3).
Layers of charred material are often pre-
sent on the exterior and rims of bowl
fragments of either type, while the insides
of the bowls are usually clean (Knecht and
Davis 2001, Knecht and Davis 2008). The
presence of a greasy layer of organic
material on vessels is often assumed to be
associated with the rendering of marine
mammal fats (Knecht et al. 2001). Could
this be the main function of these vessels?
Future research on residues may provide
an answer to this question.

The function of stone lamps is better
understood. Rendered animal fat was
burned in these extremely shallow vessels
with thick bases that are easily distin-
guished from the thin based, steep sided
stone bowls (see Figures 6.2 and 6.3 com-
pared to Figure 6.4). The use of stone
bowls in the Aleutian Islands sharply
declined after 3000 BP until eventually
being abandoned around 2000 BP
(Knecht et al. 2001). The decline of the
stone bowls may be connected to the
increased occurrence of a rival cooking
technology known as “griddle stones.”

6.2. Nicely ground stone bowl fragment of fine-
grained volcanic tuff from the Amaknak Bridge site
(UNL50-#1383). (Photograph: M. Admiraal,
courtesy of the Museum of the Aleutians)

6.3. Large stone bowl fragment made of coarse
volcanic tuff from the Margaret Bay site (UNL48-
#1479). (Photograph: M. Admiraal, courtesy of the
Museum of the Aleutians)

6.4. Aleutian stone lamp, notice the shallow basin
and slightly raised platform in the middle for the wick.
(Photograph: M. Admiraal, courtesy of the Museum
of the Aleutians)
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Griddle Stones or “Stone Frying-Pans”

These flat stones have been described as “stone frying-pans” by Jochelson (1925,
p. 73) and are also found in the Aleutian Islands. Even though this artifact type is
not very similar to the stone bowls, they might have been used for the same
purpose: cooking, and thusmight have functionally replaced the stone bowls after
2000 BP. The stone slabs range in thickness from 1 to 4 cm. They were found at
various sites on Unalaska and Amaknak Island, including the Tanaxtaxak and
Oiled Blade sites as well as at various sites on Adak Island (ADK-061; -011; -012; -
171) (Corbett et al. 2010; Hatfield 2010;Wilmerding andHatfield 2012) and at the
Islands of the FourMountains (VirginiaHatfield, personal communication, 2017).
At Adak Island it is evident that griddle stones became more common through
time with the earliest specimens at 6041–5735 BP, then a clear increase and an
absolute abundance of griddle stones during the period of 400–170 BP
(Wilmerding and Hatfield 2012).

How were these flat stone slabs used? At the late historic Nunik site, midden
material containing shellfish, marine mammal bones and fish remains were
associated with griddle stones. These features have been interpreted as roasting
pits by Johnson (2004). Jeanotte et al. (2012) conducted a study of lipid residues
on griddle stones from the ADK-011 site. They conclude that organic residues
on the surface of the griddle stones show contributions from sea food, probably
as a result of prehistoric cooking practices. However, further bioarchaeological
research is necessary to confirm this.

Ethnohistorical research can provide valuable information on methods of
food preparation and processing. Various sources quoted in Johnson (2004)
note that fish was commonly consumed raw, as was meat, often in order to
maintain vitamins important for survival in the subarctic environment. How-
ever, Jochelson (1925) notes that fish was also sometimes prepared in nearby
hot springs. He describes how cooking usually took place either in the open air
or in semi-underground kitchen huts: “There they fried meat of sea animals,
birds, and fishes on flat stone frying-pans called cu´ñluxʽ” (p. 73). He also
stresses that lamps were not used to cook on as they were in the southern
regions. The griddle stones are further defined by Jochelson (1925) as made “of
volcanic andesitic tuff blackened by smoke on the lower side and with grease
on the upper. In use the edges of the frying-pan were supported by stones, so
wood could be burned under it” (p. 73). C. I. Shade described the traditional
Unangan way to prepare soup using a griddle stone in Johnson (2004: 52):

The traditional method of making soup was to dig a fire pit and place
over it a stone, flush with the ground. Then a very thin beach stone was
placed on the fire stone and clay walls built upon this base. The liquid
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was cooked in this. A bluish clay called qudii u was used for the walls of
this vessel which turned white when heated. This kind of fire pit was
called unaalu. The same vessel was used more than once. One way of
preparing the cod soup was with seaweed and seal oil.

Griddle stones may have been used in different ways. A specimen from the
late prehistoric Tanaxtaxak site shows a use pattern that might be consistent
with Shade’s report (Figure 6.5). A clear line is visible on the (fractured) griddle
stone, possibly marking the location of an object; this could have been a thin
beach stone as mentioned by Shade. On the outside of the line, food crust
residues are plenty, on the inside the surface is clean. This might also represent
the boundary of the clay walls Shade speaks of, however no visual evidence of
these walls was found on the flat stone, nor is there any mention of clay
remains in the excavation report.

Early Pottery

Pottery first appears in the area of the Bering Strait around 3000 BP (Ackerman
1982). The Norton tradition, generally restricted to the coastal regions of
Alaska, was the first culture in the North American Arctic to have used and

6.5. Griddle stone fragment from the Tanaxtaxak site (UNL55-#2247). (Photograph:
M. Admiraal, courtesy of the Museum of the Aleutians)
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manufactured pottery. Norton, however, is not homogeneous throughout
Alaska and the northern expression differs from the southwest mainly in
subsistence patterns. These subsistence patterns may prove to have played a
major role in the local adaptation of pottery. The southwest Norton tradition
was mainly based on a mixed subsistence strategy of fishing (salmon), terrestrial
hunting (caribou) and maritime hunting (seal). In 1977, Dumond defined the
wider Norton tradition as including the Choris, classic Norton and Ipiutak
traditions (Dumond 1977).

Choris
Choris (3800–2600 BP) is the first known archaeological tradition in Alaska to
have made and used pottery and it is therefore an important point of departure.
Choris may be described as the cultural gateway for ceramic container tech-
nology from Northeast Asia, where it is thought to have originated, to Arctic
North America (Dumond 2000). Although caribou remained the dominant
prey-species, the Choris era marked an initial shift in subsistence with an
increased focus on marine resources (Ackerman 1998). Choris bears resem-
blance to the Arctic Small Tool tradition (ASTt) as well as to cultures on the
Pacific coast of the Alaska Peninsula and eastern Siberia (Dumond 2000). As
economic focus shifted, sedentariness increased and pottery was introduced.
Pottery of this period is generally thin walled, fiber tempered and well fired.
Early pottery is cord marked and has flat bottoms (Ackerman 1998). Later
pottery has round or conical bases, which makes the pottery less susceptible to
thermal shock, and it is usually decorated with linear designs. Check stamped
designs are also known, however these designs are more common in the later
Norton phase (Ackerman,1998, Dumond 2000, Dixon 2014).

Norton
By 2500 BP, the Choris culture had been entirely subsumed by the Norton.
Subsistence was still based on both coastal (e.g., seal and sometimes whale) and
terrestrial resources (caribou). However, river fishing seems to have played a
particularly significant role. There is an abundant presence of net sinkers at
Norton sites south of the Bering Strait. Additionally, major sites are often
located near river mouths along the Bering Sea coast or further upstream.
Fishing practices were primarily focused on anadromous fish (e.g., salmon)
(Dumond 2016). These fish spend most of their lives at sea but migrate to fresh
water to spawn. These “runs” primarily occur south of the Bering Strait, which
might explain why the Norton tradition was different in the south and
remained there for another 1,000 years, while in the north it was replaced
by the non-ceramic Ipiutak around 2000 BP (Dixon 2014).

As demonstrated by Britton et al. (2013), on Nunivak Island, Norton people
maintained a predominantly high trophic marine diet around 1750 cal BP. As
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caribou and salmon were also available this seems to have been the result of
dietary choice and not dictated by environmental limitations. Additionally, the
diet seems to have been consistent throughout the year, suggesting that people
were able to maintain the same diet in a highly seasonal environment, probably
through the storage of dried meat.

The occurrence of the Norton tradition ranged from the Alaska Peninsula
to the western Canadian Arctic. Coastal sites are the largest and most numerous
and pottery is found in abundance at these sites. Interior sites are also present in
the hinterland of the Bering Sea coast and on the Alaska Peninsula. Pottery is
often absent at inland sites, though there are some important exceptions, such
as the inland sites of the Naknek and Brooks River drainages of the Alaska
Peninsula. Some of these sites were quite substantial while others were only
briefly occupied. The abundance of caribou antler in Norton assemblages, as
well as the distribution of interior sites, indicates that caribou was still an
important prey species (Dumond 2000). It has been proposed that northern
Norton sites were short-term spring–summer campsites, while larger, year-
round sites were located further to the south (Ackerman 1998).

On the Alaska Peninsula the Norton tradition appeared around 2300 BP
after a millennia-long hiatus, probably caused by a catastrophic volcanic event.
Dumond (1981) distinguishes three subsequent phases during this early period
of pottery manufacture on the Alaska Peninsula. He refers to them as the
Brooks River Period, including the Smelt Creek, Brooks River Weir and the
Brooks River Falls phases. River fishing again became the primary economic
focus on the peninsula (Dumond 1998). The geographical character of the
peninsula might have complicated contact between groups living on either
side of the Aleutian Range. On Takli Island on the Pacific coast of the
peninsula, Norton pottery appears only around 1800 BP. Further to the
southwest, near the Chignik River, Norton-like features are present but
pottery is lacking. Farther to the southwest pottery was found along the
Ugashik River (Henn 1978, Dumond and Scott 1991).

The pottery of the Norton tradition does not differ much from what is
known of earlier Choris times, but it became much more common. Generally
the pots were thin walled (thickness ranging from 3 to 10 mm), fiber tempered
and relatively well fired. Based on its decoration, pottery was previously
divided into two distinctive types: Linear stamped and the much more
common Check stamped type, also seen on Nunivak Island (Griffin and
Wilmeth 1964). Both types occurred simultaneously until around
1900 BP when Linear stamped pottery disappeared (Dumond 2000; Griffin
2002). Most of the early check stamp decorations appear on vase-like pottery
with a narrowed rim (Figure 6.6 and 6.8a), although bowl shapes are also
mentioned (e.g., on Nunivak Island) (Dumond 1969: 26). Early pottery was
flat based with walls flaring out (Griffin and Wilmeth 1964). Somewhat later
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cylindrical and barrel-shape pots pre-
dominated (Figures 6.6 and 6.7)
(Dumond 1969; Frink and Harry 2008).
As time progressed pottery tended to
become thicker and coarser (Dumond
1969; Dumond 1984).

Later Ceramic Traditions

Thule Culture History
By 1000 BP the Norton tradition became
subsumed by the Thule in the entirety of
Alaska, and Norton pottery of the south-
west was replaced by the relatively crude
and thick pottery of the Western Thule
tradition (Figure 6.8c and d) (Dumond
2000, Dumond 2005). The classic Thule
culture is mainly known for its specialized
maritime economy (especially bowhead
whale hunting), and the rapid migration
from Alaska to the eastern Canadian
Arctic and Greenland around 1000 BP.
Characteristic of Thule culture are semi-
subterranean houses that were partly
constructed by the use of whale skeletal
elements (Crockford 2008). Whaling sub-
sistence industries seem to have arrived in
Alaska fully developed but it is unclear
where this practice originated and
evolved. Possible origin regions are the
Aleutian Islands, where sea ice-edge
exploitation was already practiced around
4700 BP (Crockford 2008), and the coastal
areas of Chukotka (Mason 1998).

On St. Lawrence Island, the Punuk
Islands and Nunivak Island archaeo-
logical finds indicate an early Thule-like
presence at 1800 BP termed the Old
Bering Sea culture (Dumond 1969).
Crockford (2008: 114) has described
Thule culture as “not adapted to a spe-
cific migratory resource (i.e. bowhead

6.7. Norton pottery of the Brooks River Weir phase
(#1022). (Photograph: M. Admiraal, courtesy of the
University of Oregon Museum of Natural and
Cultural History)

6.6. Norton pottery of the Smelt Creek phase
(#1025). (Photograph: M. Admiraal, courtesy of the
University of Oregon Museum of Natural and
Cultural History)
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whales), but to a particularly mobile habitat (the southern edge of the seasonal
sea ice)”. The economic focus of the Old Bering Sea culture was exclusively
on marine resources such as walrus, seal and, to a lesser extent, whale (Mason
2009). The pottery of this culture was termed St. Lawrence Corrugated. Just
like with Norton pottery, it is fiber tempered. However, it is thicker and
cruder, similar to Thule-style pottery. Pots are generally cylindrical with
rounded bases and thickness varying from 10 to 15 mm (Oswalt 1955). This
pottery type is generally absent from the Alaskan mainland with the exception
of a few isolated finds. On St. Lawrence Island an early shift occurred towards
more coarsely tempered pottery termed St. Lawrence Plain. This pottery is
generally viewed as part of Thule. Because this shift occurred much earlier on
the Bering Sea islands than it did on the Alaskan mainland, it has been
proposed that Thule influence originated in Northeast Asia and arrived in
Alaska through the Bering Sea region (Oswalt 1955, Dumond 2006).

McGhee (1970) was the first to connect the development of Thule culture
to climatic changes. Whereas the Neoglacial (4700–2500 BP) possibly created
the conditions for the development of a sea ice-edge subsistence specialization
in the south (Crockford 2008), the later Medieval Warm period (1100–800 BP)
brought on warmer conditions. Sea ice retreated and open water conditions
lasted longer, which attracted whales. Because of the warmer conditions the
sea ice in the Bering Strait started to break up seasonally, allowing for whale
migrations into the Chukchi Sea. As this process was shaping up, Thule
culture, and the exploitation of whales developed (Stanford 1976; Crockford
2008). As the sea ice retreated further to the north, Thule people, specialized in
the utilization of this sea ice-edge environment, moved along with the ice and
eventually spread to the Canadian Arctic and Greenland. Crockford (2008)
argues that this migration may not necessarily have taken place on land but,
rather, over water and ice. The use of kayaks and dog sledges along the sea ice-
edge may have facilitated the speedy migration.

The expansion of Thule into Southwest Alaska was different. Here, people
of the maritime and riverine-focused Norton tradition were already present.

6.8. Profiles of pottery from the Alaska Peninsula, Brooks River: (Norton): (a) Smelt Creek;
(b) Brooks River Weir and Falls phases; (Thule): (c) Brooks River Camp phase; (d) Pavik phase.
(Reproduced from: Dumond (2005) figure 28, courtesy of Dr. Don Dumond)
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The Thule influence in Southwest Alaska may well have included an influx of
new people but there is no clear evidence of a substantial population replace-
ment. Nevertheless, the shift from Norton to Thule culture is clearly defined
in the archaeological record and evidently occurred quite rapidly (Dumond
and Bland 2006; Dumond 2011). On the Alaska Peninsula continuity is
evident, though some changes are notable as well. The Thule period, locally
referred to as the Naknek period, was subdivided by Dumond (1981) into two
phases: the Brooks River Camp phase and the Brooks River Bluffs phase.
During the BR Camp phase, starting around 850 BP, the use of polished slate
intensified and pottery gradually changed. At first, the temper changed from
organic to gravel and only after that did the shape of the pots change
(Figure 6.8c-d). Thule pottery was crude, tempered with pebbles or gravel
and thick walled. In many aspects it seems inferior to the earlier Norton
pottery. Why Norton pottery was replaced by Thule pottery remains
unknown. Could this have had to do with changes in subsistence strategies
and subsequent function? Jordan and Zvelebil (2009: 53) point out that fiber-
tempered pottery is more susceptible to damage from direct heating than
gravel-tempered pottery, and mention the possibility of the use of the former
for stone boiling while the latter was better suited for direct heating. What
change in subsistence and cooking practices could have led to such a change?

The Classic Thule of the Canadian Arctic took maritime subsistence practices
to a new level with a greater emphasis on hunting migrating whales. In South-
west Alaska the focus on whaling did not vary much from the earlier times of the
Norton period. It was not until 800–600 BP that large whaling villages started
appearing along the coast. Additionally, at this time interior settlements also
expanded (Whitridge 1999). Subsistence in the interior was mainly focused on
salmon and caribou. Other additions to the diet were bird, beaver and bear, and
seasonally, the Pacific coast was visited for the hunt of various marine mammals.
Pottery was generally confined to the coastal areas (Dumond 1984).

Around the beginning of the Little Ice Age (AD 1300/650 BP) a large
volcanic eruption covered the Alaska Peninsula in a thick layer of ash. This
event possibly caused the abandonment of the region for a short period of
time. From 480 BP, the Naknek region was reoccupied, marking the begin-
ning of the Brooks River Bluffs phase. Pottery became less abundant and
changes in form to a broader type with flat bottoms and thinner, more erect
sides (Figure 6.8d) were seen. Various clues point to a close relation with
Kodiak from this period onwards, among them the use of the Alutiiq language
and the practice of incising beach cobbles, and eventually the adoption of
pottery in Southwest Kodiak. People still relied on a combination of terrestrial
and aquatic species, which was similar in the Yukon-Kuskokwim Delta.
Ultimately caribou remained the most important subsistence resource. The
animals provided meat, hides, sinew, fat, bone and antler for food, as well as
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the production of tools (Whitridge 2001).
Salmon fishing was important during late
summer to early fall when large quan-
tities of salmon migrated up the rivers.
A new addition to the diet on the penin-
sula was beluga whale, as evidenced at
the Leader Creek site (Dumond 2003).
An isotope study of human hair from the
Nunalleq site near the Kuskokwim River
around 650/570 cal BP showed evidence
of a mixed diet (Britton et al. 2013).
Maritime resources were still important
in the diet, but it was mixed with terres-
trial meat and/or lower trophic level fish
(e.g., salmon). Whitridge (2001) states
that people in Southwest Alaska were
“so reliant on fish, including large marine
fishes and several species of salmon, that
their economies bear little resemblance
to those conventionally associated with
Eskimo peoples” (p. 18).

Thule Pottery: Shape
and Technology

Thule pottery, or “egan” in Yup’ik language, is typically thick walled, coarse
gravel or pebble tempered and poorly fired (Figure 6.9) (Stanford 1976,
Dumond 1984). Various types of Thule pottery were defined by Oswalt
(1955), including Seward striated, Yukon line-dot, Yukon lined in the north,
and Hooper Bay Shell striated and Hooper Bay zigzagged further to the south.
The distinction between these types is generally based on variations in decor-
ation, technology (e.g., temper, thickness) and shape. The function and
manufacture of pottery remains poorly understood, although some recent
studies have focused on performance and manufacture (Frink and Harry
2008; Harry and Frink 2009; Harry et al. 2009). The role of pottery in wider
food processing remains unclear. Thule pottery is substantially different from
Norton. It is crude, thick walled and coarse, and at first sight seems poorly
made. Pottery vessels usually have flat bottoms with straight to lightly flaring
walls, and are generally small in size with diameters varying from 10 to 30 cm.
This shape is poorly suited for general cooking methods because it is easily
affected by thermal shock. Temper is usually sand or stream rolled pebbles
sometimes as large as 10 mm in diameter. This leads to fragile vessels that
crumble easily and fall apart in irregular breaks. However, the mineral temper

6.9. Thule pottery collected along the Kuskokwim
River in the late 1800s. (Reproduced from Gordon
1906: PL. XXIII, courtesy of Penn Museum)
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does make the pottery more resistant to direct heating. In order to make the
pottery waterproof, oil may have been mixed in with the clay, and vessels
could have been coated with oil before firing and afterwards at regular
intervals. There is also mention of the addition of bear’s blood to the clay
paste (De Laguna 1939; Murdoch 1892). Thule pottery seems poorly suited for
cooking, nevertheless it was used for it (Frink and Harry 2008).

Frink and Harry (2008) investigated methods of manufacture as well as the
use of Thule pottery by looking at archaeological data, ethnohistorical reports
and current indigenous knowledge. They found that Thule pottery was
primarily manufactured using “slab construction” where the walls of the pot
were built up vertically upon a slab of clay forming the base. This allowed the
pot to be constructed without the necessity of intervals for drying, as may be
necessary when walls are constructed by coiling. The Arctic environment was
a limiting factor for the possibilities and timing of pottery manufacture.
Circumstances were often too cold and damp to successfully dry and fire
pottery, which affected quality (Frink and Harry 2008).

Ethnographic sources tell us that parboiling through direct heating, rather
than stone boiling, was the preferred cooking technique in late prehistoric
times. Sources indicate that fully cooked meat lacks flavor, leading to a
preference for meat that was only partially cooked. As the meat only needed
to be parboiled for a moment, it could be cooked successively in one con-
tainer, making large cooking containers unnecessary. This method of cooking
preserved nutrients, such as vitamin C, which is of major importance in the
diet of Arctic people. It also limited fuel use and cooking time (Frink and
Harry 2008). Harry and Frink (2009) stress that just because food was con-
sumed raw that does not mean that Thule food preparation was not culinary
sophisticated. On the contrary, the method of storing food by fermentation,
drying or freezing and subsequent defrosting and preparation, plays a signifi-
cant role in the taste and texture of a meal and therefore determines its quality
(Starks 2007). As stated by Harry and Frink (2009: 335), there is a “biological
and cultural desire for a diversity of tastes and textures” which possibly led to
the use of ceramic pots in cooking and storing practices.

Recently, Solazzo and Erhardt (2007) as well as Farrell et al. (2014) specified
that Thule pottery at specific sites was used exclusively for marine foodstuffs.
However, this occurred in the context of a wider subsistence pattern where
marine resources were not exclusive, as was evidenced by Britton et al. (2013).
Could it be that Thule pottery was exclusively used for the processing of
marine resources while other foodstuffs were processed differently? Anderson
et al. (2017) showed that this was not the case at the Cape Krusenstern site
complex. Organic residue and compound specific isotope results from both
Norton and Thule pottery showed that freshwater aquatic species were the
dominant resources processed in the pottery at this site.
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The Koniag of Kodiak Island
The Thule tradition had a significant impact on the technologies used by
populations in Southwest Alaska. On Kodiak Island, however, pottery was not
adopted until around 500 BP (Clark 1966a; Clark 1998; Dumond 2000; Dixon
2014), despite the fact that the island’s inhabitants probably knew of the
technology through contact with people outside of the archipelago. The earliest
archaeological evidence of an established human presence on the Kodiak Archi-
pelago dates to approximately 7000 BP and is termed the Ocean Bay I and II
cultures, succeeded by the early and late Kachemak. Both cultures had a strong
reliance on marine resources (Clark 1998) and the Ocean Bay I people are
thought to have been the origin of later cultures in the Aleutian Islands
(Dumond 1977). Thule influence reached Kodiak around 1000 to 800 BP and
things changed. Drastic stylistic as well as technological changes marked the
dawn of the Koniag tradition. The transition from Kachemak to Koniag and the
origin of the changes that accompanied that transition remains the subject of
discussion (Dumond and Scott 1991; Knecht 1995; Fitzhugh 1996; Clark 1998;
Steffian and Saltonstall 2009). Was the rise of Koniag culture the result of an in-
situ development on the island or was it the result of contact with (or even a
migration of ) people living on the nearby Alaska Peninsula? Similarities between
the two regions are striking. Changes include the use of large, multiple room
houses, the use of sweat baths, petroglyph art, possible mummification and a
sudden abandonment of bone needles (Clark 1998). One of the most striking
changes was the adoption of pottery in the southwestern part of Kodiak Island.

The rich environmental setting of Kodiak Island led to an almost exclusively
maritime focus of the island’s inhabitants. To the east lies the East Aleutian
Trench, dropping down 6 km. Due to upwelling, currents bring minerals and
nutrients to the surface. The area forms one of the world’s most productive
ecosystems. Marine mammals such as whales, seals, sea lions, porpoise and sea
otters are abundant, as are various species of fish (Knecht 1995). To the people of
the Koniag tradition, salmon fishing was of great importance. During the period
of late spring to late summer, salmon migrates up the streams and rivers of the
Kodiak Archipelago to spawn. Here they were harvested by the Koniag using
fishing weir technologies and spears (Steffian and Saltonstall 2009). Summer
fishing camps were located upstream in the many rivers, but also near river
mouths where the salmon could easily be intercepted.

Large and more permanent villages were located along the coast where
subsistence was focused not just on fishing but also on the hunt of marine
mammals. Shellfish was also an important resource as evidenced by numerous
midden deposits and even the transport of clams from the coast to upstream
fishing camps (Clark 1998). The Koniag also practiced whaling. They used
long and slender ground slate dart tips that were very different from the
Eskimo harpoons used to hunt whales further to the northwest. Ethnographic
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reports mention that the dart tips were dipped in a poisonous substance derived
from a mix of monkshood and human fat rendered from prominent deceased
whalers. The dart would poison the whale after which it would wash up on
shore within a few days (Lisianski 1814 in Lantis 1938: 452). Whaling was a
specialized practice in Southwest Alaska and whalers had a special status.
During the whaling season they were often separated from the village and
lived in caves. While maritime resources were of superior importance to the
Koniag, there is also evidence of the use of the terrestrial resources of the island
such as foxes, brown bear, roots and berries (Clark 1998).

Pottery is only found in the southwest of the archipelago and the technol-
ogy was apparently not employed in the north (Fitzhugh 1996). Clark (1998)
argues that this may have to do with the migration routes of sea mammals and
salmon runs, and thus emphasizes the importance of pottery in a maritime-
focused subsistence economy. However, maritime subsistence economies were
present all over the island and date to all times, and so the hunt for marine
mammals could not have been the only reason for the limited distribution of
pottery on the island. Saltonstall (personal communication, 2016) suggests that
the limited occurrence of pottery may be connected to differences between
the north and south Alutiiq dialect. Dumond and Scott (1991) touch upon the
possibility of a migration of people from the Ugashik River area on the Alaska
Peninsula towards Southwest Kodiak, where they might have introduced
ceramic vessel technology.

Various historical ethnographic sources mention the use of clay vessels by the
inhabitants of Kodiak (Lisianski 1814; Zolotarev 1938; Hrdlička 1944; Heizer
1949) or the knowledge of use in the past (Holmberg 1856). Some interesting
remarks are noted regarding the preparation and consumption of food, such as
that some things are eaten raw but “other food is cooked in earthen pots,”
similar to the Aleutian Islands (Lisianski, 1814: 74). The account of Khvostof
and Davydov (1810–1812: 104, cited in Heizer 1949: 48) in which they describe
the rendering of marine mammal fat to oil is in line with archaeological theories:
“from clay they make saucers in which they melt whale fat”. Lamps were used
to burn sea mammal oil for light, not for cooking, which was done on fires
fueled with wood (Fitzhugh 1996). Heizer (1949) described Kodiak pottery as
“an excellent technological product,” while at first sight one might judge it to
be “crude and technologically poor” (p. 49). It is made using the paddle and
anvil technique, well fired with a hard surface and coarsely tempered using
crushed slate, granite or pebbles sometimes as large as 15 mm; organic temper is
absent. The shape of vessels varies but pots are generally large. De Laguna (1939)
mentions a cylindrical shape with a pronounced shoulder and Clark (1966b: 160)
describes a vessel shape with a “flat-bottomed inverted conical lower half and
cylindrical, sometimes slightly concave or tapered, upper wall” (Figure 6.10).
Both flat and rounded bottoms are described in the literature.
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THE “EXTINCTION” OF THE

CERAMIC CONTAINER TRADITION

The arrival of Russians and Europeans
lead to the end of pottery use in the
Arctic. Eventually rival container tech-
nologies such as metal pots replaced all
functional pottery in Alaska. This process
differed between regions. In the Can-
adian Arctic, the Classic Thule culture
had already abandoned the use of pottery
by approximately 1000 BP and instead
started using soapstone bowls. The
absence of clay due to the geological
location of the Canadian Shield must
have been an important factor, just like
the increased mobility during the wide-
spread Thule migration towards the east.
Over time, soapstone bowl technology
was brought back west, to Alaska, and

has a relatively late occurrence north of the Kotzebue Sound (Morrison
1991). This led to the decline of pottery use in the north, but for a while the
two technologies coexisted. During the contact period the metal pot was
introduced to the people of Alaska. These vessels were more durable and less
fragile. Only a few groups maintained the use of ceramic pots and only for
ceremonial practices (Arnold and Stimmell 1983). The use of ceramic oil lamps
persisted in Southwest Alaska until well into the twentieth century. However,
pottery use declined sharply from the late eighteenth century on and was
generally abandoned in the entire region by the mid-nineteenth century
(Frink 2009).

CONTAINER EVOLUTION: INVESTIGATING PATTERNS

IN TIME AND SPACE

The current state of knowledge discussed here has provided a general frame-
work for the investigation of the evolution of container technologies in
Southwest Alaska and enables the proposition of patterns throughout time
and space. What drove the processes that lead to these patterns? The oldest
vessels in Southwest Alaska are the stone bowls from the Aleutian Islands (8000
BP). These vessels are not well studied and their function remains unclear. The
bowls may have been used for cooking or for the rendering of marine
mammal fats into oil for burning in stone lamps. Stone bowls were mainly

6.10. A typical Koniag pot. (Adapted from: Clark,
1966: figure 7, courtesy of the University of
Wisconsin Press)
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in use during the Margaret Bay phase and were abandoned after 2000 BP.
Griddle stones become more numerous in the archaeological record from
6000 BP onwards and may have been the rival technology that eventually
replaced stone bowl technology. Despite their apparent knowledge of the
technology (Johnson 2004), conventional pottery was never used by the
Unangan people of the Aleutian Islands.

Pottery first appeared in Alaska near the Bering Strait with the maritime
focused Norton (Choris) tradition around 3000 BP. By 2500 BP pottery was
used in most of the coastal areas of mainland Alaska. Very little is known about
the function of Norton pottery because research has mainly focused on shape,
technology and decoration. Thule pottery, on the other hand, has received
more attention. Whereas Norton was thin walled, fiber tempered and well fired,
Thule was the opposite, thick, coarsely tempered and poorly fired. Why the
well-made Norton pottery was replaced by the fragile and coarser Thule pottery
is a question that has puzzled researchers for decades. The reasons are still poorly
understood, although they are likely wrapped up in a larger process of cultural
change brought on by the onset of Thule around 1000 BP. Frink and Harry
(2008) argue that both time management and the environment were important
factors that determined the quality of Thule pottery. However, Norton pottery
was manufactured and used under very similar circumstances. Therefore, this
cannot solely explain the low quality of Thule pottery. A functional difference
may offer a better explanation for the differences between Norton and Thule
pottery. It is possible that these pottery types were used for two different kinds of
cooking, i.e., Norton may have been more suitable to stone boiling while Thule
pottery, with its porous qualities, was better suited for direct heating.

The adoption of pottery by the Koniag tradition of Kodiak Island testifies to
the far-reaching influence of the Thule tradition. The presence of certain
artifacts, e.g., incised pebbles, on both Kodiak and the Alaska Peninsula,
strongly suggest the possibility of contact between the two regions. This may
have led to the adoption of pottery in the southern part of Kodiak. However,
the incised pebbles seem to have been a Kodiak phenomenon that was adopted
by people living on the Alaska Peninsula. Most pottery-bearing sites on
Kodiak Island lack large quantities of incised pebbles with only a few per site,
while sites lacking pottery on Northwest Kodiak yielded hundreds. Another
interesting pattern is the lack of spruce root baskets on sites with pottery and
vice versa. However, sites containing spruce root baskets are very limited
and so this pattern may be coincidental (Patrick Saltonstall, personal
communication, 2016). Clark (1998) suggests a possible connection between
the limited occurrence of pottery on Kodiak Island and migration routes of
marine mammals. This indicates a difference in subsistence, which led to the
adoption of pottery in one place and not in another. However, subsistence
strategies throughout the island appear to have been uniform and so it seems
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that it was mainly the material culture of the Koniag tradition that was not
uniform. The implications of these differences remain unclear.

Nonetheless, salmon fishing and the hunt for marine mammals were the
most important subsistence strategies for all the pottery bearing traditions of
Southwest Alaska. Sites of the Norton, Thule and Koniag traditions are
confined to coastal areas and rarely found in the interior. This brings us back
to one of the initial questions proposed in this chapter: What is the connection
between the occurrence of durable container technologies such as pottery and
stone bowls and a subsistence strategy specialized on maritime resources? A few
studies using organic residue analysis have shown that pottery in Alaska was
exclusively used to process aquatic resources (Solazzo and Erhardt 2007; Farrell
et al. 2014a; Anderson et al. 2017). Only Anderson et al. (2017) employed the
use of compound specific isotopes to further differentiate the results and
showed the processing of freshwater organisms in pottery. Other evidence
has indicated that the diet was not exclusively aquatic but mixed with terres-
trial resources such as caribou and riverine resources such as salmon (Britton
et al. 2013). This indicates a very specific role for pottery in the wider context
of resource processing. The implications of this connection between maritime
subsistence economies and the adoption of pottery remains largely unclear but
can now be tested through the wider employment of bioarchaeological
techniques such as organic residue analysis.

UNDERSTANDING FUNCTION: AREAS FOR FUTURE RESEARCH

Identifying the precise function of container technologies in these marine-
oriented traditions is vital to answering key questions concerning the origin
and evolution of vessels in Southwest Alaska, the Subarctic and beyond. In this
chapter, some questions have been addressed and some have been raised. The
main questions raised are 1) What was the function of durable container
technologies in Southwest Alaska? 2) What made these vessels so important
that people were willing to invest in them so extensively? And finally, 3) What
is the nature of the proposed relationship between the adoption of pottery and
the increased reliance on marine resources?

Future research is an absolute necessity for the understanding of function,
patterns and the wider evolution of the various container technologies over
time and space. As early as 1940, De Laguna (1940: 53) stressed the importance
of understanding vessel function and shape in order to study the origin and
development of Arctic and Subarctic container technologies. In general, the
function of all the vessel types discussed in this chapter remains largely unclear.
Previous research mainly focused on shape, technology and decoration. This is
a major research gap. Of all vessel types, Thule pottery is best understood, a
result of various recent studies (e.g., experimental, bioarchaeological,
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ethnographic) that yielded interesting results about manufacture, performance
and function (Solazzo and Erhardt 2007; Solazzo et al. 2008; Harry et al. 2009;
Harry and Frink 2009; Farrell et al. 2014; Anderson et al. 2017). With these
studies, and the advance of new research technologies, the first steps have been
taken into a research direction that may prove to be very fruitful for filling in
the gaps in contemporary knowledge of container technology function and
evolution in Southwest Alaska and beyond. Filling in these gaps will lead to
answers to specific questions raised in this chapter, such as: Did griddle stones
functionally replace stone bowls? Why was Norton pottery replaced by Thule
pottery? And why did pottery only occur in the southwestern part of Kodiak
Island? It may also lead to a wider understanding of the larger process of the
adoption of pottery in the research area. What were the driving forces for the
initial adoption of pottery in Southwest Alaska? Did other durable container
technologies such as stone bowls play a role in this process?

Many vessels in the study area have food residues left on their interiors. With
the use of bioarchaeological techniques, and by analyzing lipids, isotopes and
even proteins, the origin of these residues may be determined. Small scale
studies using such techniques were undertaken by Farrell et al. (2014), Solazzo
and Erhardt (2007), Solazzo et al. (2008), Jeanotte et al. (2012) and Anderson
et al. (2017), and yielded very promising results. A systematic study of residues
is the next step in researching the evolution of vessel function in this region.
Container technologies played an important role in the everyday lives of
prehistoric people in Southwest Alaska, otherwise they would not have
invested in them so extensively. In the extreme environment of Subarctic
Alaska decision-making processes are of great importance. Well-thought-out
strategies are necessary for successfully getting through periods of scarcity
during the long and cold winter months. Learning more about the role of
container technologies and how they fit into the wider process of converting
resources into food and fuel will help us better understand the choices
and strategies deployed by maritime-oriented prehistoric peoples living in
Southwest Alaska, but also in other extreme environments across the circum-
polar North.
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NOTE

1 All dates are uncalibrated radiocarbon years before present unless indicated otherwise.
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CHAPTER 3 

Methodology:  

Organic residue analysis and the identification of lipid biomarkers in pottery 

Introduction 

The research questions raised in the introduction concern the reasons for pottery adoption and 

dispersal in Alaska. They align with wider debates in archaeology that are aimed at 

understanding cooking traditions and the role durable containers play in those traditions. The 

identification of the function of pottery, but also other (rival) container technologies in the 

region, is vital to understanding those driving forces. Organic (lipid) residue analysis can be 

used for the identification of prehistoric vessel contents, which is directly connected to vessel 

function. What were people cooking, and what not? Did pottery have a specialized function 

or was it used in a more generalized way? Answering such questions has shown to provide 

new and interesting interpretations of pottery use throughout the prehistory of the Old World 

(Colonese et al., 2017; Craig et al., 2013; Dunne et al., 2012; Lucquin et al., 2016b, 2018; 

Outram et al., 2009), as well as the New World (Anderson et al., 2017; Colonese et al., 2014; 

Farrell et al., 2014; Taché and Craig, 2015), and has led to a greater understanding of 

prehistoric societies in general (Jordan and Gibbs, 2019; Jordan and Zvelebil, 2009).  

The exploitation of aquatic resources is a well-known and well-recorded practice in Alaskan 

prehistory (e.g., Dumond 1998; 2016; Clark 1975; Fitzhugh 2016). In recent years the use 

of ceramic containers for the processing of marine and freshwater products in Alaska has 

been evidenced through the application of organic residue analysis (Farrell et al. 2014; 

Anderson et al. 2017). Indeed, the expectations for this research were to find similar signals 

of aquatic products in the pottery of the Southwest Alaskan Norton, Thule and Koniag 
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ceramic traditions. In this chapter the identification of such aquatic products by organic 

residue analysis will be discussed in detail. Furthermore, a short introduction into the 

principles of organic residue analysis, and the history of the method, will be provided. 

History of the Method 

A profound interest in the study of organic residues such as lipids, proteins and DNA has 

been present in the archaeological discipline for nearly a century. While a lack of suitable 

methodologies for the analysis of organic residues slowed down the progress of the 

biomolecular archaeological field, the possibilities of the analysis of small organic residues in 

archaeology was acknowledged as early as the 1930s (von Stokar, 1938). Especially the 

presence of ancient DNA (aDNA) in archaeological specimens such as Egyptian mummies, 

received considerable attention in the 1980s when such aDNA was first recovered (Pääbo, 

1985). The study of lipids in archaeological residues from ceramic vessels was shaped in the 

early years by Richard P Evershed (Evershed, 1993; 2008; Evershed et al., 1990; 1994; 1999; 

2008ab) who brought the field of biomolecular archaeology to a new level.  

Today, bioarchaeological methods are a fundamental part of archaeological studies, 

and methods are tested and refined continuously. Determining ancient pottery vessel 

contents through lipid residue analysis allows to elaborate on big research topics such 

as the first adoption and evolution of pottery (e.g., Craig et al., 2013), the introduction of 

farming and pastoralism (e.g., Craig et al., 2005; Dudd and Evershed, 1998; Dunne et 

al., 2012; 2019; Heron et al., 2015), and, of main concern to this research, the processing of 

aquatic resources in pottery by pre-agricultural hunter-gatherer groups (e.g., Gibbs et al., 

2017; Anderson et al., 2017; Craig et al., 2013; Farrell et al., 2014; Horiuchi et al., 2015; 

Lucquin et al., 2018).  
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Application of the method is, however, not restricted to pottery but can also be applied to 

other artefacts (i.e. objects and tools) in archaeology that contain organic residues. In fact, 

clues about the processing of aquatic resources by prehistoric humans in Alaska have 

been evidenced at several occasions: on stone vessels such as bowls (Admiraal et al., 

2019), and lamps (Solazzo and Erhardt, 2007). But also at ‘first Americans’ sites of great 

antiquity (ca. 15.000 cal BP) in the Tanana Valley, where the soil of hearth features has 

been tested for residues. Results of such pioneering work are promising (Choy et al., 

2016; Crass et al., 2011; Kedrowski et al., 2009). The analysis of soil in activity areas of 

archaeological sites is very much upcoming (Buonasera et al., 2015). Studies such as these 

may push the evidence of the use of aquatic resources back in time, far beyond the pottery 

horizon. Moreover, it can also contribute to a wider understanding of (sub)Arctic culinary 

practices in contexts where pottery is present by comparing different technologies (e.g., 

other container technologies vs. pottery), or even roasting (i.e., evidence from hearth 

features) vs. pottery.  

The principles of organic residue analysis 

During the cooking and processing of food or other organic commodities, residues get 

deposited on the surface of the pottery vessel as carbonized surface deposits (i.e. foodcrusts), 

and get absorbed into the porous ceramic walls of the pot. Entrapped in these organic 

(foodcrust), and mineral (ceramic) matrixes, they are protected from many 

degradation processes (e.g., microbial, water leaching, etc.), and can persist for 

thousands of years. Organic residues may refer to carbon-based substances sticking to the 

surface of pottery in the form of carbonized crusts, or absorbed into the porous pottery 

walls. Organic residues on pottery can originate from cooking, storing or manufacture 

of the ceramic vessel. The definition of “organic residues” encompasses a wide range of 

amorphous (i.e. dependent on chemical analysis for interpretation) organic remains that 
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includes ancient DNA, proteins and carbohydrates, here the focus is on lipids (Heron and 

Evershed, 1993).  

Lipids 

Lipids are hydrophobic organic molecules and compounds that occur widely in 

living organisms in the form of fats, oils, waxes, resins and steroids. They are mainly 

composed of carbon, hydrogen and oxygen, and their arrangement around the carbon core 

can be either linear, branched or cyclic (Heron and Evershed, 1993). The hydrophobic (i.e., 

water repelling) property of lipids is due to this structure and increases the chances of 

preservation of these molecules in the archaeological record as it makes them less soluble in 

water. This makes this biomolecule an attractive subject of study in biomolecular 

archaeology (Evershed, 1993). The term “lipids” encompasses several major molecule 

varieties: triacylglycerols (TAGs), fatty acids, wax esters, sterols, n-alkanes and n-alkanols, 

and terpenes.  

Triacylglycerols, or TAGs, are the main constituents of animal fats and plant oils and are 

important and efficient energy stores (Brown and Brown, 2011). TAGs are made up of 

three fatty acid chains that are bound (esterified) to a glycerol backbone (fig. 3.2). Fatty 

acids are straight hydrocarbon chains with a carboxyl group at the end. The carbon atoms 

in a fatty acid chain may be connected by single bonds (i.e. saturated), or double 

bonds (i.e. unsaturated) (Gunstone, 2009). Naturally occurring fatty acids generally have 

even numbered carbon length, of which chain length 14-22 is most common, palmitic (C16) 

and stearic acid (C18) are the most common fatty acids.  

Fatty acids rarely occur free in nature. They are generally part of larger compounds such 

as  TAGs and wax esters. Bonds such as the ester bond between the TAG glycerol backbone 

and the fatty acids are fragile, and are therefore prone to degradation. When the ester 
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breaks, the fatty acid “tails” are released, forming free fatty acids. These free fatty acids can 

vary in carbon length and their characteristics may inform on the original source of the TAGs 

(Evershed, 2008). In some cases, when hydrolysis is incomplete this may also lead to the 

formation of monoacylglycerols (MAGs), with only one fatty acid chain remaining attached 

to the glycerol backbone; and diacylglycerols (DAGs), with two fatty acid chains remaining. 

These degradation markers are rare because of the fast rate of the degradation process once it 

is initiated (Dudd et al., 1998).    

Figure 3.1: structure of a triacylglycerol showing a glycerol backbone and three fatty acid chains. 

Sterols are minor components of plants and animals, and are sometimes difficult to identify 

in lipid samples because of their relative low abundance compared to fatty acids. 

Nevertheless, sterols can be used to discriminate between plant and animal sources (Heron 

and Evershed, 1993). Cholesterol is the main sterol in animal fats, including marine 

mammals and fish. Common phytosterols (plants) are stigmasterol, β-sitosterol and 

campesterol. Ergosterol is common in fungi (Gunstone 2009). In general, sterols are more 

resistant to degradation than fatty acids, they are however much less abundant.  

Alkanes have very simple chemical structures which makes them fairly resistant to 

degradation (Heron and Evershed, 1993). Alkanes are comprised of an unsaturated straight 

hydrocarbon chain (n-alkanes, n stands for “normal”), or a hydrocarbon structure in cyclic 
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structure (aromatic). n-alkanes, of odd numbered carbon length, are degradation products of 

beeswax and plant waxes that are produced by hydrolyzation of the wax ester. Similarly, 

linear alcohols, or n-alkanols, are comprised of a straight chain with a hydroxyl functional 

group (OH) at the terminus. These compounds are found in tissues, and are also often part of 

wax esters. 

Waxes often fulfill protective functions for example in the leaves of plants, or the skin, fur or 

feathers of animals and/or humans (e.g., wool wax, beeswax) (Berg et al., 2012; Brown and 

Brown, 2011; Evershed, 1993). Wax esters comprise of a fatty acid chain bound by an ester 

bond to a long-chain alcohol (n-alkanol), sugar, or sterol (fig. 3.3). Hydrolysis of the ester 

bond will cause the release of free fatty acids and alcohol chains, as with TAGs (Gunstone, 

2009).  

Terpenes are a very diverse lipid group with over 25.000 different compounds. They occur 

widely in higher plants and can be diagnostic of their origin. They are a major component of 

resins that were widely exploited throughout prehistory, such as pitches, tars and adhesives, 

especially pine, birch and spruce resin (e.g., abietic acid). Terpenes are made up mostly of 

hydrocarbons, making up a five-carbon isoprene building block (C5H8)n (n stands for the 

number of isoprene units in the terpene). They are characterised based on the number of 

isoprene units in the molecule. Di- and triterpenes (20 and 30 carbon atoms respectively) are 

most commonly found in archaeological contexts (Harborne, 1984; Aldred et al., 2009). 

General procedures of lipid residue analysis of ceramics 

The method of organic (lipid) residue analysis uses various protocols to extract the preserved 

lipids from the ceramic pot and subsequently employs gas chromatography - mass 
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spectrometry (“GC-MS”) to identify the individual lipids. Furthermore, bulk isotope analysis 

(elemental analysis-isotope ratio MS “EA-IRMS”) of carbonized surface deposits (often 

referred to as foodcrusts), and compound specific isotope analysis of individual fatty acids 

C16:0 and C18:0 (GC-combustion-IRMS “GC-c-IRMS”) of lipid extracts further specify the 

origin of the archaeological residues (Evershed, 1993; 2008). 

Sampling 

Pottery may be sampled for the presence of ancient lipid residues in two ways, depending on 

the character of preservation. When carbonized surface deposits (i.e. foodcrusts) are 

preserved, these can be collected by scraping them off using a sharp tool such as a scalpel. 

Due to the generally high concentration of lipids in foodcrusts, a sample size of ~20mg is 

usually sufficient for acid extraction (see below). This sampling method is non-destructive 

for the artefact. It is important to note that foodcrusts are in general more prone to 

contamination because of their greater exposure to human handling, as well as to 

contaminants from the burial environment. They are often also not as well preserved as their 

absorbed counterparts, that are better protected by the ceramic matrix (Heron and Craig, 

2015).  

In order to obtain absorbed lipid residues from the ceramic matrix a destructive method of 

sampling is applied, in which the ceramic sherd is drilled into, using a small handheld drill. 

From an area of about 1-2 cm2 (depending on the thickness of the pottery) approximately 1-

2g of ceramic powder is collected for acid extraction (see below). To avoid contamination, 

the top layer (>1 mm) of the ceramic is removed. In general contamination is avoided by 

wearing nitrile gloves during all artefact and sample handling, and all equipment used is 

thoroughly sterilized. 

40



Lipid Extraction Methods 

Solvent extraction 

Lipids may be extracted from the archaeological sample using different methodologies. 

Solvent extraction is a method that uses dichloromethane (DCM) and methanol (2:1) to 

extract lipids. Subsequently BSTFA (N,O-Bis(trimethylsilyl)trifluoroacetamide) is used for 

the silylation of the carboxyl and alcohol groups, this is called derivatisation (Evershed et al., 

1994; Charters et al., 1995). Through derivatization it is possible to analyse less volatile 

molecules in their gaseous state through GC (Rezanka et al., 2016). This method is most 

useful for recognizing molecules deriving from plants (Evershed et al., 1990). However, 

some bound compounds (e.g., diacids, dihydroxy acids) are not extractable using this method 

and a different procedure is necessary to extract these compounds (Hansel et al., 2011).  

Acid extraction 

A newer method using acidified methanol (H2SO4–MeOH) accomplishes this, furthermore it 

requires a smaller sample and has higher lipid yields. Furthermore, it is much less time-

consuming. The downside of the acid extraction method is the loss of compositional 

information, due to the hydrolysis of more complex lipids such as acylglycerols (TAGs, 

DAGs and MAGs) and wax esters (Correa-Ascencio and Evershed, 2014; Craig et al., 2013; 

Papakosta et al., 2015). Acid extraction was chosen as the main extraction method in this 

research (see chapters 4-7) for the reasons stated above. Moreover, one batch of samples (10) 

was extracted by both extraction protocols. The solvent extracted samples yielded very little 

extra information as compared to acid extracts of the same ceramic sherds. Furthermore, 

through the derivatization of the acid extracts we were able to detect dihydroxy acids and 

long-chain alcohols that were not visible in the original acid extracts.   
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Lipid biomarker identification by GC-MS 

After extraction, the lipid extracts are analysed by gas chromatography (GC) and GC-mass 

spectrometry (GC-MS). In short, gas chromatography allows for the separation of the 

complex mixture of various molecules that can be vaporized without causing decomposition. 

The degree of separation depends on the length of the column through which the sample is 

run. Mass spectrometry subsequently identifies those separated molecules by measuring the 

mass to charge ratio of ions (m/z) (Evershed, 1992). The result is a chromatogram with 

various peaks eluting at different retention times. Each peak represents an individual lipid 

molecule or compound. The mass spectrum of those peaks, displaying the different ions, can 

be compared to those of known references, allowing for the identification of diagnostic lipids. 

These diagnostic lipids are referred to as biomarkers. In essence, the biomarker concept 

(Evershed, 1993; 2008), concerns the identification of archaeological organic matter through 

the comparison of compounds (single, or mixtures) present, to contemporary reference 

materials of known plants and animals (Evershed, 1993). However, degradation processes 

often modify the original chemical composition, making the comparison to modern 

references more complicated. Below a variety of biomarkers is discussed with a particular 

focus on aquatic biomarkers. 

Aquatic Biomarkers 

Of great importance to (sub)Arctic residue analysis research is the knowledge of aquatic 

biomarkers. Due to the excellent preservation in the High North the value of organic residues 

was recognized early on. The first analysis of archaeological residues from a prehistoric site 

in Arctic Alaska was published in 1984 by (Morgan et al. 1984). A midden deposit at the 

Washout (Thule) site on Hershell Island was sampled, extracted by hexane, and subsequently 

analyzed by GC. Morgan et al. (1984) aimed to identify individual species by comparing the 
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extracted 1,000 year-old fats to modern reference values on the basis of fatty acid 

distributions. Additionally, conclusions were based on the absence of certain unsaturated 

fatty acids. For example, the absence of C22:1 was taken to mean fish made no significant 

contribution to the sample, in contrast to several species of seal. In fact, mono- and 

polyunsaturated fatty acids are abundant in all aquatic species. And importantly, the absence 

of evidence is not evidence of absence. Unsaturated fatty acids are more prone to degradation 

than their saturated counterparts due to the presence of double bonds. This could have led to 

their absence in the sample. 

While this was an interesting early study of a promising material, the extraction method, the 

assumption that the materials were not severely degraded (despite the mention of freeze thaw 

processes, disregarding the concept of mixing, and an incomplete knowledge of lipid 

degradation, led to a possible misinterpretation of the material. While it is indeed highly 

likely that these particular samples were rich in aquatic oils, or even marine mammal oils, as 

suggested by Morgan et al. (1984), it would not have been possible to determine this with the 

methods used. In order to extract the compounds of interest, to determine the presence of 

aquatic lipids, a stronger extractant is needed. Today, the use of acid extraction (as 

described above) greatly enhances lipid recoveries, including free and bound lipids (Correa-

Ascencio and Evershed 2014; Papakosta et al. 2015; Craig et al. 2013). Furthermore, 

even today, without isotope analysis it is not possible to distinguish between species 

within the aquatic spectrum. 

Over the years we have come to learn a great deal more about these topics and the 

characterization of aquatic fats and oils (Hansel et al. 2004; Evershed et al. 2008; Hansel and 

Evershed 2009; Lucquin et al. 2016). Many studies over the last decade have demonstrated 
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the use of pottery for the processing of aquatic resources (Anderson et al., 2017; Farrell et al., 

2014; Gibbs et al., 2017; Lucquin et al., 2018; Oras et al., 2017). There are several 

biomarkers to securely identify the presence of aquatic organisms in a lipid sample (Cramp 

and Evershed, 2014; Heron and Craig, 2015).  

General aquatic lipid profiles of aquatic fats and oils (fig. 3.2) include mid-chain saturated 

fatty acids with palmitic acid C16:0 and stearic acid C18:0 as the main compounds,where 

palmitic acid is usually the dominant fatty acid. Monounsaturated fatty acids (C16:1, C18:1, 

C20:1, C22:1) are abundant in these profiles, as are dicarboxylic acids (diacids) (C8-11), which 

are oxidation products of the former (Evershed et al., 2008; Regert et al. 1998; Regert 2011). 

Polyunsaturated fatty acids (C20:5, C22:6) are also common components of aquatic oils and 

fats. While the latter are rarely preserved in the archaeological record, they are abundant in 

the original product.  

Figure 3.2: A typical total ion current of an acid/methanol extract of a stone bowl from the Margaret Bay site (UNL48-61b). 

A DB-5ms (5%-phenyl)-methylpolysiloxane column (30 m × 0.250 mm × 0.25 mm; J&W Scientific, Folsom, CA, USA) 

was used for scanning (for details on GC program see Admiraal et al., 2019). The chromatogram shows saturated fatty acids, 

diacids (DC), branched (br), isoprenoid acids (TMTD, pristanic, and phytanic acid), and long-chain unsaturated fatty acids 

(Admiraal et al., 2019).
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The anthropogenic heating of these unsaturated fatty acids produces important diagnostic 

compounds that are not formed naturally, and may therefore not only inform us about the 

prehistoric vessel contents, but also of cooking practices (Hansel et al., 2004; Hansel and 

Evershed, 2009). These anthropogenic markers are referred to as ω-(o-alkylphenyl) alkanoic 

acids or APAAs C18-22, and are formed during the prolonged heating (at a temperature of at 

least 270℃, for >4 hours) of mono- and polyunsaturated fatty acids (e.g., C16:3, C18:3, C20:3, 

C22:3) which occur widely in aquatic organisms (Hansel et al. 2004; Evershed et al. 2008). 

While these fatty acids are also present in plants and terrestrial animals (e.g., Shoda et al., 

2018), those of carbon length 20-22 are only observed in significant quantities in aquatic 

organisms, and thus provide reliable evidence for the processing of these resources using heat 

(Hansel et al., 2004; Cramp and Evershed, 2014). Furthermore, the presence of these 

compounds eliminates the possibility of contamination from aquatic fatty substances, that 

may possibly be present in the burial environment, as it is highly unlikely that such fats were 

heated. 

Figure 3.3: Partial summed mass chromatogram (m/z 105) showing ω-(o-alkylphenyl) alkanoic acid distribution in griddle 

stone sample AMK3-1030 run on DB-23 using the AQUASIM method. *, C16; +, C18; #, C20; °, C22 (see Admiraal et al. 

2019 chapter 5 for information about the run).
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Isoprenoid acids (see fig. 3.2) (4,8,12,-trimethyltridecanoic acid (4,8,12,-TMTD); 2,6,10,14-

tetramethylpentadecanoic acid (pristanic acid); and 3,7,11,15- tetramethylhexadecanoic acid 

(phytanic acid)), are synthesized from phytol, a component of chlorophyll, which occurs 

widely in aquatic animals (Ackman and Hooper, 1968; Evershed et al., 2008; Cramp and 

Evershed, 2014). While phytanic acid is most abundant in aquatic animals, it is also present 

in ruminants, but in much lower quantities. Recent research by Lucquin et al. (2016a) has 

demonstrated significant differences in the ratio of the two diastereomers of phytanic acid 

(SRR:SSR) between ruminant animals and aquatic species. While the SRR% of phytanic acid 

diastereomers originating in modern references samples of aquatic animals is generally high 

(the majority plots between 70 and 90%), those of ruminant animals yield very different 

values (generally between 50 and 65%). This is a good means to discriminate between 

sources of this compound (Lucquin et al., 2016a).  

As said, oxidation products of unsaturated fatty acids, such as dicarboxylic acids (or diacids), 

and mono- and dihydroxy acids are abundant in aquatic lipid profiles (Regert et al. 1998). 

Dihydroxy acids are oxidative degradation products of Z-monounsaturated alkenoic acids, 

and are also useful biomarkers (C16-22) for the detection of aquatic products (fig. 3.4). The 

monounsaturated fatty acids from which they derive are distinctive due to the position of the 

double bond on the hydrocarbon chain (indicated by “n-”). The location of the hydroxyl 

group (OH) in the dihydroxy acid marks this location as it existed on the precursor fatty acid 

prior to oxidation. The position of this double bond can inform on the origin of the fatty acid, 

for example C20:1, a major component of marine oils (Heron et al. 2010). There are some 

specific dihydroxy acids that are likely to originate from aquatic products, such as 9,10-

dihydroxypalmitic acid (C16:1), 9,10-dihydroxyarachidic acid (C20:1), and 11,12-
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dihydroxydocosanoic (C22:1) acid (Hansel et al., 2011; Hansel and Evershed, 2009; Heron et 

al., 2010). 

Figure 3.4: Characteristic ions of various dihydroxy acids (Hansel et al., 2011). 

Terrestrial animal products 

Cholesterol is a well-known compound that widely occurs in animals, and has many 

derivatives. Nonetheless, it is not abundantly present in archaeological pottery, possibly due 

to its sensitivity to degradation during heating (Evershed, 1993). Animal fats are very rich in 

fats, consisting mostly of triacylglycerols (TAGs) (fig. 3.1). It is possible to discriminate 

between ruminant (cattle, sheep, goat), non-ruminant (porcine, equine) and dairy fats, by 

examining the distribution profiles of TAGs (Dudd et al., 1999; Regert, 2011). In short, 

ruminants and milk products have a broad TAG distribution (C42/44-54 for ruminants 

bovine/ovine, C28-54 for fresh milk, and C40-54 for degraded milk products), while non-

ruminants have a more narrow distribution (C44-54, with low C44-46) (Regert, 2011). 

Furthermore, by looking at the fatty acid composition of TAGs Miraboud and colleagues 

(2007) were able to distinguish adipose fats and milk products, as well as discriminate cow 

and goat milk fats. Dairy products may also be recognized by their abundance of short-chain 

fatty acids (C4-12). These compounds are however very prone to degradation. 
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While the presence of ketones (2-alkanones) is often described as deriving from plant 

epicuticular waxes, these compounds have also been shown to be the by-products of heating 

(>300°C) fatty acids and TAGs (Evershed et al., 1995; Raven et al., 1997). The mid-chain 

iso-ketones 14-heptacosanone and 18-pentatriacontanone particularly may derive from these 

sources, however, interpretation of these compounds should be done with caution. Due to the 

hydrolysis of TAGs, free fatty acids are plenty in samples containing animal adipose fats, 

and MAGs and DAGs may occur. The main constituents are palmitic acid (C16:0) and stearic 

acid (C18:0) (Evershed, 1993; Dudd et al., 1998). Unsaturated fatty acids, such as C18:1 also 

occur. However, as said, unsaturated fatty acids are easily degraded resulting in the presence 

of diacids, and mono- and dihydroxy acids (Hansel et al., 2011; Copley et al., 2005; Regert, 

2011). 

Plant Biomarkers 

Plant oils are, like most lipids, mainly comprised of TAGs (Evershed, 1993). However, their 

fatty acid derivatives are of little diagnostic value. Generally n-alkanes (C21-C37), or n-

alkanols (C22-C34) attest to the presence of plant remains. Long-chain wax esters of even 

carbon number are also common in plants but are also often degraded (Cramp et al., 2011). 

Sterols are important biomarkers for the presence of plants, even though their identification 

does not provide any species specific information. The main identified phytosterols are 

stigmasterol, β-sitosterol and campesterol. However, β-sitosterol is also known to occur in 

shellfish (Steele et al., 2010). Benzoic acid is also known to occur in many plants.  

There are several biomarkers that allow a higher resolution in the identification of plant 

species, such as several terpenes. Triterpenes α- and β-amyrin occur widely in plants and 
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possess anti-inflammatory properties (Holanda Pinto et al., 2008), as does Betulin which is 

common in birch (Charters et al., 1993). Friedelan-3-one (M+426) is present in oak (Sicker et 

al., 2019). The triterpene miliacin is one of a few species-specific biomarkers for cereal 

products (Heron et al., 2016). It is a biomarker for broomcorn millet, a small grain and 

important crop in Asia and Africa (Tafuri et al., 2009). Levoglucosan is a sugar-derived 

compound, which is a marker for the pyrolysis of carbohydrates such as starch and cellulose 

(Shoda et al., 2018). Long chain 2-alkanones, also known as ketones, are also known 

indicators of the processing of plant resources. Certain iso-ketones can provide diagnostic 

information, such as 15-nonacosanone (C29) which is found in the plant epicuticular waxes of 

Brassicaceae (e.g., cabbage, broccoli, kale, turnip); and 16-hentriacontanone (C31) which 

derives from Allium porrum (leek) (Evershed et al., 1991, Heron and Evershed, 1993).  

Mono- and dihydroxy acids may form from unsaturated fatty acids in plants (Hansel and 

Evershed, 2009; Hansel et al, 2011), as well as dicarboxylic acids (or diacids) (Regert et al., 

1998). Several specific plant oils may be determined by the presence of mono- and dihydroxy 

acids that were formed from monounsaturated fatty acids (Cramp and Evershed, 2014). For 

example, the presence of 13,14-dihydroxy C22:0, 11,12-dihydroxy C20:0 and 15,16-dihydroxy 

C24:0 can identify Brassicaceae oils deriving from the abundantly present unsaturated fatty 

acids C22:1, C20:1, and C24:1 (Copley et al., 2005; Regert et al., 1998). It is important to note 

that lipid concentrations in plants are low, especially when compared to animal fats. This may 

lead to an underrepresentation of the contribution of plant to the sample in the case of mixing 

of plant resources with more lipid-rich resources such as aquatic oils. 
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Resins, tars, pitches and woodsmoke 

Several compounds may indicate the burning of wood. Such compounds are often found in 

pottery samples, possible indicators for the firing process of the pot, or cooking practices on 

open wood fires. These include benzene polycarboxylic acids (BPCAs) which are 

degradation products of polycyclic aromatic hydrocarbons (PAHs) that may also be 

identified in samples. These compounds are often formed during combustion of organic 

matter. Lower temperature fires produce low molecular weight PAHs such as anthracene 

(Abdel-Shafy and Mansour, 2016), which are abundantly present in samples from Southwest 

Alaska (see Admiraal et al., 2019b). PAHs and BPCAs may also be indicative of the 

charring temperature of the adhering carbonized surface residues on the ceramic, however 

this needs further research. 

Abietic acid is a triterpene that is the primary component of coniferous (Pinaceae) resin 

(Brown and Brown, 2011). The presence of the abietic acid derivative retene is evidence for 

the heating of coniferous resin, which may be the result of burning wood (during firing 

or cooking), but it could also indicate the processing of the resin itself (Simoneit et al., 

2000). However, the association of retene with ancient marine sediments (Naihuang et 

al., 1995) demands caution for the interpretation of the compound, when not 

accompanied by other abietic acid derivatives. Other common derivatives of 

abietic acid are methyl-dehydroabietic acid and 7-oxo-dehydroabietic acid 

(Modugno et al., 2006). These triterpenes are the primary component of coniferous 

(pine) resins. Together with birch bark tar, coniferous resins are the most common plant 

resins identified in archaeological samples. Resins may have been used for their sealing 

properties in the waterproofing of pottery, or for their adhesive properties in pottery 

maintenance (Evershed, 1993; Oras et al., 2017; Simoneit et al., 2000). 
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Another interesting product recognisable in lipid samples is beeswax. Beeswax preserves 

exceptionally well in the archaeological record (Heron et al., 1994; 2015; Roffet-

Salque et al., 2015; Regert, 2017). Furthermore, it leaves behind a clear molecular 

signature that is easily recognized (Tulloch and Hoffman, 1972; Tulloch, 1973). It 

is composed of n-alkanes (odd-numbered C21-33), long-chain palmitate esters (C40-52) and 

fatty acids (even-numbered C22-34) (Regert et al., 2003). However, due to 

degradation the compounds of lowest molecular weight are often lost (Regert et al., 2001). 

Isotope analysis 

Identifying the prehistoric contents of pottery with the use of biomarkers alone has its 

limitations. Therefore, in organic residue analysis, the biomarker concept is often combined 

with the analysis of stable carbon and nitrogen isotope ratios. The isotopes that are measured 

are 12C, 13C, 14N and 15N. This allows to further differentiate between sources, as carbon and 

nitrogen isotopes are directly linked to the species biosynthesis and routing in different 

organisms (Regert, 2011). The use of stable isotope analysis allows to differentiate between 

several categories of products: e.g., C3 and C4 plants, ruminants, non-ruminants, dairy 

products, porcine, equine, marine species (mammals and fish), anadromous fish and 

freshwater fish. These distinctions are based on reference values of both modern and 

archaeological origin. These values may be extracted from bone or tissue (Colonese et al., 

2015). This makes it a very helpful tool in the identification of prehistoric pottery contents. 

Without going into much detail concerning the principles of the methods, the use of isotope 

analysis will be shortly explained here.  
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Bulk isotope analysis 

Stable isotope analysis is applied in two different methodologies in organic residue analysis. 

To gain a general understanding of the character and preservation of the organic residue bulk 

isotope analysis is applied to the carbonized crusts adhering to the pottery. The values of δ13C 

and δ15N are measured in bulk by elemental analysis – isotope ratio mass spectrometry (EA-

IRMS). Nitrogen values increase with trophic level of the species and are especially enriched 

in aquatic environments (fig. 3.5). Carbon nitrogen atomic ratios can inform on the 

contribution of proteins against other biomolecules. For instance, high C:N ratios usually 

indicate higher lipid content, indicating oily substances. For example, rendered oil (of either 

animal or plant origin) would have fairly high C:N ratio values, while cooking dishes that 

contain animal tissues would lead to lower C:N ratios as they have high protein levels. 

(Admiraal et al., 2019). Moreover, plants are generally low on proteins, but are enriched in 

carbohydrates (e.g., cellulose, starch), leading to higher C:N ratios (Bondetti et al., 2019).  

Figure 3.5: Carbon nitrogen reference bulk values of archaeological and modern references. To the left boxplots show δ15N 

reference data from (Admiraal et al., 2018; Britton et al., 2013; Byers et al., 2011; Coltrain et al., 2016, 2004; Misarti et al., 

2009; West and France, 2015). The middle graph shows C:N ratio values of Arctic oil lamps from northern Europe (Heron et 

al., 2013; Oras et al., 2017; Piezonka et al., 2016), against what has been interpreted as cooking pots from Sakhalin Island, 

NE Asia (Gibbs et al., 2017). To the right are general reference ranges roughly plotted on a basic carbon nitrogen graph.  

52



It is important to state that bulk isotope analysis, as the name indicates, produces mean values 

of the entire complex mixture of compounds that is contained within the residue, which may 

include both lipids and proteins (Evershed, 2009; Hastorf and DeNiro, 1985; Regert, 2011). 

This makes it a rather blunt tool that is nowadays mainly used to gain an initial general 

understanding of the residue. 

Compound specific isotope analysis 

In contrast to bulk isotope analysis, compound specific isotope analysis targets specific 

molecules in the lipid extract, and measures their 13C/12C ratio. This is achieved by gas 

chromatography-combustion-isotope ratio mass spectrometry (GC-c-IRMS). This method 

allows to identify the source of individual molecules in the lipid extract (fig. 3.4), allowing 

for much preciser identifications of a wide array of components. It was first applied to 

archaeological organic residues in the 1990s by Evershed and colleagues (Evershed et al., 

1994; 1997), and since has become a standard method applied in organic residue studies 

(Dudd and Evershed, 1998; Dudd et al., 2003; Craig et al., 2007; Reber and Evershed, 2004). 

The method is generally applied to the most common fatty acids present in lipid extracts, 

namely palmitic acid (C16:0) and stearic acid (C18:0) (fig. 3.6). The earliest studies applying 

GC-c-IRMS in organic residue analysis focused on the distinction between ruminant (cattle, 

sheep, goat) and non-ruminant species (porcine, horse) (e.g., Evershed et al., 1997; Dudd et 

al., 1999). In later years, the detection of dairy became an important subject of study (e.g., 

Dudd and Evershed, 1998; Craig et al., 2000). Another breakthrough in the application of 

GC-c-IRMS in organic residue analysis came with the proposed distinction between marine 

and freshwater species (Craig et al., 2007), which has developed into an important course of 

study, which this research is a part of (e.g., Gibbs et al., 2017; Shoda et al., 2017; Cramp and 
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Evershed, 2014, Taché and Craig, 2015). While compound specific isotope analysis generally 

focuses on the carbon isotope (δ13C), hydrogen isotopes (δD) are also of interest to 

discriminate between marine and terrestrial species. δD values of fatty acids C16:0 and C18:0 

are mainly determined by the environmental water within an animals habitat, but may vary 

due to different digestive systems or trophic levels (Cramp and Evershed, 2014: p.326).  

Figure 3.6: to the left: compound specific isotope reference values of C16:0 and C18:0 fatty acids of modern tissue and bone 

from the Northern Hemisphere plotted in 66,8% confidence ellipses (Choy et al. 2016; Craig et al. 2011; Horiuchi et al. 

2015; Lucquin, Gibbs, et al. 2016; Paakkonen, et al. 2016; Taché and Craig 2015); to the right compound specific isotope 

big data differentiating between non-ruminants, ruminants and dairy fats (Dunne et al., 2018).  

Together, the molecular identification of biomarkers, carbon nitrogen bulk isotope analysis, 

and compound specific isotope analysis allows to 1) discriminate between aquatic and 

terrestrial species; 2) distinguish ruminant from non-ruminant fats; 3) discriminate between 

marine and freshwater species; 4) differentiate between subcutaneous animal fats and dairy 

products; and 5) separate C3 from C4 plants (Cramp and Evershed, 2014; Heron and Craig, 

2015; Regert, 2011). In an Arctic and Subarctic context, the approach is useful especially 

because organic residues are well-preserved in this cold environment, as early-on recognized 
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by Morgan et al. (1984), amongst others. These are great circumstances for the study of 

pottery function (Farrell et al. 2014; Anderson et al. 2017), but also the identification of 

organic residues in ancient soil and hearth features (Buonasera et al. 2015; Choy et al. 2016; 

Kedrowski et al. 2009). Aquatic resource processing has been an integral part of life in 

(sub)Arctic Alaska for thousands of years and organic residue analysis is an excellent tool to 

investigate these practices in more detail.  

Challenges 

By identifying biomarkers and interpreting isotope values of lipid and bulk samples we can 

learn a great deal about pottery vessel function. However, there are several challenges that 

need to be taken into account when interpreting results. 

Contamination 

While great care is taken to avoid contamination during the handling of artefacts, it is 

difficult to completely avoid contamination as it may derive from several sources, including 

from the burial environment, during excavation, storage and subsequently sampling and 

analysis (Evershed, 1993; 2008). Post-excavation contamination from artefact handling (e.g., 

skin lipids), and storing (e.g., plastics) is very common in lipid studies, and luckily easily 

recognizable. However, these contaminants may obscure the visibility of other, more 

interesting, compounds in the sample. Especially phthalate plasticizers, originating from 

plastic storage bags widely used by archaeologists, but also from plastic caps, rubber bulbs on 

pipettes, etc. may be substantial. Lipids originating from human skin may be introduced to 

the sample during artefact handling, the co-occurrence of squalene and cholesterol points to 

this and requires cautious interpretation of cholesterol present in the sample. Squalene is 

unlikely to be preserved from prehistoric times as it is susceptible to degradation (Evershed, 
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1993). To prevent such contamination it is important to store samples in aluminium foil and 

to use (nitrile) gloves while handling the artefacts. 

A bigger threat to interpretations is cross-contamination between samples, as it is hard to 

detect. Therefore, strict rules apply in laboratories to avoid such contamination. Every batch 

of samples contains a blank “control” sample in order to make sure no contamination occurs, 

if it does, it is visible in this sample. Furthermore, critical examination of the results with 

respect to archaeological context is always advisable. Contamination may also occur in the 

burial environment. For this reason, it is desirable to test soil samples associated with the 

archaeological (pottery) samples, where possible (Heron et al., 1991). Bacterial 

contamination from the burial environment, or even from a humid storage environment, is 

hard to detect as it often produces the same compounds as animals and plants do. Therefore, 

biomarkers are chosen with care to exclude such overlap with bacterial lipids (Evershed, 

1993).  

Limitations 

While the method allows for the identification of several species (groups), there are not yet 

biomarkers for everything, and isotope data may vary based on mixing of the original input to 

the sample. With compound specific isotope analysis we are able to distinguish between 

ruminant animals (sheep, cattle, goat), non-ruminant animals (porcine, horse), dairy products, 

and aquatic animal fats (marine, freshwater, and salmonids). However, interpretations must 

be made cautiously as the diet of animals strongly influences the isotope values. For example: 

a brown bear in Alaska might qualify as a non-ruminant animal. However, with a diet of 

salmon its isotope values may be very different from those of wild boar or domesticated pig 
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in other regions, furthermore isotope values will vary greatly with the season for certain 

species (e.g., salmon, bear). 

Of major relevance to this research, are the isotope values of caribou. Caribou are designated 

as wild ruminant animals, but their diet is highly seasonal and consists mostly of lichen for 

part of the year. Lichen have enriched isotope values when compared to other sources of food 

of ruminant animals (e.g., grasses). This may lead to enriched isotope values for caribou in 

comparison to for example cattle, as demonstrated in a few studies (Taché and Craig, 2015; 

Paakkonen et al., 2016 referring to data presented in Paakkonen et al., in press). Paakkonen et 

al. (2016) showed that δ13C values of reindeer may overlap with those of brackish water fish. 

However, δ13C16:0 values seem to be slightly enriched as compared to aquatic (anadromous) 

species used for references in this study (fig. 3.6). Furthermore, the presence of biomarkers 

plays a big role here as it can establish the difference between these sources. Nevertheless, 

caution is demanded when interpreting results and future research is necessary to investigate 

this problem (further discussion in chapter 8). 

The aquatic resource spectrum 

One of the most securely identifiable resources found in pottery using organic residue 

analysis and isotope analysis are aquatic animal fats (Cramp and Evershed, 2014; Heron and 

Craig, 2015; Lucquin et al., 2016b). Biomarkers as described above leave no question about 

the origin of the sample. However, the aquatic spectrum is very broad and incorporates 

freshwater fish, anadromous fish (e.g., species that spend part of their lives in marine waters 

and part in freshwater environments), marine fish, and marine mammals such as seals and 

whales. These resources represent very diverse subsistence practices in the archaeological 

past, and significant economic and social changes can be linked to changes in those 
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subsistence practices (e.g., a transition from individual fishing to collective whaling). 

Therefore, it is vital to distinguish between them.  

Compound specific isotope analysis allows to clearly differentiate between freshwater fish 

and marine species (see fig. 3.6) (Craig et al., 2007). Salmonids are anadromous species who 

spent part of their lives in the ocean, as well as in riverine and lacustrine environments. Their 

isotope values, as a result are located in between the freshwater and marine species. Samples 

do not always plot clearly within the boundaries determined by modern (or archaeological) 

reference samples. Furthermore, those reference values may differ slightly between regions. 

Therefore, it is important to be cautious with interpretations of samples that are plotting in 

regions of overlap. The inclusion of archaeological contextual information in interpretations 

is of great importance here (Evershed, 2008). 

A challenge that is very specific to the Alaskan pottery samples analysed in this research, 

concerns the use of aquatic oils (e.g., marine mammal oil, or fish oil) in the manufacturing 

and maintenance of pottery as has been described by various ethnographic sources (see 

chapter 2). As the main research question concerns the function of Alaskan pottery, such 

practices may obscure the results of our lipid residue analysis substantially. To distinguish the 

possible presence of manufacture-derived lipids in the samples, an experiment was conducted 

successfully. The results of which are presented in chapter 4, in a paper recently published in  

Archaeometry.  

Conclusion: research potentials 

Despite the challenges of the method, organic residue analysis is an effective method to 

address the research questions raised in this PhD thesis. Identification of biomarkers form 
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without a doubt the most reliable method of determining the origin of a sample. While 

isotope values may result from the mixing of various different products, biomarkers can point 

to a specific origin and in some cases may even hold information about anthropogenic 

processes (e.g., heating). By analysing a sample using different methodologies: (i.e. lipid 

analysis, bulk isotope analysis, and compound specific analysis) we are now able to 

determine the origin of a sample with relative certainty. This is especially true of aquatic 

resources, making the method an ideal fit for hunter-fisher-gatherer studies. 

While the differentiation between salmonids and marine species is still somewhat 

challenging, the method has significantly evolved throughout the past decade (Cramp and 

Evershed, 2014; Hansel et al., 2004; Hansel and Evershed, 2009; Lucquin et al., 2016a). As 

the method is constantly evolving, new biomarkers will be discovered in the future and novel 

methodologies may be further developed (e.g., isomer distributions of APAAs, hydrogen 

isotopes). This will allow for a higher resolution of sample analysis. At this moment in time, 

the methods applied to this research are state of the art, and this research has, in synergy with 

other contemporary projects at the BioArCh laboratory of the University of York, contributed 

to the further development of the method. In chapters 4-7 the results of this research are 

presented in separate papers focussing on the different research areas. 
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CHAPTER 4 

Leftovers: the presence of manufacture-derived aquatic lipids in Alaskan pottery 

Admiraal, M., Lucquin, A., Drieu, L., Casale, S., Jordan, P.D., Craig, O.E. 

Published in: Archaeometry (2019) 

https://doi.org/10.1111/arcm.12515
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Lipids preserved within the walls of ancient pottery vessels are routinely analysed to reveal
their original contents. The provenience of aquatic lipids in pottery is generally connected
to vessel function (e.g., for cooking or storing fish, shellfish and aquatic mammals). However,
ethnographic reports from early historic Alaska mention the use of aquatic oils for waterproof-
ing low-fired pottery. Results of lipid residue studies on Alaskan pottery reflect an exclusive
function of pottery to process aquatic resources. However, can one be sure these residues
are the product of vessel function and not a remnant of the manufacturing process? The study
presents the results of an experiment where the preservation of aquatic lipids during the firing
process at different temperatures was measured. It was found that nearly all lipids were re-
moved at firing temperatures of ≥ 400°C. Petrographic analysis of Alaskan pottery samples
indicates that firing temperatures were generally > 550°C but < 800°C. The contribution of
pre-firing manufacture-derived lipids to samples fired at these temperatures may be regarded
as negligible. While the possible presence of aquatic lipids from post-firing surface treatments
cannot be excluded, such treatments appear unnecessary for well-fired pottery.

KEYWORDS: POTTERY, LIPID RESIDUE ANALYSIS, PETROGRAPHY, FIRING
TEMPERATURE, AQUATIC LIPIDS, QUANTIFICATION, ALASKA

INTRODUCTION

The study of lipid residues in archaeological pottery has advanced significantly over the past de-
cade and it has yielded new information about the prehistoric diet and cuisine (Craig et al. 2013;
Lucquin et al. 2016b; Gibbs et al. 2017). Various lipid compounds, such as tars, resins and
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waxes, have also been identified which were clearly used to repair pottery and to waterproof po-
rous vessels, and had nothing to do with food preparation or cuisine (Regert et al. 2003; Regert
2004; Hjulström et al. 2006; Reber and Hart 2008; Stern et al. 2008; Rageot et al. 2019). Other
substances identified through residue analysis are more ambiguous to interpret, and so far there
has been little consideration about whether fats, oils and waxes used in the manufacture of pot-
tery leave a significant residue signal following firing.

In Alaska, the use of organic materials in pottery manufacture is well documented. Materials
such as grass, hair, feathers and even aquatic oils were used as tempering agents in the clay, or
were applied to the surface of the pottery vessel (de Laguna 1940; Frink and Harry 2008; Ander-
son 2019; Admiraal and Knecht 2019). Recent lipid residue analysis has shown that prehistoric
Alaskan pottery was used almost exclusively for processing freshwater or marine (aquatic) ani-
mal fats and oils (Solazzo and Erhardt 2007; Farrell et al. 2014; Anderson et al. 2017). The ubiq-
uity of such aquatic oils is intriguing and has been interpreted to reflect the dominance of
maritime and riverine subsistence economies. However, can we be sure these residues are the
product of culinary practices and not a remnant of the manufacturing process?

A common assumption is that any organic molecules present in the ceramic paste are
destroyed, or thermally altered beyond detection during the firing process, and therefore before
use (Evershed 2008; Berstan et al. 2008). However, this depends on the firing temperature and
the duration of firing, as well as other factors such as the thickness of the pottery and the extent
of the organic inclusion. It is thought that relatively high temperatures (> 600°C) are needed to
destroy most organic molecules in clay, reducing them to graphitic carbon or combusted to car-
bon dioxide. An experimental study by Johnson et al. (1988) showed that such leftover carbon,
naturally occurring in clay, still remained in pottery fired at temperatures as high as 800–1000°C.
While such carbon remnants likely have no influence on the lipid profiles discussed here, it com-
plicates the radiocarbon dating of archaeological pottery. Most prehistoric firing temperatures
would not have reached 800–1000°C. An open fire generally reaches between 600 and 900°C,
but with great variability dependent on many circumstances. For instance, a gust of wind can de-
crease local firing temperatures by as much as 200°C (Rye 1981).

Interestingly, Reber et al. (2018) showed that naturally occurring alkyl lipids in clay are re-
moved during firing at > 400°C for 4 h, and concluded, therefore, that any fatty acids identified
are associated with pottery use or post-firing treatments. While this study greatly enhances our
knowledge of the preservation and removal of lipids during firing, it does not consider the addi-
tion of (large amounts of) organic temper during manufacture. Large amounts of organics present
in the clay may not be entirely removed under the same circumstances. The addition of organic
materials as temper to clay is a well-known phenomenon in archaeological pottery worldwide
(Chard 1958; Rye 1981; Arnold 1988), and is well recorded in ethnographic settings (including
plant temper and hot surface coating). In general, studying these issues will allow one to interpret
organic residues in archaeological ceramics more accurately and will also open up new perspec-
tives for the study of pottery production by ancient societies through organic residue analysis.

In prehistoric Alaska ethnographic sources suggest that large amounts of oily substances may
have been added to the clay, or were applied to vessel walls during manufacture (Frink and Harry
2008). In this study, we specifically aim to explore whether aquatic oils, mixed with clay at high
concentration, and applied as surface treatment, are detectable following firing at various temper-
atures and firing durations. Subsequently, we determined the approximate firing temperature of
archaeological pottery from the Southwest Alaskan Norton, Thule and Koniag traditions, through
petrographic analysis. We then aimed to infer the probable contribution of manufacture-derived
lipids in prehistoric Alaskan pottery.

2 M. Admiraal et al.
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BACKGROUND

The sudden appearance of pottery in the North American Arctic and Subarctic is unexpected and
remains largely unexplained. Pottery is generally restrained to zones of temperate climate where
it can properly dry before being fired at relatively high temperatures (> 800°C). Cold winters in
Alaska constrain pottery production to the short, but warmer, summer season (June–August).
However, even in summer, pottery production is highly influenced by climate, as temperatures
are often unstable. Days can be overcast and rainy, and humidity is high (≤ 85%). This leads
to several problems during the manufacturing process. Wet clays are difficult to work with and
lengthy to dry, which can result in breakage of the vessel during firing due to steam build-up
(Harry et al. 2009a, 2009b; Admiraal and Knecht 2019). Additionally, rainfall and wind during
firing will significantly decrease the firing temperature and pose problems for atmosphere control
(Frink and Harry 2008; Harry et al. 2009b). In contrast to the treeless northern coastal areas,
where fuel in the form of wood was limited to the occasional finds of driftwood, in Southwest
Alaska wood was much more widely available due to the presence of regions with forest cover.

Despite the many challenges facing early Alaskan potters, ceramic technology entered the
New World c.2800 cal BP from Northeast Asia. It quickly spread with the Norton culture along
coastal Alaska, ranging from the Arctic North to the Subarctic Alaska Peninsula in the
Southwest (Fig. 1). Norton pottery actually appears to have been relatively well-fired (> 500°

Figure 1 Alaska, including the Alaska Peninsula and Kodiak Island. [Colour figure can be viewed at wileyonlinelibrary.
com]
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C). It was tempered with organic materials such as grass, hair and feathers (Oswalt 1955). While
still relatively thick-walled, Norton pots have generally thinner walls (< 10mm) than their later
counterparts of the Thule tradition (> 10mm), and appear more refined. Very little research has
been done on Norton ceramic technologies (Oswalt 1955; Dumond 2000, 2016). No research has
been published to date on the manufacturing techniques and function of Norton pottery. In the
modern literature, it is often either overlooked or classified together with the later Thule pottery
as ‘Arctic’ or ‘Alaskan’ pottery. Note that Norton and Thule are in fact two very different pottery
technologies.

With the arrival of the Thule cultural tradition c.1000 cal BP, Norton pottery was replaced
quickly by Thule pottery. Substantial amounts of crude mineral temper in the shape of small peb-
bles, gravel and crushed rock made the thick-walled Thule pots susceptible to breakage. This was
a problem that was further enhanced by the apparently low temperatures at which Thule pots
were fired (Duelks 2015). The transition from Norton to Thule pottery is an enigma, as it seems
that the latter was inferior to the former. Harry et al. (2009a, 2009b) explained the seemingly
poor quality of Thule pottery as technological choice, and the result of environmental circum-
stances and culinary preferences. While this may be the case, it does not explain why people
in the same region were making far superior pottery for a period as long as 1500years before
Thule (Admiraal and Knecht 2019).

Pottery was only adopted on Kodiak Island some 500 years ago by the Koniag tradition. It was
most likely an influence from the Alaska Peninsula, as is visible in similarities among other
artefact groups. While tempered with vast amounts of gravel, crushed slate and other mineral ma-
terials, Koniag pottery differs from Thule pottery of the mainland in several ways. Koniag pots
are much larger than their counterparts on the Alaska Peninsula, and also their shape differs. It
also appears that Koniag pottery is well-fired (de Laguna 1939), while most Thule pottery from
the Alaska Peninsula is described as poorly fired. Pottery was only adopted on the southern half
of Kodiak Island. The reasons for this distribution remain unclear (Knecht 1995; Clark 1998;
Admiraal and Knecht 2019).

Ethnographic information

The growing body of modern literature on Alaskan pottery technology and function is mainly fo-
cused on Thule pottery (Arnold and Stimmell 1983; Frink and Harry 2008; Harry and Frink
2009; Anderson et al. 2017). Furthermore, there is abundant ethnographic information on this
early historic ceramic technology as people were still using ceramic pots during the early contact
period in the area (for an extensive summary, see Anderson 2019).

Aquatic oil and blood as temper

In the ethnographic literature there is repeated mention of the addition of sea mammal oil
(Bogoras 1904, 186; de Laguna 1939, 339; Oswalt 1952, 20; Fienup-Riordan et al. 1975, 14;
Fienup-Riordan 2007, 48), and even sea mammal blood (Geist and Rainey 1936, 129; de Laguna
2000, 128) to the clay paste as a temper (Gordon 1906; de Laguna 1947; Spencer 1959; Fienup-
Riordan et al. 1975). It is also described that aquatic oils and blood were applied to the pottery
walls as a coating both before and after firing. Additionally, Osgood (1940) and de Laguna
(1947) mention a pottery vessel was filled with oil and left to stand so that the oil could permeate
the vessel walls. All these measures seem to have been aimed at waterproofing the porous and
low-fired contact-period pottery.

4 M. Admiraal et al.
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Harry et al. (2009a, 2009b) investigated the manufacturing technologies of unfired pottery and
found that boiling an oily broth in a very porous vessel would plug the pores and make the vessel
waterproof. Additionally, by coating an unfired cooking pot with aquatic oil and blood, they
managed to boil water in the vessel, proving that low-fired, or even unfired, pottery could still
be used. In this experiment, it was also observed that coating leather-hard clay with blood pro-
duced a crusted layer identical to that found on the majority of archaeological sherds from Alaska
(Fig. 2). Producing a charred surface deposit similar to those observed on archaeological pottery
from other regions has proven difficult to achieve experimentally. De Laguna (2000, 119) de-
scribed the formation of the charred black encrustation on the inner surface of the pottery as a
result of repeated greasing of the pottery with fish grease, as was described to her by an elderly
Native woman from Nulato (Yukon, Canada).

Drying and firing

Ethnographic accounts on the drying and firing of contact-period Thule pottery are limited and
practices probably varied throughout time and space. De Laguna (2000, 119) describes how in
the Yukon ‘the vessel was set near the fire and slowly dried, being greased and turned as it dried’.
Nelson (1900, 210) mentions that pottery from the Norton Sound ‘was baked inside and out for
an hour or two in an open fire’; it is also stated that near the Bering Strait more attention was paid

Figure 2 Alaskan pottery sherd. Photo: M. Admiraal; courtesy: University of Oregon Museum of Natural and Cultural
History [Colour figure can be viewed at wileyonlinelibrary.com]
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to firing. Here a fire was built in- and outside the pot which was kept burning as hot as possible
for up to two days (228). Osgood (1940) describes the process of making pottery by the Ingalik
of the Yukon–Kuskokwim River Delta in great detail:

When the pot has been shaped it is moved on its plank about 3 or 4 feet from the fire and
allowed to dry slowly. This takes about two days, the pot being turned from time to time
and tested by tapping with a little stick in order to determine its condition of dryness by
the sound. When the wall of the pot is dry, it is tipped over so the bottom also dries. After
this, a little fire is made inside with shavings to burn off edges of the feathers which roughen
the surface of the pot. When the pot cools again, water is put inside and the pot is placed
beside the fire. To the water some backbones of fish are added and cooked all day long. This
is done in order to give the pot a permanent fishy taste which is very much desired. (p. 147)

It must be kept in mind that these accounts are all from the Yukon–Kuskokwim River area,
and further north. Firing techniques in the forested areas on Kodiak Island and the upper Alaska
Peninsula were probably different from those on the Bering Sea coast further to the north, where
the climate was harsher. Here a general lack of trees made (drift)wood a valuable commodity.
Alternative fuels such as dung and bone may have been used instead, especially in the treeless
north. Additionally, fuel could have been soaked in oil to assist the firing process further (Harry
and Frink 2009; Anderson 2019) For example, ethnographic sources inform on the use of wood
soaked in seal oil for the firing of pottery on the north slope (Spencer 1959, 472) and on St
Lawrence Island (Geist and Rainey 1936, 129). Certainly, the addition of oil would have in-
creased firing temperatures; the extent of this increase is, however, unclear. The appreciation that
reaching high firing temperatures was more complicated in the northern treeless areas of Alaska
also aids in an understanding of the replacement of Norton pottery by Thule pottery in Southwest
Alaska. Dumond (2011) argues that it is very probable that the more brittle, low-fired Thule pot-
tery of the Alaska Peninsula actually originated in the Yukon–Kuskokwim area. This could ex-
plain why Thule pottery was so different from Norton pottery because it was developed in an area
with limited woody fuels. This also illustrates the fact that Norton pottery cannot simply be com-
pared with ethnographic accounts that refer to the later Thule period, and it must be considered as
a separate pottery type.

Firing temperatures of archaeological pottery from Alaska are largely unknown. However,
Duelks (2015) investigated Thule firing temperatures using an experimental method based on
re-firing the archaeological pottery, and the subsequent observation of differences in colorations
of the ceramic. Duelks (2015, 39) concluded that all tested Thule pottery was fired at a minimum
of 500°C and a maximum of 800°C. This suggests that Thule firing temperatures may not always
have been as low as suggested in ethnographic reports. One of only a few statements made on the
firing temperature of Alaskan archaeological pottery is by de Laguna (1939, 334), who describes
Kodiak pottery as ‘well-fired’, but provides no further information. One may argue that very
low-fired pottery would not have survived the wet burial environment (Rye 1981, 111), and as
a result the sherds that did preserve may reflect a selection of the better fired pottery of a wider
initial assemblage.

Little is also known about firing techniques in prehistoric Alaska. At Cape Espenberg, a
shallow dish-like feature from late pre-contact times may have been used for the firing of pottery,
as evidenced by the presence of numerous sherds and charcoal, burned bone and oxidized sand
(Anderson 2019). However, in general, archaeological excavations have rarely yielded evidence
associated with the firing of pottery in Alaska. This limited information, combined with ethno-
graphic information, suggests the firing of pottery took place in open fires. It is also possible that
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pottery was fired in cooking hearths to save fuel. In general, open fires do not reach temperatures
> 1000°C (Rye 1981).

MATERIALS AND METHODS

Firing temperature experiment

For the firing experiment, a total of 15 clay tiles (12× 6×1 cm) were made (three sets of five).
The clay (Sibelco EU K127) for each tile was mixed with a set amount of salmon oil (West Coast
Select Wild Salmon Oil—NPN 8005088). The contribution of salmon oil to each set of tiles was
0.5% and 1.0%, respectively. The surface of the third set was coated with a single layer of salmon
oil, and no oil was mixed into the clay of this set. The tiles were dried for 10 days at room tem-
perature (about 20°C). Subsequently they were fired at different temperatures in an oxidizing en-
vironment using a Naber N100H 380V oven. One tile of each set was fired, wrapped in a single
layer of aluminium foil at a maximum of either 200, 400, 600 or 800°C. The temperature, starting
at room temperature was raised by 100°Ch–1 until the maximum firing temperature was reached.
It was held there for 15min, after which the temperature was lowered again at the same rate. The
total firing duration for tiles fired at 200°C was 4.25 h, at 400°C was 8.25 h, etc. (additional
supporting information Table S1). One tile of each set was left unfired as a reference for the orig-
inal lipid concentrations.

Lipid residue analysis

Samples were obtained by drilling about 5mm into the experimental ceramic tiles and collecting
approximately 1 g of ceramic powder. The surface layer (1mm) of the ceramic was first removed
in order to avoid any contamination. Subsequently lipid residue analysis was performed using an
acidified methanol extraction following established protocols (Craig et al. 2013; Papakosta et al.
2015). Two internal standards (10μL of C34 n-alkane before and 10μL C36 n-alkane after
extraction) were added to all samples before further analysis by gas chromatography-mass spec-
trometry (GC-MS).

The equipment used for GC-MS analysis was an Agilent 7890A series chromatograph at-
tached to an Agilent 5975C Inert XL mass-selective detector with a quadrupole mass analyser
(Agilent Technologies, Cheadle, UK). A splitless injector was kept at 300°C. The GC column
was inserted into the ion source of the MS directly. Helium was used as a carrier gas with a con-
stant flow rate of 3mL min�1. The ionization energy of the MS was 70eV and spectra were ob-
tained by scanning between m/z 50 and 800. A DB-5ms (5%-phenyl)-methylpolysiloxane
column (30m×0.250mm×0.25mm; J&W Scientific, Folsom, CA, USA) was used for scanning.
The temperature was set at 50°C for 2min, then raised by 10°C min�1 until it reached 325°C,
where it was held for 15min. MSD ChemStation software (Agilent Technologies) was used to
calculate lipid concentrations per sample, based on the known amount of internal standard, as
well as for the identification of compounds in the GC-MS chromatograms.

Petrographic analysis of archaeological sherds to establish a firing temperature

Seven ceramic samples from different archaeological sites in Alaska (one Thule, four Norton and
two Koniag sherds) were analysed by petrographic observation (additional supporting informa-
tion Table S2). For the petrographic analysis, we used a polarizing microscope, which employs
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transmitted plane-polarized light (PPL) or cross-polarized light (XP) to observe the mineralogical
composition in order to reconstruct the technological steps carried out to process the clay (Reedy
1994; Quinn 2013). Such observations permit the characterization of the clay matrix, temper ma-
terials added to the clay (e.g., plastic and non-plastic inclusions), surface treatments and firing
temperature. When observed under an optical microscope, the clay matrix may exhibit evidence
to distinguish firing technologies and temperatures reached during the firing process (Quinn
2013). At < 800°C, the clay matrix tends to retain optical activity, while at higher temperatures
the crystals lose their structures, turning into an amorphous glassy and isotropic matrix with
new mineralogical phases (sintering stage). Thus, samples with optically active paste can be
considered as being fired at < 800°C. Additionally some minerals transform colour at specific
temperatures, which may be used as a marker for firing temperatures as well. For instance, at
> 750°C muscovite changes from a colorful shade to a pale brown, while hornblende shifts from
green to brown (Quinn 2013).

Water testing

In order to investigate whether the archaeological pottery was fired at high enough temperatures
to reach a sintering stage, we tested each available sherd (13 Norton, four Thule and 20 Koniag;
additional supporting information Table S3) by placing a small section of it in water. We then
observed whether the ceramic started to disintegrate after being submerged for 1, 3, 6 and 24 h.

Figure 3 Results of the firing experiment. The three coloured data lines refer to the different sets of tiles: blue
triangles = 0.5% oil content; yellow squares = 1% oil content; and red circles = surface coating with oil. The dashed line
indicates the limit of interpretable lipid concentrations (5 μg g�1); data points below this line are viewed as negligible in
archaeological samples [Colour figure can be viewed at wileyonlinelibrary.com]
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RESULTS

Lipid concentrations

The results of the lipid residue analysis show a clear loss of lipids with increasing firing temper-
atures. The three samples that were dried at room temperature without firing showed very high
lipid concentrations ranging from 1 to 2 mgg�1 (Fig. 3). The lipid concentrations dropped signif-
icantly after firing the ceramic tiles for 4 h at a maximum of 200°C, to between 70 and 200 μg
g�1. Around 90% of the lipid content was lost at this stage. After 8 h in the oven with maximum
temperatures reaching 400°C, only small quantities (< 1.4 μgg�1) of fatty acids C16, C18 and
C18:1 remained (Table 1 and Fig. 4). These quantities are below the interpretable limit of 5 μgg�1

(Fig. 3) and may, therefore, be viewed as negligible, especially when compared with lipid con-
centrations found in Alaskan pottery that range from 12 to 3500 μg g�1 (Farrell et al. 2014).

Lipid profiles

The unfired clay tiles all show typical aquatic lipid distributions (Fig. 4, a) with fatty acids rang-
ing from C14 to C26 and abundant unsaturated fatty acids including C20:5 and C22:6, branched

Table 1 Presence of compounds in chromatograms at different temperatures in set 2; other sets yielded comparable
results

Firing
temperature
(°C)

Fatty
acids

Unsaturated
fatty acids Diacids

ω-(o-
Alkylphenyl)
alkanoic
acids

(APAAs)
Isoprenoid

acids Branched
Other

compounds

Unfired C14–
26

C16:1, C18:1,
C20:5, C20:1,
C22:6, C22:1,
C24:1, C26:1

C8–17 – Present Ca15:0,
Ca17:0,
Ca18:0

Alcohol, n-
alkanes, phenol

200 C14–
24

C18:1, C20:1,
C22:1, C24:1

C7–17 C16–22 Present Ca17:0,
Ca18:0

Alcohols, n-
alkanes, phenol,
B3CA

400 C16–
18

C18:1-tr – – – – Phenol,
methylenebis,
benzenamine,
B3CA(2),
B4CA-tr

600 C16–
18

C18:1-tr – – – – Phenol,
methylenebis,
benzenamine,
B4CA-tr

800 C16–
18

– – – – – Phenol,
methylenebis,
benzenamine,
B4CA-tr

B3/4CA, benzene tri/tetra-carboxylic acids; ‘a’ under Branched refers to anteiso; -tr, trace amounts.
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Figure 4 Chromatograms of total lipid extracts of samples 2.1–2.3 showing the lipid profiles in (a) unfired clay and af-
ter firing at (b) 200°C and (c) 400°C. DC, dicarboxylic acid; OH, alkanol; IS, Internal standard n-alkanes C34 and C36
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fatty acids and dicarboxylic acids. All isoprenoid acids—TMTD (4,8,12-trimethyltridecanoic
acid); pristanic acid (2,6,10,14-tetramethylpentadecanoic acid); and phytanic acid (3,7,11,15-
tetramethylhexadecanoic acid)—are present in these samples in high concentrations. Isoprenoid
acids are an established biomarker for the presence of aquatic resources (Evershed et al. 2008;
Cramp and Evershed 2014; Lucquin et al. 2016a). Mid-chain alcohols and n-alkanes are also
present in the unfired samples.

The chromatogram changes after the clay tiles are fired at 200°C for 4 h (Fig. 4, b). Some
(mainly long-chain) compounds are lost. While amounts of dicarboxylic acid increase, alcohols
are reduced in concentration. ω-(o-Alkylphenyl) alkanoic acids (APAAs) of carbon length 16–22
are now detectable in the sample, though weakly. These compounds form during the prolonged
heating of mono- and polyunsaturated fatty acids at ≥ 270°C, and the presence of C18–C22

APAAs is considered to be a biomarker for aquatic resources. The weak appearance of APAAs
in the sample may be explained by the firing temperature not reaching 270°C, which has been
described as a precondition for APAAs to form (Cramp and Evershed 2014). At 400°C (8 h)
hardly any lipids are detectable. Only fatty acids of carbon length 16 and 18 are still observed.
Trace amounts of C18:1 as well as a few other compounds are also present (Table 1). The chro-
matograms of samples fired at 600 and 800°C are nearly identical to samples fired at 400°C
(Fig. 4, c).

Firing temperatures of Alaskan archaeological pottery

In general, the tested Alaskan ceramics (additional supporting information Table S2) show dif-
ferent mineralogical matrixes and manufacturing techniques. Interestingly, the samples show
different firing technologies ranging from oxidizing (UGA1-1008b, UGA1-1009b, KAR1-88,
KK1-19b and UGA2-21b) to reducing atmospheres (KAR31-74b and NAK8-12b). While the
sample was too small to make any significant interpretation on cultural preferences for firing
techniques, it is clear that all Norton pottery (n=4) was fired under oxidizing circumstances,
while the one Thule sherd was fired in a reducing environment. The two Koniag sherds showed
variable firing technologies (additional supporting information Table S2). The clay used for
vessel manufacture went through a sintering process, meaning that firing temperatures reached
were at least 550–600°C for all samples (Rice 1987; Quinn 2013). Earthenware that does not
reach this temperature range will eventually break down when soaked in water (Rice 1987,

Figure 5 Empty voids as observed in the general matrix XP of Norton samples UGA1-1009b (left) and KK1-19b (right),
possibly the result of the evaporation of lipids in clay paste during the firing process. [Colour figure can be viewed at
wileyonlinelibrary.com]
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90–93; Orton and Hughes 2013, 134–135). None of the tested Alaskan archaeological sherds
showed any sign of disintegration after being submerged in water for 1, 3, 6 or 24 h. However,
the ceramic paste of the seven samples tested by petrography yielded a high optical activity,
suggesting the maximum firing temperature was < 800°C. Therefore, results indicate that all
sherds analysed by petrography (n=7) were fired at 550–800°C. All other sherds tested here
(n=37) were fired at temperatures of at least 550°C.

Samples NAK8-12b (Thule) and KAR31-74b (Koniag) yield a very coarse matrix structure in
contrast with the other samples, the dark colour of the matrix may be the result of reducing firing
conditions combined with the presence of organic matter. Norton samples UGA1-1009b and
KK1-19b show a high number of round-shaped voids that may be connected to the addition of
hydrophobic substances (e.g., animal fats and oils) to the clay mass during the manufacturing
process, or the evaporation of gases during the firing process (Fig. 5). Gases can form as a con-
sequence of the presence of organic materials (both solids and liquids) within the clay matrix.
While there is some evidence of solid organic temper in sample UGA1-1009b, many of the voids
in these samples do not show any evidence of carbonaceous plant remains, making it less likely
that the presence of these voids is a consequence of solid organic materials (e.g., grasses, twigs)
burning out. It is more likely that these voids were formed during the evaporation of liquids, such
as oils or fats, during firing. This is, however, a novel idea that needs further experimental testing.

DISCUSSION

Previous studies have investigated the degradation of lipids and carbon, which are naturally oc-
curring in clay, during the firing process. While carbon will remain present in the ceramic up to
very high temperatures (800–1000°C) (Johnson et al. 1988), Reber et al. (2018) showed that the
majority of naturally occurring lipids in clay are thermally degraded to the point that they are no
longer detectable by GC at 400°C. They concluded that pottery fired at > 400°C may be consid-
ered a ‘blank state’, and lipid residue results from such pottery may be interpreted as resulting
from the usage of the ceramic vessel. Our experiment confirms this; however, we stress that
post-firing maintenance activities such as surface treatments may still contribute considerably
to lipid residue results.

The added aquatic lipid concentration in the unfired pottery in our experiment was very high
(1973 μg g�1 in unfired sample 3.1) when compared with naturally occurring lipids in clay, as
reported by Reber et al. (2018) (maximum of 193 μgg�1). Nevertheless, our experiment showed
that even substantial amounts of aquatic lipids mixed into the clay, or applied as a surface coat-
ing, will be lost during the firing process at ≥ 400°C. This is a significant finding, not only for
Alaskan pottery but also in a global hunter–gatherer pottery context as the addition of organic
materials to the clay paste of pottery is a well-known phenomenon among prehistoric cultures
around the world. The results show that even substantial amounts of lipids are removed during
firing at relatively low temperatures (> 400°C). Therefore, while the ethnographic descriptions
of the addition of aquatic products during pottery manufacture are directly related to early his-
toric Thule pottery, the conclusion that such practices would have little effect on lipid concentra-
tions in pottery fired at > 400°C is likely also applicable to Norton, Koniag and even other
archaeological pottery worldwide, depending on the nature of the added organic material.

An important variable that remains to be investigated further is the role of firing duration on
lipid degradation. In our experiment, the firing duration increased significantly with the increase
in temperature. This possibly enhanced the degradation of lipids per firing temperature stage and
may not be reflective of prehistoric Alaskan firing practices, as wasting fuel on lengthy firing
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episodes would have been undesirable, especially in areas where wood is scarce. On the other
hand, short firings (20–30min) with high heating rates (a maximum temperature in 20min), such
as described by Gosselain (1992), also seem improbable considering the Alaskan climate often
does not allow pottery to dry sufficiently before firing. Too high heating rates would significantly
increase the risk of vessel breakage because of thermal stress due to steam build-up in the vessel
walls. This problem may explain the porous nature of Thule pottery, as the porosity allows for the
firing of not sufficiently dried clay pots (Gibson and Woods 1997; Harry et al. 2009b).

While very little is known about firing technologies of Alaskan pottery, it is assumed that fir-
ing generally occurred in an open fire. Open firings display great variety in firing temperatures,
up to 300°C locally. Firing temperatures therefore may vary greatly between vessels and even
within vessels themselves (Gosselain 1992). Petrographic results indicate variability in Alaskan
firing environments, with some reducing and some oxidizing circumstances. Interestingly, all
tested Norton pottery (n=4) showed oxidizing firing circumstances. There were no differences
in firing temperature detected between the three types of pottery.

The discerning ethnographic descriptions of the practice of repeated greasing of pots with oil
and blood after firing remain a valid concern for lipid residue results on pottery from Alaska and
possibly elsewhere in the world, especially when those results indicate a predominant presence of
aquatic lipids (Farrell et al. 2014; Anderson et al. 2017). However, if we assume that the post-
firing surface treatment of pottery with oil and blood was solely for the purpose of waterproofing
the pottery, as described by Harry et al. (2009b), we may investigate whether such treatment was
necessary in the first place. A simple water test showed that all 37 tested ceramic sherds were
fired at temperatures high enough to reach a sintering stage (< 550°C). We argue that the exten-
sive post-firing treatment using aquatic products for the waterproofing of the pottery may have
been unnecessary. Possibly, such practices did not occur for this reason on well-fired pottery.
Osgood (1940, 147) stated that a permanent fishy taste of the pottery was desirable and that it
was for this reason that fish products were extensively boiled in newly made pottery. This sug-
gests the possibility that the coating or greasing of pottery with fish or marine mammal oils
and/or blood was a culinary practice, and might therefore be considered ‘use’ instead of ‘manu-
facture’. We suggest here that it is likely that aquatic lipids on Alaskan pottery sherds originate
from the use of the pottery as a cooking or storage vessel, rather than from the manufacture
and/or maintenance of the pot itself, provided the pottery was fired at temperatures of at least
400°C. However, we acknowledge that the necessity to waterproof pottery not only is based
on firing temperature but also is dependent on the porosity and subsequent permeability of the
ceramic vessel (Rice, 1987). While Alaskan pottery was generally very porous (especially Thule
pottery), the consequences of its permeability remain largely unknown. This needs further inves-
tigation in order to determine the necessity for surface treatments to make the pottery waterproof.

CONCLUSIONS

In this paper we tested whether abundant aquatic lipids added during ceramic manufacturing can
survive the firing process. We found that high concentrations of added aquatic lipids to clay are
removed during firing at 400°C or higher, for 8 h and over. Through petrographic analysis we
showed that all the archaeological pottery from Southwest Alaska tested here, including Norton,
Thule and Koniag pottery, achieved this firing temperature. Therefore, we conclude that the at-
tribution of manufacture-derived lipids to these pottery samples is negligible. While ethnographic
information indicates that surface treatments of pottery with aquatic oils and/or blood was a com-
mon practice in Alaskan early historic ceramic traditions, it must be emphasized that these
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accounts often regard very low-fired, or even unfired, pottery vessels from historic times. Such
vessels probably did not preserve in the archaeological record. All the tested pottery samples
in this study were found to have been fired sufficiently to reach a sintering stage (>550°C). Pos-
sibly this makes post-firing treatments to waterproof the pottery redundant, and the reasons for
these treatments were culinary, rather than practical. However, other factors could influence per-
meability (i.e. porosity) as well, and it should be stated that post-firing treatments are in fact a
complex cultural practice, that may have differed from one vessel to the next. This needs further
experimental work, testing the performance of cooking vessels with and without post-firing treat-
ments, and under various firing circumstances. Nonetheless, we tentatively conclude that lipid
residue results of well-fired Alaskan pottery, may be cautiously interpreted as resulting from ves-
sel use, instead of manufacture. The contribution of aquatic lipids from manufacture or mainte-
nance of the pottery cannot be excluded, but we consider their contribution for purely practical
reasons unlikely for vessels that were fired at temperatures exceeding 550°C.
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Supplementary table 1.   Results of firing experiment   

Sample ID Oil %
Lipid 
concentration 
(μg/g)

Maximum firing 
temperature (°C)

Firing 
duration (h)

1.1 0.50% 943 - -
1.2 0.50% 73 200 4
1.3 0.50% 2.5 400 8
1.4 0.50% 0.5 600 12
1.5 0.50% 1.7 800 16
2.1 1% 1204 - -
2.2 1% 100 200 4
2.3 1% 0.4 400 8
2.4 1% 1.2 600 12
2.5 1% 0.6 800 16
3.1 Surface coating 1973 - -
3.2 Surface coating 199 200 4
3.3 Surface coating 1.1 400 8
3.4 Surface coating 0.4 600 12
3.5 Surface coating 0.9 800 16
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Supplementary table 2.            Petrographic analysis results

Sample ID Site Period
Firing 
circumstances

Firing 
temperature

NAK8-12b Naknek 8 Thule Reducing < 800°C

KAR31-74b (Old) Karluk 31 Koniag Reducing < 800°C

UGA2-21b Ugashik 2 Norton
Oxidizing 
(incomplete)

< 800°C

KK1-19b Kukak site Norton Oxidizing < 800°C
UGA1-1009b Ugashik 1 Norton Oxidizing < 800°C
UGA1-1008b Ugashik 1 Norton Oxidizing < 800°C
KAR1-88 Karluk One Koniag Oxidizing < 800°C
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Supplementary table 3: pottery samples for water test sintering stage 

Sample ID Cat. ID Site Area Culture Collection

NAK3-1 F-3-1 Naknek 3 Alaska Peninsula Norton MNCH Eugene

BR5-5 H-1-1 Brooks River 5 Alaska Peninsula Norton MNCH Eugene

BR5-6 N-8-1 Brooks River 5 Alaska Peninsula Norton MNCH Eugene

BR20c-7 A-4-11 Brooks River 20 Alaska Peninsula Thule MNCH Eugene

BR20c-8 E-1-27 Brooks River 20 Alaska Peninsula Thule MNCH Eugene

BR7-9 HP2-11 Brooks River 7 Alaska Peninsula Norton MNCH Eugene

NAK8-13 A31-7-3 Naknek 8 Alaska Peninsula Thule MNCH Eugene

AK3-16 1-B-1-17 AK3 Alaska Peninsula Norton MNCH Eugene

KK1-17 1964-8 Kukak Alaska Peninsula Norton MNCH Eugene

KK1-18 F.5.74 Kukak Alaska Peninsula Thule MNCH Eugene

UGA2-22 D-3-1 Ugashik River 2 Alaska Peninsula Norton MNCH Eugene

UGA1-24 U-3-13 Ugashik River 1 Alaska Peninsula Norton MNCH Eugene

UGA1-25 P-4-1 Ugashik River 1 Alaska Peninsula Norton MNCH Eugene

XMK30-26 29394 Mink Island Alaska Peninsula Norton NPS Anchorage

XMK30-27 20858 Mink Island Alaska Peninsula Norton NPS Anchorage

DIL161-28 747 DIL-161 Alaska Peninsula Norton NPS Anchorage

DIL161-29 866 DIL-161 Alaska Peninsula Norton NPS Anchorage

KOD83-33 36 Three Saints Bay Kodiak Island Koniag ASC Anchorage
KAR1-63 M798 Karluk 1 Kodiak Island Koniag Alutiiq Museum

KAR187-64 199 Red River Kodiak Island Koniag Alutiiq Museum

KAR232-65 35 Ayakulik Kodiak Island Koniag Alutiiq Museum

XTI96-66 1757 Chirikof Isl 96 Kodiak Island Koniag Alutiiq Museum
XTI96-68 28 Chirikof Isl 96 Kodiak Island Koniag Alutiiq Museum
KAR9-69 268 Olga Lake Kodiak Island Koniag Alutiiq Museum

KOD478-72 640 Old Harbor Kodiak Island Koniag Alutiiq Museum
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Sample ID Cat. ID Site Area Culture Collection

KOD478-73 694 Old Harbor Kodiak Island Koniag Alutiiq Museum

KAR31-77 4665 Old Karluk Kodiak Island Koniag Alutiiq Museum
RB-79 17 Rolling Bay Kodiak Island Koniag Alutiiq Museum
RB-80 53 Rolling Bay Kodiak Island Koniag Alutiiq Museum

KOD450-81 286 Refuge Rock Kodiak Island Koniag Alutiiq Museum

KOD450-83 43 Refuge Rock Kodiak Island Koniag Alutiiq Museum

KOD99-86 423 Younger Kiavak Kodiak Island Koniag Alutiiq Museum
KOD99-87 871 Younger Kiavak Kodiak Island Koniag Alutiiq Museum
KAR1-89 28 Karluk 1 Kodiak Island Koniag Alutiiq Museum
KAR1-90 95:621 Karluk 1 Kodiak Island Koniag Alutiiq Museum
KAR1-91 95:1800 Karluk 1 Kodiak Island Koniag Alutiiq Museum
KAR1-93 94:2731 Karluk 1 Kodiak Island Koniag Alutiiq Museum
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LEFTOVERS
The preservation of  manufacture derived lipids in pottery during the firing process.

M. Admiraal, L. Drieu, A. Lucquin, S. Casale,
M. von Tersch, P.D. Jordan and O.E. Craig

With Lipid residue analysis we aim to identify prehistoric residues on ancient pottery vessels to 
reconstruct the function of the pot. However, organic lipid-rich materials were sometimes used in 
the manufacture of ceramic vessels. It is of great importance to consider this in our interpretation.
  

Research Question:
How can we di�erentiate between use-derived lipids and manufacture-derived lipids?

Results
 

Lipid quantities of the 15 experimentally manufactured clay briquettes showed a clear pattern in 
the degradation of lipids during the �ring process. 

• Non-�red samples showed high lipid content of between1000 and 2000 μg/g.
• These amounts dropped signi�cantly after �ring the briquettes for four hours at a maximum
temperature of 200°C, to between 70 and 200 μg/g.
• After 8 hours in the oven with maximum temperatures reaching 400°C almost all lipids had van-
ished. Just small quantities of fatty acids C16, C18 and C18:1 remained.
• Remaining quantities do not exceed 2,5 μg/g, this is a negligible amount when compared to the
general lipid quantities in Alaskan pottery that range from 15 to 50.000 μg/g.
• Variation is observed in lipid quantities at 400, 600 and 800°C. With in some cases higher lipid
quantities at higher �ring temperatures than at lower ones. It is unclear what caused this. A clean
blank sample for this run rules out contamination.

These results show that the attribution of manufacture-derived aquatic lipids to pottery that was 
�red at >400°C is negligible. To assess the extent of the contribution of manufacture-derived lipids
it is important to securely determine the �ring temperature of the archaeological pottery. In this
project this will be attempted through petrographic analysis, preliminary results indicate all tested
sherds (n=7) were �red at temperatures below 700°C but likely over 500°C. Additionally, a simple
water test may show whether the sintering stage was completed, this in turn can indicate �ring
temperature. Finally, one potential problem remains. Pottery may have been coated with aquatic
oils and blood after �ring. Further research will be needed to address this issue.
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The enigma of Alaskan pottery
Alaskan pottery is an enigma in ceramic studies. The (sub)Arctic environment with its cold winters and damp summers 
poses problems for the manufacture and maintenance of pottery. Nevertheless pottery was introduced to Alaska from 
Northeast Asia some 2800 years ago and spread along its coastlines until it was abandoned during contact times.

Prehistoric Alaska had two main pottery traditions: 

Norton pottery 
 

• 2800 - 1000 cal BP
• relativelty well-�red
• organic temper (grasses, hair, small twigs)
• wall thickness <10 mm

Thule pottery 
 

• 1000 cal BP - contact period
• poorly �red
• coarse mineral temper (gravel, crushed rock, sand)
• wall thickness >10 mm

Ethnographic information 
Historically there were several methods of waterproo�ng (Thule) pottery that was unsu�ciently �red and porous.

• surface treatment of the pottery with marine mammal oil, �sh grease or/and blood
• tempering the clay with aquatic oils and blood
• �lling the �nished vessel with (aquatic) oil and leave to stand until the oil permeates the vessel walls
(de Laguna, 1939; 1947; 2000; Fienup-Riordan, 1975; Gordan, 1906; Spencer, 1959; Bogoras, 1904; Osgood, 1940). 

Waterproo�ng and food crusts 
Harry et al. (2009) showed in experiments that it is possible 
to boil water in an un�red clay vessel that was coated with 
seal oil and blood to make it waterproof. They also showed 
that the distinguishable food crusts that are present on so 
many Alaskan pottery sherds may have been formed as a 
result of this blood/oil coating. Because of these speci�c 
issues in northern ceramic technologies, the question of 
how we can di�erentiate between manufacture-derived and 
use-derived lipids is especially important in the investiga-
tion of lipids in Alaskan pottery. 

In order to test the preservation of 
lipids in clay after �ring we created two 
batches of 5 experimental briquettes of 
clay mixed with salmon oil and one 
batch of 5 briquettes that were surface 
treated with salmon oil. The briquettes 
were �red at di�erent temperatures 
and for di�erent periods of time (see 
table). A sample of approximately 1 
gram was obtained of  each briquette 
for lipid residue analysis using estab-
lished methods (Colonese et al, 2017). 
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Abstract

The earliest durable cooking technologies found in Alaska are stone bowls and griddle stones recovered from the Aleutian
Islands. This article aims to identify the function of these artefacts. Molecular and chemical analyses of carbonised
residues found on their surfaces confirm that these artefacts were used to process marine resources. Both artefacts have
high lipid content and C:N ratios, suggesting they were used to process oily substances. Stable isotope results of
individual lipids suggest that they were used to process different sets of resources within the aquatic spectrum as griddle
stones have slightly more 13C-depleted lipids than stone bowls, possibly indicating more variable use. Integration of these
results with archaeological and ethnographic data leads us to infer that griddle stones were used for cooking a diversity of
aquatic resources, possibly with the addition of plant foods, whereas stone bowls were specifically used to render marine
mammal fats. We further hypothesize that a sudden peak in stone bowl frequencies at 4000–3000 cal yr BP was
connected to a Neoglacial cold spell bringing sea ice conditions to the Aleutian Islands. This may have led to new
subsistence strategies in which the rendering of marine mammal fats played a central role.

Keywords: Durable container technologies; Aleutian Islands; Stone bowls; Griddle stones; Oil rendering; Cooking; Lipid
residue analysis; Compound specific isotopes; Maritime adaptation; Neoglacial

INTRODUCTION

The use of durable container technologies in prehistory has
often been connected to increasingly sedentary lifestyles,
generally linked to agriculture. However, it was not only the
introduction of farming that led people to stay in one place.
Seasonal abundance of aquatic resources in specific parts of
the landscape can also facilitate increasing sedentism (Jordan
and Zvelebil, 2009). The subarctic Aleutian Islands are an
ecological hot spot where early sedentism occurred based on
the year-round abundance of marine resources. Through
exploiting marine mammals and fish, the Aleutian tradition
grew out to become “one of the world’s most highly specia-
lized and successful maritime hunter-gatherer adaptations”
(Corbett and Yarborough, 2016, p. 607). Terrestrial resources
were scarce with only a limited range of plant and terrestrial
animals available. However, birds such as ptarmigan and
waterfowl were abundant. Nevertheless, people focused their
main efforts on the sea.

Heavy stone vessels such as bowls and flat cooking stones
known as griddle stones were a technology central to this sub-
sistence economy. The procurement, manufacture, and main-
tenance of these tools required investment of time and effort
(Jeanotte et al., 2012). However, despite their apparent impor-
tance, the function of these artefacts remains unclear. Carbonised
deposits on griddle stone surfaces, bowl rims, and exteriors hint
at the use of these artefacts as food processing tools using direct
heating methods. Knecht et al. (2001, p. 49) and Knecht and
Davis (2008, p. 73) suggested that stone bowls were used for the
hot rendering of sea mammal oil, one of the most important
commodities in the life of northern peoples. However, this has
never been tested. Little is known regarding the use of griddle
stones, although it has been suggested that they were used for
cooking sea food (Jeanotte et al., 2012).
In this article, we aim to identify the function of stone

bowls and griddle stones. The organic residues preserved on
these artefacts offer the opportunity to identify different
cooking and storage practices. Through organic residue
analysis, we test the hypotheses that (1) these artefacts were
used for the processing of aquatic resources, and (2) stone
bowls and griddle stones may have been used for different
purposes. Building on our finds, our second aim is to explore

* Corresponding author at: Arctic Centre, University of Groningen, Aweg
30, 9718 CW Groningen, The Netherlands. E-mail address: m.admiraal
@rug.nl (M. Admiraal).
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why stone bowl frequencies peak so suddenly and to explore
the role of climate change in the emergence and abundance of
this artefact type.

Culture historical phasing

Humans first arrived in the Aleutian Islands around 9000 cal
yr BP. Their subsistence practice is considered to have been
focused on maritime resources despite the terrestrial
character of their tool kit. Possibly these people were late
Palaeoarctic terrestrial game hunters that came to the
Aleutian Islands using a route across landfast sea ice (Davis
et al., 2016, p. 293). Knecht and Davis (2001) divided the
Anangula tradition into an early stage (9000–7000 cal yr BP)
and a late stage (7000–4000 cal yr BP). It has been argued
that an influx of Ocean Bay I people from Kodiak Island
(Fig. 1) around 7000 cal yr BP further added to the founda-
tion of the specialized maritime adaptation for which the
Unangax̂ people (better known as the Aleut) are known
(Dumond, 1977; Dumond and Bland, 1995). People were
attracted to the region because of an abundance of fish (cod
[Gadus macrocephalus] and halibut [Hippoglossus stenole-
pis]) and sea mammals, such as harbour seals (Phoca vitu-
lina), whales (Cetaceans), porpoises (Phocoenidae), sea
lions (Otariinae), and sea otters (Enhydra lutris), but also a
variety of bird species. The earliest stone bowls (n= 2) and
griddle stones (n= 1) are found in low numbers at a few sites
dating to the Early Anangula phase. They become more
numerous during later phases.
TheMargaret Bay phase (4000–3000 cal yr BP) is a period of

both climatic and cultural change. Based on the faunal assem-
blages of the Margaret Bay (3800–3000 cal yr BP) and Ama-
knak Bridge (3500–2500 cal yr BP) sites, Davis (2001) and
Crockford and Frederick (2007) argue for the presence of sea
ice in the region generated by the onset of the colder sea-surface
temperatures of the Neoglacial. This induced marine

productivity, and new species appeared in the region such as
walrus (Odobenus rosmarus), ringed seal (Pusa hispida), and
polar bear (Ursus maritimus). The new situation presented
challenges and opportunities for the Unangax̂. Subsistence
practices were adapted to the new circumstances and focused
more on ice-boundmarinemammal hunting (Knecht andDavis,
2008). Stone bowls peak during this phase (Table 1) with high
occurrences at the Margaret Bay (n=434) and Amaknak
Bridge (n=71) sites, which suggests the substantial importance
of these artefacts in Aleutian daily life at these sites.
The Amaknak phase of 3000–1000 cal yr BP can be con-

sidered the start of the florescence of the Aleutian tradition
(Davis et al., 2016, p. 286) with a complex and varied tool kit
representing the continuous further development of the long-
establishedmaritime adaptation. Stone bowls seem to go out of
use during this period (Davis et al., 2016, p. 286), whereas the
occurrence of griddle stones increases from this time onwards
(Knecht and Davis, 2003; Jeanotte et al., 2012). These two
technologies are hardly ever found together. Temperatures
fluctuated and possibly influenced the human populations in
the area. Colder temperatures led to increased marine pro-
ductivity, which could have induced cultural expansion as
suggested by Maschner (2016, p. 340). During the Late
Aleutian phase of 1000 to 2000 cal yr BP, tensions rose along
the Pacific coast of southwestern Alaska. Fortified sea stacks
and refuge sites indicate warfare, possibly with the newly
established Koniag tradition of Kodiak Island, but also among
neighbouring Unangax̂ groups (Davis et al., 2016, p. 286).

MATERIALS AND METHODS

Stone bowls

These heavy, nonportable artefacts are made of ground
volcanic tuff and come in different textures and colours.

Figure 1. Map of the Aleutian Islands, Alaska Peninsula, and Kodiak Island with emphasis on site locations mentioned in the text at
Unalaska Island (Amaknak Bridge, Margaret Bay, Oiled Blade, Tanaxtaxak), Umnak Island (Anangula Blade), and Carlisle Island
(Ulyagan).

2 M. Admiraal et al.

https://www.cambridge.org/core/terms. https://doi.org/10.1017/qua.2018.31
Downloaded from https://www.cambridge.org/core. IP address: 143.176.115.204, on 04 Jun 2018 at 09:36:30, subject to the Cambridge Core terms of use, available at

84

https://www.cambridge.org/core/terms
https://doi.org/10.1017/qua.2018.31
https://www.cambridge.org/core


Table 1. Prehistory of the eastern Aleutian Islands: dates, site characteristics, subsistence trends, and climatic influences. Based on the following references: Davis et al. (2016), Hatfield (2010),
Maschner (2016), Mason (2001), Magny and Haas (2004), Knecht and Davis (2008), and Corbett and Yarborough (2016).

Date
(cal yr BP) Phase Sites Relevant artefacts Subsistence Environmental conditions

9000–7000 Early Anangula Anangula Blade site, Russian Spruce
(UNL-115), Oiled Blade/ Uknodok
(UNL-318)

Net sinkers, lamps, stone
bowls (n= 1), griddle
stones (n= 1?)a,b

No faunal preservation. Based on
tool kit, beached-based sea
mammal hunting.c

Catastrophic volcanic eruption at
8000 cal yr BP seals sites with
pyroclastic flow debris.d

7000–4000 Late Anangula Anangula Village, Sandy Beach Bay,
Margaret Bay (UNL-48: levels 4, 5),
Agnes Beach (lower), Airport
(UNL-105), Quarry (UNL469), Cahn site
(UNL-47), Powerhouse (UNL-114)

Harpoons, fishhooks, ulus,
net sinkers, griddle
stonesa,b

Similar to Early Anangula.
Further expansion possible
through more advanced
watercraft. Harpoons indicate
offshore sea mammal hunting.c

Onset of the Neoglacial at the end of
this phase; colder sea-surface
temperatures increase marine
productivity.e

4000–3000 Margaret Bay Amaknak Bridge (UNL-50), Margaret Bay
(UNL-48: levels 2, 3), Tanaxtaxak
(UNL-55: lower), Agnes Beach
(UNL-46: upper), Chaluka (base), Sandy
Dunes, Russel Creek, Hot Springs
Village, ATU-061

Lamps, stone bowls
(n= 505), line weights,
net sinkers, harpoons,
ground slate lances,
griddle stonesa,b

Shell middens, sea-ice adapted
species: ringed/ribbon seal,
walrus, and polar bear. The
basic species (fish, harbour/fur
seal, and sea lion) also remain
important.c,f

Neoglacial influences, sea-ice,
increased marine productivity.
Volcanic activity at
3600–3400 cal yr BP.c

3000–1000 Amaknak Summer Bay (UNL-92), Amaknax
(UNL-54), Chaluka (middle), Zeto point
I, Dozered, Adamagan, Hot Springs,
Korovinski, ATU-003

Net sinkers, lamps, griddle
stones, toggling
harpoons, fishhooksa,b

Numerous net sinkers suggest an
increased importance of fish;
sea mammals were also
exploited.c

3000 cal yr BP: 2m drop in sea
levels.g Fluctuating temperatures
induce fluctuations in marine
productivity.c

1000–200 Late Aleutian Takaxtaxak (UNL-55), Eider Point
(UNL-19), Reese Bay (UNL-63), Morris
Cove (UNL-9), Bishops House
(UNL-59), Chaluka (upper), Zeto point II,
KIS-008, ATU-198

Ulus, griddle stones, stone
bowls (n= 1), lamps, net
sinkers, toggling
harpoons, kayak partsa,b

More focus on sea mammals;
shell middens decline. After
500 cal yr BP salmon fishing
becomes important again, still
also heavy reliance on marine
mammals.c

The Little Ice Age induces increased
marine productivity at around
500 cal yr BP.c

aDavis et al. (2016).
bHatfield (2010).
cMaschner (2016).
dMason (2001).
eMagny and Haas (2004).
fKnecht and Davis (2008).
gCorbett and Yarborough (2016).
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Although no complete specimens have been recovered to
date, (partial) reconstructions show that shapes varied from
oval to rectangular, and sizes range from 12 to 45 cm in
diameter and 3 to 12 cm in depth (Figs. 2 and 3). Bowls are
distinguished from lamps mainly by their relative depth and
base thickness. Where lamps are often shallow with a thick
base, bowls have higher walls with a base that is always
thinner than the walls and which allows for cooking using a
direct heating source. Another distinction is the absence of a
wick in bowls, whereas some lamps have a raised platform
for the wick. Stone bowls occur in large numbers during the
colder Margaret Bay phase (4000–3000 cal yr BP). At the
Margaret Bay site, a total of 434 fragments were recovered,
75% of which dated to around 3300–3100 cal yr BP, the final
phase of occupation. At the Amaknak Bridge site, 71 frag-
ments were found dating towards the very end of the phase
around 2780 cal yr BP. Six fragments were reported from the
base of the Chaluka mound dated 3700 cal yr BP (Denniston,
1966, p. 108). A few fragments (n= 6) were found at the
lower levels of the Tanaxtaxak site, also ascribed to the

Margaret Bay phase based on artefact assemblage (Knecht
and Davis, 2003, p. 45). Stone bowls are scarce outside this
period, though a few older fragments were found at the earlier
levels of Margaret Bay (Knecht et al., 2001) and at the
Anangula Blade site (n= 1) (McCartney and Veltre, 1996)
and the Oiled Blade site (n= 1) on Hog Island at 9000 cal yr
BP (Knecht and Davis, 2001, p. 273). With the abandonment
of the Margaret Bay and Amaknak Bridge sites, stone bowls
also seem to disappear from the Aleutian Islands archae-
ological record (Knecht et al., 2001, p. 49).

Griddle stones

Referred to as “stone frying-pans” by (Jochelson, 1925,
p. 109), the presence of these grease-covered stone slabs goes
back 9000 yr in the Aleutians (Fig. 4b). No complete speci-
mens of griddle stones are known. Like the stone bowls, they
are all fragmented, perhaps fractured during use or purpose-
fully broken after their use-life was completed. Jeanotte et al.
(2012) showed that at the ADK-011 site on Adak Island the
majority of griddle stone raw material was carefully selected
from a source some 5 km away from the site, while a lesser
quality source was also available much closer to site. This
indicates that these artefacts were not just flat stones selected
randomly. Acquiring them would have been costly both in
time and effort.
Despite the importance of these food processing techniques

in the Aleutian subsistence economy, the subject has received
little attention in current archaeological literature. Jeanotte
et al. (2012) were the first to perform analysis on the residues
associated with the griddle stones by using bulk carbon iso-
tope analysis and visible/near-infrared spectrometry but were
not able to offer any specific identifications. Here we aim to
investigate the function of stone bowls and griddle stones
through the structural and isotopic analysis of lipids that are
preserved in the greasy crusts on the artefact surfaces. This
approach has been shown to be highly effective in

Figure 2. (colour online) Example of two different types of stone bowls fashioned out of differing textured volcanic tuff and varying in
size and shape: (a) UNL48-57: red, more crude textured tuff, thick rim, thin base. (b) UNL50-51: sand coloured fine tuff, finely ground
both inside and out. (c) UNL50-51: base with carbonized encrustations. (Photographs by M. Admiraal, courtesy of the Museum of the
Aleutians.)

Figure 3. (colour online) Stone bowl with encrustation on the
interior. Surface find from Eider Point site (UNL-19) probably dating
to the Late Aleutian phase (1000–2000 cal yr BP). (Photograph by
M. Admiraal, courtesy of the Museum of the Aleutians.)

4 M. Admiraal et al.

https://www.cambridge.org/core/terms. https://doi.org/10.1017/qua.2018.31
Downloaded from https://www.cambridge.org/core. IP address: 143.176.115.204, on 04 Jun 2018 at 09:36:30, subject to the Cambridge Core terms of use, available at

86

https://www.cambridge.org/core/terms
https://doi.org/10.1017/qua.2018.31
https://www.cambridge.org/core


distinguishing marine and terrestrial products formed during
the use of archaeological artefacts (Craig et al., 2013; Farrell
et al., 2014; Colonese et al., 2017; Shoda et al., 2017).

Lipid extraction of archaeological food crusts

Twenty charred surface residue samples of approximately
100mg were collected of stone bowls from the Margaret Bay
(n= 11), Amaknak Bridge (n= 8), and Tanaxtaxak (n= 1)
sites. Where available multiple samples were taken to com-
pare interior with exterior residues or base with rim residues.
Most of the bowls, however, only had encrustations on the
exterior. Charred surface deposits were also collected from
eight griddle stones (~100mg). One sample dates to the Early
Anangula phase (9000–8000 cal yr BP) Oiled Blade site,
whereas the other sampled griddle stones were much younger
with two specimens from the Tanaxtaxak site on Unalaska
(around 500 cal yr BP) and five samples from the Ulyagan
site on Carlisle Island, part of the Islands of the Four
Mountains (around 400 cal yr BP). The Tanaxtaxak griddle
stones were sampled on both sides for comparative reasons.
Samples were acquired by scraping off surface residues using
a sterile scalpel and homogenized by grinding the samples to
a fine powder using a mortar and pestle.
Approximately 20mg of the sample was weighed out for

lipid extraction using acidified methanol and following
established protocols (Papakosta et al., 2015; Colonese et al.,
2017). This approach has been extremely efficient in
extracting lipids from carbonised deposits, especially where
intact and partially degraded acyl lipids are unlikely to
survive (Craig et al., 2007; Lucquin et al., 2016b).
One millilitre of methanol was added to the sample, which

was subsequently ultrasonicated for 15min. Then 200 µL of
sulphuric acid (H2SO4) was added, after which the samples
were heated for 4 hours at 70°C. The samples were then
centrifuged at 3000 rpm for 5min. The supernatant was
transferred to a sterile vial and then extracted three times by
adding 2mL of hexane, mixing, separating, and removing the
supernatant. The sample was neutralized by passing through a
pipette with glass wool and potassium carbonate (K2CO3).
Eventually, the extracts were dried under a gentle stream of
nitrogen (N2), and an internal standard (10 µL of C36 alkane)

was added to all samples (lipid quantities ranging from 40 to
8600 µg/g) before further analysis by gas chromatography
(GC), gas chromatography–mass spectrometry (GC-MS), and
gas chromatography–combustion–isotope ratio mass spectro-
metry (GC-c-IRMS). The majority of acid extracts were also
silylated after acid extraction by adding 100 µL of BSTFA
[N,O-bis(trimethylsilyl)trifluoroacetamide] and heating the
sample at 70°C for 60min in order to determine the presence
of dihydroxy acids (Hansel and Evershed, 2009).

Collagen extraction of archaeological bones

A selection of archaeological bonematerial from the Tanaxtaxak,
Margaret Bay, and Summer Bay sites, as well as the Brooks
River area on the Alaska Peninsula, was collected to serve as
collagen reference material for bulk isotope analysis. Species
were as follows: fin whale (Balaenoptera physalus; n=2), por-
poise (n=2), right whale (Eubalaena; n=2), and narwhal/
beluga whale (Monodon monoceros/Delphinapterus leucas;
n=3) (all determined using ZooMS, courtesy of the University
of York); and sea lion (n=2), seal (n=4), sea otter (n=2), eagle
(Haliaeetus leucocephalus; n=1), bear (Ursus; n=2), caribou
(Rangifer tarandus; n=5), anadromous fish (n=2), and marine
fish (n=5). Sampling was done by removing a small section of
mechanically cleaned bone using a sterile Dremel saw.
Collagen of 32 bone samples was extracted using a modified

Longin method (Brown et al., 1988). Samples (200–300mg)
were demineralized using 0.6 M hydrochloric acid (HCl) at 4°
C for several days depending on the sample. Samples were
rinsed with distilled water after demineralization. Then they
were gelatinised with 0.001 M HCl at 80°C for 48 hours after
which the samples were first filtered using polyethylene Ezee
Filters (9mL, pore size 60–90µm; Elkay Laboratories Ltd.).
Subsequently, the samples were ultrafiltered (30 kDa, Amicon
Ultra-4 centrifugal filter units; Millipore, Burlington, MA,
USA). Finally, the samples were frozen and lyophilised.

GC-MS

The equipment used for GC-MS analysis was an Agilent
7890A series chromatograph attached to an Agilent 5975C
Inert XL mass-selective detector with a quadrupole mass

Figure 4. (colour online) (a) UNL55-39 griddle stone with clean centre, Late Aleutian phase. (b) UNL318-47 griddle stone with
encrustations in the centre, Early Anangula phase. (Photographs by M. Admiraal, courtesy of the Museum of the Aleutians.)
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analyser (Agilent Technologies, Cheadle, Cheshire, UK).
A splitless injector was used and kept at 300°C. The GC
column was inserted into the ion source of the mass
spectrometer directly. The carrier gas used was helium with a
constant flow rate of 3mL/min. The ionisation energy of the
MS was 70 eV, and spectra were obtained by scanning
between m/z 50 and 800. A DB-5ms (5%-phenyl)-methyl-
polysiloxane column (30m× 0.250mm× 0.25mm; J&W
Scientific, Folsom, CA, USA) was used for scanning. The
temperature was set at 50°C for 2min, then raised by
10°C/min until it reached 325°C where it was held for 15min.
All extracts were also analysed on a DB-23 (50%-cyanopro-

pyl)-methylpolysiloxane column (60m×0.250mm×0.25mm;
J&WScientific) in simulation (SIM)mode to identify isoprenoid
fatty acids and ω-(o-alkylphenyl) alkanoic acids as aquatic bio-
markers (Cramp and Evershed, 2014) and to resolve the mixture
of phytanic acid diastereomers (Lucquin et al., 2016a). The
temperature was set at 50°C for 2min and then raised by 10°C/
min until it reached 100°C, then raised by 4°C/min to 140°C,
then by 0.5°C/min to 160°C, then by 20°C/min to 250°C where
it was maintained for 10min. The first group of ions (m/z 74, 87,
213, 270) corresponding to 4,8,12-trimethyltridecanoic acid
(TMTD) fragmentation, the second group of ions (m/z 74, 88,
101, 312) corresponding to pristanic acid, the third group of ions
(m/z 74, 101, 171, 326) corresponding to phytanic acid, and the
fourth group of ions (m/z 74, 105, 262, 290, 318, 346) corre-
sponding to ω-(o-alkylphenyl) alkanoic acids of carbon length
C16 to C22 were monitored, respectively. Helium was used as
the carrier gas with a flow rate of 2.4mL/min. The relative
abundance of two diastereomers of phytanic acids was obtained
by the integration of the ion m/z 101.

Bulk isotope analysis: carbon/nitrogen

Thirty-one surface residue samples of which 21 stone bowls,
seven griddle stones, and three lamps, as well as 32 bone col-
lagen samples, were analysed by elemental analysis–isotope
ratio mass spectrometry. The residue samples were ground into
a homogenised powder. The residue and collagen samples were
weighed out in duplicate into tin capsules (~0.9mg). The bulk
stable nitrogen (δ15N) and carbon (δ13C) isotope values were
measured based on previously described methods (Craig et al.,
2007). Precision of instrument on repeated measurement was
±0.2‰ (standard error of the mean), δ13C, δ15N= [(Rsample/
Rstandard − 1)] × 1000, where R= 13C/12C and 15N/14N.
Accuracy was determined by measurements of international
standard reference materials within each analytical run. These
were IAEA 600 δ13Craw= −27.69±0.02, δ13Ctrue= −27.77±
0.04, δ15Nraw=1.49±0.38, δ15Ntrue=1.0±0.2; IAEA
N2 δ15Nraw=20.9±0.33, δ15Ntrue=20.3±0.2; IA Cane,
δ13Craw= −11.76±0.10, δ13Ctrue= −11.64±0.03. Data were
normalised to these international standards. All samples with
% N values below 1% and % C below 10% were excluded.

GC-c-IRMS

Eleven stone bowl and seven griddle stone samples were
measured in duplicate for stable carbon isotope values of

methyl palmitate (C16:0) and methyl stearate (C18:0) derived
from precursor fatty acids by GC-c-IRMS, following the
existing procedure (Craig et al., 2012). The instrument used
for the analysis was a Delta V Advantage isotope ratio mass
spectrometer (Thermo Fisher, Bremen, Germany) linked to a
Trace Ultra gas chromatograph (Thermo Fisher) with a GC
Isolink II interface (Cu/Ni combustion reactor held at 1000°C;
Thermo Fisher) to oxidise all the carbon species to CO2. The
carrier gas used was ultrahigh-purity-grade helium with a flow
rate of 2mL/min, and parallel acquisition of the molecular data
was realised by deriving a small part of the flow to an ISQ
mass spectrometer (Thermo Fisher). Samples were diluted in
hexane, and 1 μL of each sample was injected into a DB-5MS
ultrainert fused-silica column (60m× 0.25mm× 0.25 µm;
J&W Scientific). The temperature was set at 50°C for 0.5 min
and raised by 25°C/min to 175°C, then raised by 8°C/min to
325°C where it was held for 20min. A clear resolution and a
baseline separation of the analysed peaks were achieved.
Eluted products were ionized in the mass spectrometer by
electron impact, and ion intensities of m/z 44, 45, and 46 were
recorded for automatic computing of the 13C/12C ratio of each
peak in the extracts. Computation was made with Isodat
software (version 3.0; Thermo Fisher) and was based on
comparisons with standard reference gas (CO2) of known
isotopic composition that was repeatedly measured. The results
of the analysis were expressed in per mille (‰) relative to an
international standard, Vienna Pee Dee belemnite (VPDB).
The accuracy of the instrument was determined on

n-alkanoic acid ester standards of known isotopic composition
(Indiana standard F8-3). The mean± standard deviation (SD)
values of these were −29.60± 0.21‰ and −23.02± 0.29‰ for
the methyl ester of C16:0 (reported mean value vs. VPDB
−29.90± 0.03‰) and C18:0 (reported mean value vs. VPDB
−23.24± 0.01‰), respectively. Precision was determined on a
laboratory standard mixture injected regularly between samples
(28 measurements). The mean±SD values of n-alkanoic acid
esters were −31.65± 0.27‰ for the methyl ester of C16:0 and
−26.01± 0.26‰ for themethyl ester of C18:0. Each sample was
measured in replicate (average SD is 0.07‰ for C16:0 and
0.13‰ for C18:0). Values were also corrected subsequent to
analysis to account for the methylation of the carboxyl group
that occurs during acid extraction. Corrections were based on
comparisons with a standard mixture of C16:0 and C18:0 fatty
acids of known isotopic composition processed in each batch
under identical conditions.

RESULTS

Lipid preservation

The preservation of organic residues on the artefacts is very
good in general. Both griddle stones and stone bowls
provided high quantities of lipids per sample. Thirty of 33
samples ranged from 400 to 8600 µg/g, indicative of excep-
tional preservation. The griddle stones (n= 8, mean= 4200
µg/g) were richer in lipids than stone bowls (n= 22,
mean= 2477 µg/g). However, the majority of stone bowls
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sampled here are about 1500 years older than the griddle
stones, so this may be the result of degradation. Both of these
artefact types contained a much greater amount of lipids than
commonly found on charred deposits associated with ceramic
cooking pots. For example, the mean lipid concentration
from 14 charred deposits on pottery from the subarctic
Sakhalin Islands extracted under identical conditions was
298 µg/g (Gibbs et al., 2017). Only two stone bowl samples
showed lower lipid preservation with lipid quantities ranging
from 40 to 130 µg/g (Supplementary Table 1). The oldest
stone bowl sample in the Aleutian Islands from the Anangula
Blade site (Quimby, 1945; McCartney and Veltre, 1996)
yielded no lipid biomarker results, and based on the
associated % N value of 0.71, we discarded this sample.

GC-MS analysis

Thirty of 33 samples of both the stone bowls (20 of 23) and the
griddle stones (10 of 10) contained isoprenoid acids: TMTD,
pristanic acid (2,6,10,14-tetramethylpentadecanoic acid), and
phytanic acid (3,7,11,15-tetramethylhexadecanoic acid)
(Figs. 5 and 6), as well as ω-(o-alkylphenyl) alkanoic acids
(APAAs) of carbon length 16 to 22 (Fig. 7). These meet the
established criteria for the identification of aquatic resources in
archaeology (Hansel et al., 2004; Evershed et al., 2008; Hansel
and Evershed, 2009; Lucquin et al., 2016a). Interestingly,
APAAs are only formed during the prolonged heating of tri-
unsaturated fatty acids at a temperature of at least 270°C, and
therefore, the aquatic oils must have been heated on these
artefacts presumably during their processing. These data rule
out the contamination of degraded aquatic oils that may be
present in the soils as these are unlikely to have been heated.
Additionally, the presence of APAAs on these stone artefacts
suggests that formation of these compounds is not necessarily
dependent on the presence of a ceramic matrix as stated by
Evershed et al. (2008, p. 111). To date, no evidence of pottery
has been found in the Aleutian Islands. Isoprenoid acids are
degradation products of phytol, a constituent of chlorophyll,
and occur widely in marine organisms. Phytanic acid also

occurs in the tissues of ruminant animals. The contribution of
SSR:SRR diastereomers of phytanic acid (SSR %) provides a
means to discriminate these sources (Lucquin et al., 2016a). As
expected, because of the lack of ruminants in the area, the data
obtained confirm the aquatic origin of phytanic acid in all the
Aleutian samples as compared with modern references (Fig. 6).
Saturated fatty acids range from C8 to C32 and unsaturated

fatty acids, even numbered from C16:1 to C24:1, with some
extending up to C26:1. All samples contain longer-chain fatty
acids and unsaturated fatty acids with the exception of the
three badly preserved samples. Dicarboxylic acids (or
diacids), most likely degradation products of unsaturated fatty
acids, are also widely present in all samples ranging mostly
from 7 to 15 carbon length (Fig. 5). Experimental work by
Evershed et al. (2008) showed that diacids of carbon length 8
to 11 form during the heating of aquatic oils. Following deri-
vatization of the acid extract with BSTFA, trace amounts of
long-chain n-alkanols (C22–C32) were also present in many of
the samples with an even number of carbon atoms. Because

Figure 5. A typical total ion current of an acid/methanol extract of a stone bowl from the Margaret Bay site (UNL48-61b) showing
saturated fatty acids, diacids (DC), branched (br), isoprenoid acids (4,8,12-trimethyltridecanoic acid [TMTD], pristanic, and phytanic
acid), and long-chain unsaturated fatty acids.

Figure 6. Percentage of SSR diastereomer in total phytanic acid in
Aleutian artefacts compared with modern ruminant and aquatic
resources (Lucquin et al., 2016a, 2016b).
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these were found in trace amounts, there is a possibility they
are derived from the burial environment, as they are a common
lipid component of soils (Van Bergen et al., 1998), derived
from wax compounds in higher plants. However, these com-
pounds were much more abundant in the charred deposits
from several of the griddle stones from the Ulyagan site, along
with the matching distribution of long-chain fatty acids (C22–

C32). In this case, it is conceivable that plant products were
directly processed on these artefacts.

Stable isotope analysis of individual fatty acids

Based on the lipid residue analysis results, integrated with
contextual archaeological information of the materials, it

seems very likely that the tested artefacts were used for the
processing of aquatic resources. But what kind of aquatic
resources were processed? Were the different artefacts used
for different purposes? To further differentiate within the
aquatic spectrum, we analysed stable isotopes of individual
fatty acids C16 and C18 using GC-c-IRMS. This approach
serves as a means to discriminate aquatic animals based on
their habitat (marine, anadromous, and freshwater), with the
marine species relatively enriched in 13C compared with the
others (Fig. 8).
The carbon isotope values show some differences between

the two technological groups (Fig. 8). In general, griddle
stones are more depleted in both δ13C16 and δ13C18 than
stone bowls. Two stone bowls are more depleted than the
others. Of the seven tested griddle stones, five are separated
from the stone bowls, and two have similar fatty acid isotope
values to the stone bowls. One of these is the only excep-
tionally old specimen from the Early Anangula phase (9000–
8000 cal yr BP) site of Oiled Blade (UNL-318). It is unlikely
that the isotopic approach deployed here can be used to
distinguish between marine mammal and marine fish oil
in this case. Although no authentic lipid carbon isotopes
values have been measured from the Aleutian Islands, the
δ13C values of collagen extracted from 17 marine mammals
(mean δ13Ccoll= −14.47± 0.04) and five marine fish
(mean δ13Ccoll= −11.96± 0.03) from southwestern Alaska
(Supplementary Table 2) are similar. More depleted lipid
sources could include salmon (Salmonidae; δ13Ccoll=
−15.44± 0.05) or potentially terrestrial resources including
plants. The latter would be consistent with degraded wax
esters found on the griddle stones. However, we stress that
overall both the stone bowls and griddle stones have strong
marine isotope signatures and aquatic lipid profiles, so any
other products are only a minor component in these residues.

Figure 7. Partial summed mass chromatogram (m/z 105) showing
ω-(o-alkylphenyl) alkanoic acid distribution in griddle stone
sample AMK3-1030 run on DB-23 using the AQUASIM method.
*, C16; +, C18; #, C20; °, C22.

Figure 8. (a) Modern reference samples of anadromous fish (pink triangles), freshwater fish (green diamonds), marine fish (blue circles),
marine mammals (blue squares), and aquatic birds (yellow downward triangles) (Bell et al., 2007; Outram et al., 2009; Craig et al., 2011,
2013; Debono Spiteri, 2012; Cramp et al., 2014; Colonese et al., 2015; Horiuchi et al., 2015; Taché and Craig, 2015; Choy et al., 2016).
(b) Gas chromatography–combustion–isotope ratio mass spectrometry results showing isotopic values of C16:0 and C18:0 fatty acids of
stone bowls (green circles), griddle stones (yellow squares), and one lamp (blue triangle). (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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Bulk δ13C and δ15N isotopes

The δ15N ratios of the carbonised deposits associated with the
stone bowls and griddle stones are generally within the range
expected for marine tissues (i.e., >10‰; Fig. 9). These
values can be tentatively compared with δ15N values of
collagen from associated fauna (fish, marine mammals, and
terrestrial fauna) by assuming that any of the δ15N in the
surface residues are derived from animal tissue protein and
the Δ15Ntissue–collagen = ~ +2‰ (Fernandes et al., 2015).
Interestingly, the range of δ15N values observed in the
carbonised deposits is at the lower end of the marine mammal
and fish range (Supplementary Table 1).
Compared with pottery vessels from the Sakhalin Islands,

which are assumed to have been used for cooking a range of
marine tissues (Gibbs et al., 2017), all the Aleutian
artefacts have higher C:N ratios, indicative of a relatively
higher lipid content. These data are more comparable to the
so-called blubber lamps of the European Mesolithic where it
is thought that marine mammal oil was burned for illumina-
tion (Heron et al., 2013). One caveat to this interpretation is
that extensive microbial degradation or percolation with
groundwater might lead to a preferential loss of protein,
effectively increasing the C:N ratio (Heron and Craig, 2015),
although this would seem less likely given the environment is
so conducive to molecular preservation. The δ13C values in
all but one case are less than −25‰ (Supplementary Table 1),
which are consistent with values reported from pottery
from coastal sites with clear marine lipid signatures
(Craig et al., 2011, 2013).

DISCUSSION

Our main question centred on the specific function of griddle
stones and stone bowls within the Aleutian subsistence
economy. We hypothesized that these artefacts were used to
process aquatic resources but were used in different ways.
The results of this research cautiously support our hypo-
theses. All artefacts with sufficient preservation (n= 30)
show strong evidence for the processing of aquatic resources.
Minor isotopic differences between stone bowls and griddle
stones may indicate a more variable use of the latter.
However, the lipid concentrations and C:N ratios from both
artefacts are consistent with their use for processing aquatic
oils and fats. By integrating the organic residue results with
information of archaeological contexts, ethnography, and
climate, we discuss the possible function and role of these
artefacts placed in a framework of the wider subsistence
strategies of the ancient Unangax̂.

Griddle stone function

Griddle stone charred residues show a clear aquatic signal.
This is visible in the presence of all aquatic biomarkers as
well as in compound specific and bulk isotope results. We
hypothesized that griddle stones had a more general use for
cooking foodstuffs. The residue results are cautiously
supportive of this notion. Interpretation is based on com-
parisons with stone bowls that we assume were used for a
very specific purpose—namely, the rendering of marine oil.
The residues on griddle stones seem to be derived from a
wider diversity of resources. Despite this, aquatic oils still
make up the majority of the sample. Depleted δ13C values
may indicate the contribution of salmon and plant products to
the sample. Furthermore, the presence of n-alkanols on the
Ulyagan griddle stones supports the possibility that plant
products contributed to the otherwise predominantly aquatic
sample. The lower C:N ratio values attest to a higher presence
of proteins possibly caused by the cooking of flesh as
opposed to fats.
Not all griddle stones show the same consistent residue results.

We analysed the earliest griddle stone in the Aleutian Islands, a
partial specimen from the Oiled Blade (UNL-318) site, dating to
the Early Anangula phase at 9000–8000cal yr BP. The com-
pound specific δ13C isotope data and C:N ratio value of this
particular griddle stone are closer to stone bowl values. This
possibly indicates a less diverse use on this ancient griddle stone
as opposed to griddle stones from later periods.
Ethnographic resources are of great value when consider-

ing function because griddle stones were still widely in use
by the Unangax̂ during early contact times. A report by C.I.
Shade describes the traditional Unangan way to prepare cod
soup using a griddle stone: “The traditional method of
making soup was to dig a fire pit and place over it a stone,
flush with the ground. Then a very thin beach stone was
placed on the fire stone and clay walls built on this base. The
liquid was cooked in this. A bluish clay called qudii u was
used for the walls of this vessel which turned white when

Figure 9. Bulk isotope results of stone bowls (green circles),
griddle stones (yellow squares), and lamps (blue triangles)
compared with Sakhalin pottery (open diamonds) (Gibbs et al.,
2017) and European oil lamps (open triangles) (Heron et al., 2013;
Heron and Craig, 2015; Piezonka et al., 2016; Oras et al., 2017)
against archaeological bone collagen data from the Aleutian
Islands and the Alaska Peninsula. The collagen δ15N values were
adjusted by +2‰ to correct for the collagen to tissue offset in
order to make these values more comparable with the food crusts
(Fernandes et al., 2015). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web
version of this article.)
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heated. This kind of fire pit was called unaalu. The same
vessel was used more than once. One way of preparing the
cod soup was with seaweed and seal oil” (as quoted in
Johnson, 2004, p. 52).
This is an interesting notion suggesting griddle stones were

actually also used as containers. It also attests to the use of
marine mammal oil in cooking practices, agreeable with our
findings. No evidence for the use of clay has ever been
detected in the archaeological record of the Aleutians.
However, some griddle stones are clean in the centre and
have a thick edge of greasy and carbonized material around
this clean area (Fig. 4a). This use-wear pattern could repre-
sent the process described previously. Not all griddle stones
show this residue distribution though—some show residues
in the centre (Fig. 4b). This may suggest different methods of
cooking with the use of griddle stones.
Use patterns possibly changed through time with the

earlier griddle stone used for the processing of a single
commodity, whereas griddle stones of the Late Aleutian
phase were probably used to cook dishes of a more diverse
character, although still predominantly aquatic.

Stone bowl function

The charred residues distributed mainly along the rims on both
interior and exterior, but also on the bases of the bowls, seem to
be solely aquatic in origin. The stone bowls have comparable
lipid distribution, C:N ratios, and bulk isotope characteristics to
prehistoric oil lamps fromEurope that were unequivocally used
to burn aquatic oils for fuel (Heron et al., 2013; Heron and
Craig, 2015; Piezonka et al., 2016; Oras et al., 2017).
Aquatic oil played an important role in the lives of

prehistoric and historic peoples of the (sub)Arctic. Not only
was the substance used as a fuel to burn in oil lamps, but it is
also known to be an important part of the Unangax̂ diet
(Unger, 2014) and critical for the storage of various foodstuffs
(Frink and Giordano, 2015). Knecht and Davis (2001, 2008)
have suggested multiple times that stone bowls were used for
the purpose of rendering aquatic oils. Despite the absence of
stone bowls in archaeological sites dating to later phases, one
ethnographic source refers to an artefact used during contact
times whose description sounds remarkably like that of a stone
bowl: “The stone of which these lamps are made is very soft,
and may be hollowed out with others of greater hardness, not
merely for this purpose, but also for deep pots, in which they
boil their fish. They use them however, but seldom, preferring
mostly the iron and copper kettles, which they procure from
the Russians” (Sarychev, 1806, p. 73).
Another argument supporting the use of stone bowls for

the rendering of aquatic oils is the residue distribution on the
rims but not on the bottom (Fig. 2). Oil may have been
rendered by placing cuts of fat in boiling water. The rendered
oil could be scooped off the surface leaving the bottom of the
bowl clean but the rims stained. It seems probable that the oil
came from marine mammals because they yield much more
fat than fish do and were readily available as is evident from
archaeological faunal material.

Explaining the peak in stone bowl frequencies

The high stone bowl occurrence during theMargaret Bay phase
at the Margaret Bay and Amaknak Bridge sites is remarkable.
What were the driving forces behind the sudden spike in the
occurrence of such a specialist artefact type? It is possible that
this change in stone bowl frequency is the product of a samp-
ling error. After all, the Margaret Bay (13,500 artefacts, 434
stone bowls) and Amaknak Bridge (3000 artefacts, 71 stone
bowls) sites were extensively excavated in comparison with
sites of earlier phases (e.g., Oiled Blade: 800 artefacts, 1 stone
bowl). However, other sites have also seen extensive investi-
gation and yielded no evidence of stone bowls—for example,
the Summer Bay site where 564m2 was excavated, yielding
3300 artefacts but no stone bowls, and the upper levels of
Tanaxtaxak, with 3500 artefacts total but no stone bowls after
the Margaret Bay phase (Knecht and Davis, 2001, p. 270;
Table 1). The only exception of stone bowl occurrence after the
Margaret Bay phase is a surface find that may or may not
belong to the Late Aleutian Eider Point site (Fig. 3).
Here we explore the notion that stone bowl frequencies

spike during the Margaret Bay phase and go out of use after
this period ends. Why did frequencies peak at this specific
time?What changed? Furthermore, if aquatic oil was rendered
using stone bowls, then why does this artefact only occur at
this frequency during the Margaret Bay phase (4000–3000 cal
yr BP)? Assuming oil rendering was important throughout the
entire prehistoric and historic sequence of the Aleutian Islands,
one would expect to see high frequencies of stone bowls
throughout the whole sequence. Were they replaced by
another tool type; was the method for rendering oil changed?
At around 3500 cal yr BP, a cold spell ascribed to the

Neoglacial brought colder temperatures to the Aleutian
Islands (Fig. 10). Marine mammals became more abundant as
lower sea surface temperatures increased marine productiv-
ity. This induced cultural expansion and increased marine

Figure 10. Schematic diagram of stone bowl and griddle stone
relative abundance against the Margaret Bay phase sea-ice presence
in the Aleutian Islands as inferred by Crockford and Frederick
(2007) on the basis of archaeological faunal assemblages.
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mammal hunting practices. Archaeological bone material is
preserved for the first time in the Aleutian sequence, and it
shows the presence of sea ice–dependent species such as
polar bear, ringed seal, and walrus that are not present in later
phases when there is no sea ice (Davis, 2001; Crockford and
Frederick, 2007; Knecht and Davis, 2008).
The increased presence of marine mammals rich in fats

during this period of high marine productivity may have
increased the rendering of marine oil. On the other hand, the
unpredictability of climate change could have posed pro-
blems for the rendering of oil using a cold method where
pieces of fat were stored in a cleaned seal skin, referred to as a
seal poke, and left to slowly self-render into oil (Frink and
Giordano, 2015). Temperature was of the utmost importance
to this process. Under no circumstances was the substance
allowed to freeze, nor should it become too warm. Therefore
it was stored in a cool and dark place, often a submerged pit,
to prevent the oil from becoming rancid (Frink and Giordano,
2015). Semi-subterranean houses in the Aleutians dating to
before 3000 cal yr BP often had subfloor storage pits lined
with stone slabs (Knecht and Davis, 2008). It is possible that
these pits were used for this purpose.
We contend that decreasing temperatures in the Aleutians

as demonstrated by faunal remains of the Margaret Bay
and Amaknak Bridge sites (Davis, 2001; Crockford and
Frederick, 2007) may have induced a change in the method
for rendering oil. The hot rendering of oil is not only more
controlled but also quicker. Although stone containers could
be used for cold rendering as well, for hot rendering the use of
a durable container such as a stone bowl was a necessity. Fat
was cut up and boiled in water using a container, either by
means of stone boiling or by heating the container directly
over a fire. The latter seems to have been the case for the
examined specimens as evidenced by thick carbonated
encrustations stuck to the bases of the bowls.

The adoption of durable cooking technologies in
the circumpolar north

Aleutian stone bowls and griddle stones are among the
earliest durable, nonportable cooking technologies in the
circumpolar north. We argue here that stone bowls were used
for the rendering of marine fats, whereas griddle stones were
probably used for cooking food with high contributions of
marine oils. But why were they adopted in the first place?
Were stone bowls unique in light of their function?Were they
replaceable? How does the adoption of stone bowls relate to
the wider debate of early durable container technologies in
the circumpolar north?
Stone bowls were a means to an end, to render marine oil.

Alternative methods could be used to reach that same end.
The seal poke system allowed for the rendering of fat into oil
using a cold method that could have been employed before
and after the period when bowls became abundant. Climate
change may have made this system to render oil more prone
to failure and induced the introduction of the stone bowl.
However, sedentism also plays an important role here. It was

sedentism that allowed for the manufacture and maintenance
of this expensive container technology. The fact that a lot of
early pottery is associated with the processing of aquatic
resources (Jordan and Zvelebil, 2009; Craig et al., 2013) may
be closely linked to the notion that a stable abundance of
aquatic resources induced sedentism, instead of the idea that
aquatic resource processing demanded the use of durable
containers such as stone bowls and pottery.
That said, climatic circumstances could very well have

encouraged the local invention of the stone bowl in the Aleutian
Islands. The hot rendering of aquatic oil would have been
difficult or even impossible with different, less durable techno-
logies such as basketry or seal pokes. Therefore, we ascribe the
sudden peak in stone bowl frequencies to a change in oil
rendering methods brought on by the Neoglacial cold spell. The
introduction and use of griddle stones as a cooking technology
is more gradual and consistent. The demand for a container or
grill plate to cook on would have easily led to the utilization
of these flat stones that are abundant in the Aleutian Islands.

CONCLUSIONS

In this article, our aim was to identify the function of stone
bowls and griddle stones. We argue that stone bowls were used
for the rendering of marine oil using direct heating. We ascribe
the sudden peak in stone bowl occurrence to a shift in tem-
perature caused by the Neoglacial cold spell that subsequently
induced a change in oil rendering methods and brought an
abundance of sea ice–dependent species, rich in fats, to the
area. Our results also suggest that griddle stones were used for
the processing of a slightly more diverse set of resources,
although still predominantly marine. We ascribe this diversity
to cooking practices as opposed to oil rendering in stone bowls.
This is the first systematic research into the function of

Aleutian cooking technologies employing molecular and che-
mical analyses of carbonised residues. Future work could test
the hypotheses raised in this article by analysing a larger set of
samples, especially regarding griddle stones to more firmly
establish trends. The differences between the two technological
groups are minor but apparent. Differentiation within the
aquatic spectrum is still poorly understood, and advances in
experimental techniques involving APAA isomer ratios and
phytanic acid ratios (Fig. 6), but also an expansion of
archaeological reference data from, for example, bone lipids,
are necessary to further understand the origin of varying signals.
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Supplementary Table 1: Summary of organic residue analysis results on stone bowls and griddle stones from the Aleutian Islands. Blank cells = no analysis,  -  = compound not present 

Site Sample ID Artefact 
type 

Date lipids 
µg/g δ13C (‰) δ15N (‰) %C %N Atomic 

C:N 
δ13C16:0 

(‰) 
δ13C18:0 

(‰) 
Fatty 
acids 

Dicarboxylic 
acids APAAs Isoprenoid 

acids Alkanols 
cal yr BP 

Margaret Bay 
(UNL-48) 

UNL48-43 stone bowl 3800-3000 3399 -23.69 11.61 55.49 1.84 34.41 -21.51 -21.01 C8-24 C6-18 C16-C22 present 

UNL48-44 stone bowl 4095 -23.99 11.1 51.8 2.9 20.57 -22.17 -21.59 C12-30 C8-15 C16-C22 present C26tr 

UNL48-45 stone bowl 1735 -22.74 16.05 51.63 5.8 10.46 -22.48 -22.1 C12-28 C8-15 C16-C22 present 

UNL48-54 stone bowl 1256 -24.38 11.98 26.8 2.64 11.29 C13-30 C9-24 C16-C22 present C26tr 

UNL48-55 stone bowl 1768 -25.33 11.75 44.07 2.66 18.51 C11- 34 C7-24 C16-C22 present C26tr 

UNL48-56 stone bowl 3635 -23.43 14.5 48.86 4.67 12.27 -23.78 -23.46 C11-28 C7-21 C16-C22 present 

UNL48-57 stone bowl 3144 -23.75 14.59 54.14 3.88 16.29 -23.44 -22.9 C11-30 C7-21 C16-C22 present C22-C32tr 

UNL48-59 stone bowl 3415 -23.59 13.03 46.74 3.86 14.14 -22.64 -22.14 C10-28 C7-18 C16-C22 present C26tr 

UNL48-61 stone bowl 674 -19.18 13.79 42.02 6.66 7.24 C9-28 C6-18 C16-C22 present 

UNL48-61b stone bowl 6124 C10-28 C6-20 C16-C22 present 

UNL48-62 stone bowl 134 -20.57 13.55 40.62 7.04 6.79 C12-26 C9-11 - - 

UNL48-62b stone bowl 694 C9-28 C6-15 C16-C22 present 

UNL48-1001 stone bowl 4316 -23.41 16.5 47.33 4.13 13.38 C10-28 C7-20 C16-C22 present 
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Amaknak Bridge 
(UNL-50) 

UNL50-36 stone bowl 3900-2300 40 -15.09 15.43 47.09 9.82 5.6 C16-22 - - - 

UNL50-37 stone bowl 2397 -23.77 10.84 55.8 3.32 19.33 -22.6 -22.36 C11-30 C7-20 C16-C22 present C26tr 

UNL50-38 stone bowl 1732 -21.46 13.46 39.43 4.54 10.83 C10-30 C7-20 C16-C22 present 

UNL50-50 stone bowl 1779 -24.13 12.02 41.35 2.61 19.12 -22.51 -21.74 C12-30 C8-20 C16-C22 present C22-C32tr 

UNL50-51 stone bowl 2854 -23.77 10.12 45.26 1.76 27.64 -22.29 -21.8 C11-30 C7-24 C16-C24 present 

UNL50-52 stone bowl 4031 -23.32 11.6 59.83 1.74 38.56 -21.69 -21.11 C11-26 C8-20 C16-C22 present 

UNL50-53 stone bowl 2055 -23.88 11.14 45.74 2.42 22.2 -22.93 -22.18 C12-30 C8-27 C16-C22 present C26tr 

UNL50-53b stone bowl 423 C11-30 C8-20 C16-C22 present 

UNL50-1002 stone bowl 2560 -24.17 12.33 45.72 1.56 34.22 C10-26 C7-20 C16-C22 present 

Tanaxtaxak 
(UNL-55) 

UNL55-39 griddle stone 630-290 7342 -23.69 12.34 43.17 3.5 15.08 -24.35 -23.34 C8-24 C6-20 C16-C22 present 

UNL55-40 griddle stone 1429 -24.13 13.25 36.49 3.33 12.86 C11-30 C7-18 C16-C22 present 

UNL55-41 griddle stone 1587 -24.59 11.68 33.27 3.1 12.81 -23.66 -23.61 C12-30 C8-22 C16-C22 present 

UNL55-41c griddle stone 8652 C10-24 C7-20 C16-C22 present 

UNL55-42 lamp 6645 -24.64 14.01 56.33 3.41 19.41 -23.86 -23.47 C8-24 C6-20 C16-C22 present 

UNL55-58 stone bowl MB phase 1566 -23.69 13.43 33.5 2.51 14.92 C9-30 C6-22 C16-C22 present 
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Oiled Blade 
(UNL-318) 

UNL318-47 griddle stone 9000-8000 3495 -23.37 14.31 53.59 2.36 26.44 -22.2 -21.51 C12-24 C8-20 C16-C22 present 

UNL318-48 lamp 1521 -23.87 11.92 37.54 2.18 19.66 C12-30 C8-22 C16-C22 present 

UNL318-49 lamp 2050 -23.68 12.28 38.15 1.25 34.81 C12-26 C8-15 C16-C22 present 

Eiderpoint 
(UNL-19) UNL19-60 stone bowl - 2570 -18.4 16.16 55.17 8.65 7.34 C12-C25 C8-20 C16-C22 present 

Uyagan 
(AMK-0003) AMK3-1030 griddle stone 6606 -25.15 16.92 46.15 4.42 12.18 -24.19 -24.3 C9-32 C6-18 C16-C22 present C22-C32tr 

AMK3-1031 griddle stone 7265 -21.73 -22.14 C9-26 C6-16 C16-C22 present 

AMK3-1032 griddle stone 309-434 3480 -23.05 12.12 32.31 3.72 10.14 -24.7 -24.05 C10-30 C7-22 C16-C22 present C22-C32tr 

AMK3-1033 griddle stone 319-484 2764 -23.82 13.41 16.65 2.39 8.14 -23.8 -23.09 C12-30 C8-24 C16-C22 present 

AMK3-1034 griddle stone 321-499 1895 C12- 30 C9-22 C16-C22 present C24-C28tr 
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Supplementary Table 2: Bone collagen data from archaeological contexts of the Aleutian Islands and the Alaska Peninsula. Species were identified by ZooMS 
at the University of York for the following samples: 201, 204-5, 209-10, 310-12, 316, and 319.   

Sample 
ID Region Site Taxon Common name δ13C 

(‰) 
St 

dev 
δ15N 
(‰) 

St 
dev %C %N Atomic 

C:N 
100R Alaska 

Peninsula XMK-30 Phocidae Seal -13.18 0.06 17.51 0.01 43.26 15.63 3.21 

101R Alaska 
Peninsula XMK-30 Rangifer tarandus Caribou -17.92 0.04 1.35 0.01 43.23 15.55 3.27 

102R Alaska 
Peninsula XMK-30 Enhydra lutris Sea otter -11.17 0.09 15.23 0.01 42.59 15.86 3.12 

103R Alaska 
Peninsula XMK-30 Otariidae Seal -13.18 0.04 19.75 0.07 42.36 15.70 3.16 

104R Alaska 
Peninsula XMK-30 Eumetopias jubatus Sea Lion -13.32 0.02 20.13 0.00 43.15 15.96 3.15 

105R Alaska 
Peninsula XMK-30 Gadus macrocephalus Pacific cod -12.06 0.05 18.21 0.11 43.38 15.66 3.24 

106R Alaska 
Peninsula XMK-30 Ursus arctos Brown bear -16.40 0.00 12.43 0.07 41.92 15.35 3.18 

107R Alaska 
Peninsula XMK-30 Hippoglossus 

stenolepis Halibut -11.83 0.01 16.30 0.06 43.08 15.78 3.17 

201R Aleutian 
Islands UNL-48 Balaenoptera physalus Fin Whale -13.86 0.01 13.36 0.02 41.67 15.27 3.18 

202R Aleutian 
Islands UNL-92 Haliaeetus 

leucocephalus Eagle -13.62 0.05 13.99 0.18 42.34 15.39 3.22 

204R Aleutian 
Islands UNL-55 Phocoenidae Porpoise -13.19 0.01 15.79 0.05 40.32 14.78 3.18 

205R Aleutian 
Islands UNL-55 Phocoenidae Porpoise -14.31 0.02 17.22 0.05 40.93 14.28 3.34 

206R Aleutian 
Islands UNL-55 Eumetopias jubatus Sea Lion -13.03 0.02 19.70 0.03 42.44 15.76 3.14 

208R Aleutian 
Islands UNL-55 Phoca vitulina Harbor Seal -12.98 0.09 19.63 0.04 41.46 20.43 2.44 

209R Aleutian 
Islands UNL-55 Balaenoptera physalus Fin whale -15.95 0.04 11.58 0.04 43.25 17.95 2.92 

210R Aleutian 
Islands UNL-55 Eubalaena sp. Right Whale -16.46 0.08 12.62 0.17 41.87 15.17 3.21 

301R Alaska NAK-8 Salmonidae Salmonid -16.27 0.02 10.89 0.03 43.08 15.84 3.17 
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Peninsula 

303R Alaska 
Peninsula UGA-2 Rangifer tarandus Caribou -17.93 0.03 1.06 0.17 42.73 15.88 3.12 

304R Alaska 
Peninsula UGA-2 Rangifer tarandus Caribou -18.95 0.08 0.76 0.04 41.80 18.23 2.61 

305R Alaska 
Peninsula NAK-3 Rangifer tarandus Caribou -18.02 0.07 1.55 0.17 42.09 16.59 2.9 

307R Alaska 
Peninsula BR-20 Ursus arctos Brown bear -16.03 0.08 12.99 0.11 43.12 15.25 3.31 

308R Alaska 
Peninsula BR-20(2) Phocidae Seal -11.96 0.06 17.50 0.11 44.20 15.53 3.32 

309R Alaska 
Peninsula BR-20(1) Rangifer tarandus Caribou -19.70 0.09 2.69 0.02 43.11 21.07 2.31 

310R Alaska 
Peninsula KK-1 Eubalaena sp. Right whale -17.18 0.02 9.82 0.00 44.18 15.78 3.27 

311R Alaska 
Peninsula NAK-8 Monodontidae Narwhal/Beluga 

whale -12.90 0.06 19.46 0.09 35.19 12.58 3.25 

312R Alaska 
Peninsula KK-1 Enhydra lutris Sea otter -12.58 0.00 13.07 0.03 42.21 14.49 3.4 

315R Alaska 
Peninsula AK-3 Salmonidae Salmonid -11.97 0.06 15.35 0.05 42.24 15.49 3.17 

316R Alaska 
Peninsula NAK-8 Monodontidae Narwhal/Beluga 

whale -13.14 0.02 19.61 0.05 43.37 15.48 3.27 

317R Alaska 
Peninsula BR-20(1) Salmonidae Salmonid -17.11 0.08 10.35 0.14 42.03 14.60 3.35 

319R Alaska 
Peninsula NAK-8 Monodontidae Narwhal/Beluga 

whale -12.81 0.00 19.74 0.06 40.93 13.47 3.55 
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WHAT’S COOKING? Investigating the Function of Prehistoric Stone Bowls and Griddle Stones
in the Aleutian Islands by Lipid Residue Analysis 

Marjolein Admiraal, Alexandre Lucquin, Matthew von Tersch, Peter Jordan, and Oliver Craig

Signi�cance
Stone bowls and griddle stones were important cooking tools of the 
ancient Unangax people of the Aleutian Islands. Their presence and 
use �uctuated throughout prehistory. Stone bowls seem to have 
been especially signi�cant during the colder Margaret Bay phase 
(4000-3000 cal BP) when they occur in great numbers. Griddle 
stones become more numerous in later times. Despite their 
importance these artefacts have not been well-studied. What role 
did these artefacts play in cooking and resource processing in Unangax 
prehistory? This researc h for the �rst time investigates organic 
residues from 10 griddle stones and 20 stone bowls. Results show 
subtle but apparent di�erences in the use of these artefact groups. 

Durable cooking technologies

Processing an aquatic oily substance...

References

Lipid Residue 
Analysis

Thirty charred surface residue 
samples of approximately 20 mg 
were collected from twenty stone 
bowls and ten griddle stones. The 
samples were then ground to a 
homogenous powder.                            .

Acid extraction 
Lipids were extracted using a 
mixture of methanol and 
sulphuric acid that was added 
to the samples and then heated 
for 4 hours at 70°C. The 
supernatant was extracted 
three times using hexane. The 
extracts were then dried under 
a gentle stream of nitrogen. 

After proper dilution the samples were analysed by gas 
chromatography - mass spectrometry (GC-MS) on both a 
DB-5ms column as well as a DB-23ms column running in SIM 
mode to identify isoprenoid fatty acids and ω- (o-alkylphenyl) 
alkanoic acids as aquatic biomarkers. Subsequently samples 
were analysed for compound speci�c isotopes of fatty acids 
C16:0 and C18:0 using GC - combustion - isotope ratio MS 
(GC-c-IRMS). Bulk samples of carbonized crusts were also 
analysed using elemental analysis - isotope ratio MS (EA-IRMS) 
to identify carbon (δ13C) and nitrogen (δ15N) values.                               

Conclusion
Our aim was to identify the function of stone bowls and griddle stones. We argue that stone bowls were used for the rendering of marine oil using direct heating. We ascribe the sudden 
peak in stone bowl occurrence to a shift in temperature caused by the Neoglacial cold spell that induced a change in oil rendering methods and brought an abundance of sea-ice 
dependent species, rich in fats, to the area. Our results also suggest that griddle stones were used for the processing of a slightly more diverse set of resources although still 
predominantly marine. We ascribe this diversity to cooking practices as opposed to oil rendering in stone bowls. The di�erences between the two technological groups are minor but 
apparent. Di�erentiation within the aquatic spectrum is still poorly understood and advances in experimental techniques involving ω-(o-alkylphenyl)alkanoic acid isomer ratios and 
phytanic acid ratios, but also an expansion of archaeological reference data from, for example, bone lipids, are necessary to further understand the origin of varying signals.                                 . 

The use of durable cooking technologies in prehistory has often been connected to increasingly sedentary 
lifestyles, generally linked to agriculture. But it was not only the introduction of farming that led people to 
stay in one place. Seasonal abundance of aquatic resources in speci�c parts of the landscape can also 
facilitate increasing sedentism. The sub-Arctic Aleutian Islands are an ecological hotspot where early 
sedentism occurred based on the year-round abundance of marine resources such as �sh (cod and halibut) 
and marine mammals (harbor seal, whale, porpoise, sea lion and sea otter).                                                                  . 

The earliest stone bowls (n=2) and griddle stones (n=1) are found in low numbers at a few sites dating to the 
Early Anangula phase. They become more numerous during later phases. Stone bowls peak during the 
Margaret Bay phase with high occurrences at the Margaret Bay (n=434), and Amaknak Bridge (n=71) sites. 
This suggests the substantial importance of these artefacts in Aleutian daily life at these sites. Stone bowls 
seem to go out of use during Amaknak phase (Knecht and Davis, 2001), while the occurrence of griddle stones 
increases from this time onwards (Jeanotte et al., 2012).                                                                                      .

Ethnographic information
“The stone of which these lamps are made 
is very soft, and may be hollowed out with 
others of greater hardness, not merely for 

this purpose, but also for deep pots, in 
which they boil their fish. They use them 

however, but seldom, preferring mostly the 
iron and copper kettles, which they 

procure from the Russians” 
(Sarychev, 1806: p.73).

What was the function of these artefacts?

Aleutian Island prehistory

Humans �rst arrived in the Aleutian Islands around 9000 cal yr BP. During the earliest Anangula phase 
(9000-7000 cal BP) encampments were set up on small islands in the bays of larger ones. Sites are scarce but 
become more numerous in the later Anangula phase (7000-4000 cal yr BP) when in�uences of the Ocean Bay-I 
tradition indicate a possible in�ux of people from Kodiak Island (Dumond, 1977). The subsequent Margaret 
Bay phase (4000-3000 cal yr BP) is a period of both climatic and cultural change. A Neoglacial cold spell 
brought sea-ice conditions to the Aleutian Islands, presenting new challenges and opportunities for the 
Unangax people (Crockford and Frederick, 2007). The Amaknak phase of 3000-1000 cal yr BP can be 
considered the start of the �orescence of the Aleutian tradition with a complex and varied toolkit 
representing the continuous further development of the long established maritime adaptation (Davis et al., 
2016). During the Late Aleutian phase of 1000 to 2000 cal yr BP tensions rose along the Paci�c coast of SW 
Alaska. Forti�ed sea stacks and refuge sites indicate warfare, possibly with the newly established Koniag 
tradition of Kodiak Island, but also among neighbouring Unangax groups (Davis et al., 2016).                                       .

The results of the lipid residue analysis showed that all samples were predominantly aquatic in origin. The presence of isoprenoid  fatty acids 
as well as ω-(o-alkylphenyl)alkanoic acids with carbon lenght ranging from C16 to C22 attests to this. These biomarkers leave no question to 
the origin of the carbonized crusts visible on the artefacts. Compound speci�c and bulk isotopes help to di�erentiate within the aquatic 
spectrum and show a subtle but apparent di�erence between stone bowl and griddle stone samples. Compound speci�c isotopes of fatty 
acids C16 and C18 show a slightly more depleted signal for griddle stones as opposed to stone bowls (�g.1). Bulk carbon nitrogen isotopes 

Top: stone bowl from Eiderpoint, Unalaska.
Below: griddle stone from UNL-318 Oiled Blade site, Unalaska.
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From cold-rendering in seal 
pokes, to hot-rendering using 

stone bowls directly over the �re.

Figure 2: Bulk isotope results of stone bowls (green circles), griddle stones (yellow squares) and lamps (blue triangles) compared to Sakhalin pottery (open 
diamonds) (Gibbs et al., 2017) and European oil lamps (open triangles) (Heron et al., 2013; Heron and Craig, 2015; Piezonka et al., 2016; Oras et al., 2017) 
against archaeological bone collagen data from the Aleutian Islands and the Alaska Peninsula. The collagen δ15N values were adjusted by +2‰ to correct for 
the collagen to tissue o�set in order to make these values more comparable with the food crusts (Fernandes et al., 2015).                                  . 

Figure 1: a. Modern reference samples of anadromous �sh (pink triangles), freshwater �sh (green diamonds), marine �sh (blue circles), marine mammals (blue squares) and aquatic birds (yellow downward triangles) (Bell et al., 2007; Outram 
et al., 2009; Craig et al., 2011, 2013; Debono Spiteri, 2012; Cramp et al., 2014; Colonese et al., 2015; Horiuchi et al., 2015; Taché and Craig, 2015; Choy et al., 2016). b. GC-c-IRMS results showing isotopic values of C16:0 and C18:0 fatty acids 
of stone bowls (green circles), griddle stones (yellow squares) and one lamp (blue triangle).                                                                                                                                                              .

show a high C:N ratio for stone bowls, suggesting high lipid content. It is 
possible that stone bowls were used for the rendering of marine mammal 
oils. The lower C:N ratio in griddle stones attest to a higher presence of 
proteins, possibly caused by the cooking of �esh as opposed to fats (�g.2).           

Aquatic oil is a very important commodity in the life of Northern peoples. It 
is widely used in cooking and as a fuel for light and heating. It is possible 
that the colder conditions of the Neoglacial during the Margaret Bay phase 
induced a change in the method to render oil. The cold-rendering of oil, 
using a seal poke or other container, was strongly dependent on stable 
temperatures, and may have become unreliable. Hot-rendering required a 
durable container such as a stone bowl. These artefacts possibly were a 
replacement technology for rendering oil during this climatic shift, and 
this could explain the large peak in stone bowl occurence at this time..                              

Marjolein Admiraal
University of Groningen
Arctic Centre
Aweg 30, 
9718 CW Groningen
the Netherlands

m.admiraal@rug.nl
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Abstract 

Ceramic technology makes an abrupt appearance in the New World Arctic at circa 2800 cal 

BP. While there is general consensus that the ultimate source of these Alaskan pottery 

traditions lay in NE Asia, the motivations for the adoption of pottery have remained unclear, 

though some archaeologists have suggested that it may be driven by the intensification of 

marine hunting activities. This paper uses organic residue analysis to investigate the function 

of early pottery in SW Alaska (of the Norton tradition), and the extent to which function 

changed in later periods (post 1,000 BP = Thule). Contrary to expectation, the pre 1,000 cal 

BP pottery appears to have been predominantly used to process anadromous fish species, 

while marine mammal resources only become dominant in the later pottery. This suggests 

that pottery function changed after adoption into the New World. The close association 

between early pottery and riverine fishing is also supported by the fact that the oldest pottery 

dates in adjacent areas of NE Asia are found along the interior river systems and not in 

coastal areas. We tentatively conclude that early pottery was adopted into Alaska via the river 

systems of NE Asia, and that in situ developments within the Bering Strait region eventually 

led to pottery being used to process a broader array of aquatic resources, including marine 

mammal fats. 

Introduction 

The arrival of pottery in the New World (sub)Arctic around 2,800 years ago represents a 

remarkable technological adaptation. The tundral landscape is ill suited to pyrotechnology 

with limited supplies of fuel, cold winters and damp summers that limit the manufacture and 

maintenance of ceramic vessels (Harry and Frink, 2009; Jordan and Gibbs, 2019). 

Nonetheless, pottery was used by hunter-gatherer groups in Alaska for nearly 3,000 years. 
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Before it arrived in Alaska, pottery flourished amongst the Late Neolithic (~3,000 cal BP) 

and Ust’ Belaia (3,500 - 2,500 cal BP) cultures in (sub)Arctic Northern Chukotka. From a 

possible origin in the ceramic Ymyiakhtakh culture (4,200 - 2,500 cal BP) of Yakutia, 

(Ackerman, 1982; Dikov, 1979; Dumond and Bland, 1995) it entered the American continent 

at the Bering Strait, and spread rapidly with the Norton cultural tradition (2,800 - 1,000 cal 

BP) along Alaska’s coastal margins. While the archaeological record testifies to the 

importance of pottery to these peoples, the reasons for investment in ceramic technology at 

this juncture in prehistory, and in such an inhospitable environment, remain poorly 

understood. What drove the adoption of pottery technology in Alaska? What was it used for? 

And how did it evolve throughout Alaskan prehistory? In this paper we will address the 

adoption of pottery in Alaska and evaluate how its function evolved throughout time and 

space.  

Recent efforts to answer these questions have focused on late prehistoric Thule pottery, that 

replaced Norton pottery in Alaska at around 1,000 cal BP (Anderson et al., 2017; Farrell et 

al., 2014; Harry and Frink, 2009). These studies hypothesize that the adoption of pottery was 

strongly connected to a maritime adaptation, where pottery was an indispensable tool used 

for the processing of marine resources, particularly for rendering fats following exploitation 

of marine mammals, an idea supported by ethnographic literature and native oral histories 

(Harry and Frink, 2009; Heizer, 1949). Recent advances have allowed this hypothesis to be 

directly tested through the characterization of organic residues left on pottery vessels 

(Anderson et al., 2017; Farrell et al., 2014). Using this approach, Anderson et al. (2017) 

found that Thule pottery, as well as two earlier vessels, at the Cape Krusenstern site in 

Northern Alaska, were actually predominantly used to process freshwater fish. This 

unexpected result, although based on a limited sample, illustrates that long-standing 

assumptions regarding the reasons for pottery adoption in Alaska may be wrong. Alternative 

drivers, deviating from a simple model of maritime adaptations, need to be explored. That in 

turn could shed new light on our understanding of prehistoric lifeways in this region. 

Furthermore, conclusions about Thule pottery (> 1,000 cal BP) cannot simply be extended to 

incorporate the much earlier, and very different Norton pottery (see Supplemental Figure 1), 

and therefore cannot be used to make suggestions about initial pottery adoption in the North 

American (sub)Arctic some 2,000 years earlier. 
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This represents the first large scale and widely distributed organic residue study of the 

earliest pottery from the New World. Pottery of the Norton tradition is generally low in 

frequency, and the number of vessels per site is often unidentifiable due to the fragmented 

nature of the pottery (Anderson et al., 2017). For this reason, and to explore wider trends, we 

extracted lipid residues from a few vessels per site. A total of 37 Norton pottery vessels and 

12 Thule vessels from 19 sites on the Alaska Peninsula (Supplemental Table 1) were 

sampled, covering a wide variety of landscapes ranging from the Bering Sea coast, to the 

interior river systems and the Pacific coast in the south. Additionally, we evaluate early 

pottery site distributions in Alaska and northern Northeast Asia to further establish patterns in 

the occurrence of pottery in certain environmental settings.  

Results 

All ceramic (n=40) and charred crust (n=37) samples selected for this study were extracted 

using acidified methanol, following established protocols (Correa-Ascencio and Evershed, 

2014). Lipid concentrations were generally high, ranging from 28 to 28,392 µg g-1 with a 

mean of 3442 µg g-1 for Norton pottery, and 3539 µg g-1 for Thule pottery. These values 

greatly exceed the minimum amount required for interpretation (5 µg g-1 for ceramic, and 100 

µg g-1 for charred deposits) (Evershed, 2008).  

The majority of the ceramic vessels presented strong evidence for the processing of aquatic 

resources in the form of biomarkers identified by GC-MS (gas chromatography mass 

spectrometry). Aquatic biomarkers identified include ω-(o-alkylphenyl) alkanoic acids 

(APAAs) with carbon length 16 to 22, and isoprenoid acids: TMTD (4,8,12- 

trimethyltridecanoic acid), pristanic acid (2,6,10,14- tetramethylpentadecanoic acid), and 

phytanic acid (3,7,11,15-tetramethylhexadecanoic acid). 78% of Norton pottery vessels 

(29/37) exhibited the full range of aquatic biomarkers, 5% (2/37) contained partial aquatic 

biomarkers (APAAs C16-20 but without isoprenoid acids, or APAA C18 with at least one 

isoprenoid acid) and 16% (6/37) showed no evidence for aquatic biomarkers. All Thule pots 

(n=12) contained full evidence for aquatic resources.  

APAAs are formed during the prolonged heating of mono-, di- and tri-unsaturated fatty acids, 

present in aquatic organisms, at a temperature of at least 270 ℃ (Hansel et al., 2004). The

presence of APAAs rules out the possibility of contamination with aquatic oils possibly 
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present in the soil as it is highly unlikely that those would have been heated. Isoprenoid acids 

are degradation products of phytol. Phytol is a constituent of chlorophyll, which occurs in 

aquatic organisms but also, in lesser relative abundances, in ruminant animal tissues. It is 

possible to discriminate between the two sources by comparing the ratio of SSR and SRR 

diastereomers of phytanic acid (SRR%) (Lucquin et al., 2016a). All Norton and Thule pottery 

SRR% values plot in the aquatic range as compared with modern references (fig. 6.1), 

although two outliers of Norton pottery also approach ruminant values. 

Figure 6.1: Percentage of SRR diastereomer in total phytanic acid in Norton (yellow) and Thule (blue) pottery, 

compared with modern ruminant and aquatic resources (Lucquin et al., 2016a-b) 

The presence and high relative abundance of medium and long-chain saturated (C9 to C32), 

monounsaturated (C16:1 to C26:1), polyunsaturated (C18:2, C20:2, and C22:2) and dicarboxylic (C7 

- C15) fatty acids in nearly all samples make up a lipid profile typical for degraded aquatic

products (Supplemental Table 2). Additionally, dihydroxy acids were readily identified in the

acidified methanol extracts following conversion to their TMS esters. This provides

additional information about the source of monounsaturated acids (Hansel et al., 2011;

Hansel and Evershed, 2009). Notably, 11,12-dihydroxydocosanoic acid was identified in 17

out of 43 samples analysed, (14 of which are Norton samples). This compound is derived

from 11-docosenoic acid (cetoleic acid) the most abundant C22:1 fatty acid isomer in aquatic

organisms, further confirming the use of these vessels.
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Six samples lack aquatic biomarkers. Five of these samples exhibit n-alkanes (C15 - C29) and 

four present long-chain alkanols (C16 - C30), identified in acidified methanol extracts of 

samples DIL161-28, DIL161-1004, NAK3-1, UGA1-1009, UGA2-21 and XMK30-26, 

following conversion to their TMS ethers. Additionally, two samples (BR5-5, BR8-1017) 

display sterols and there are two occurrences of α-amyrin (BR5-1016, NAK10-1022: see 

Supplemental Table 2). The vast majority of samples (35/54) contain compounds that may 

have been formed during the firing of the pottery or during cooking on a coniferous wood-

fueled fire (polycyclic aromatic hydrocarbons, benzene polycarboxylic acids and abietic acid 

derivatives). Resinous compounds may also have been used to waterproof the pottery (Oras 

et al., 2017; Simoneit et al., 2000). These data provide the only evidence of plant processing 

amongst the vessels analyzed. However, contamination by migration of these lipids from the 

burial environment, where they are abundant, must be considered (van Bergen et al., 1998).  

The bulk carbon (δ13C), nitrogen (δ15N), %C and %N values of charred surface deposits from 

the surface of 38 pottery vessels were determined by EA-IRMS (Supplemental Table 3). The 

approach is complicated both by the charring process and the different quantities of proteins, 

lipids and carbohydrates in the vessel contents prior to charring (Heron and Craig, 2015), but 

has been shown to be effective at distinguishing different sources (Gibbs et al., 2017). In 

figure 6.2, the δ15N values obtained from the foodcrusts are compared with archaeological 

bone collagen values from Alaska (including the Aleutian Islands) and Canada, adjusted to 

take into account the tissue to collagen offset (ca.+ 2‰; (Fernandes et al., 2014)). Thirty-

three of 38 (87%) samples had δ15N values between 10‰ and 15‰, within the lower range 

expected for aquatic organisms and closer to the range of salmonids and freshwater fish 

rather than marine organisms, but also in the range of wild non-ruminants such as bear, fox 

and small game. The δ13C values of the charred deposits are much harder to compare with 

bone collagen measurement as their value depends on their lipid content which is relatively 

depleted in 13C. Nevertheless, there is a positive correlation between δ13C and δ15N (Pearson 

R = 0,92, df = 8, p = 0,0001298) for the Thule samples (mainly coastal) as may be expected 

for mixtures of marine resources at different trophic levels (fish, marine mammals). The 

Norton foodcrusts, mainly from riverine sites, show no correlation (Pearson R = 0,30, df = 

24, p = 0,1434) between δ13C and δ15N indicating a more varied source of carbon typical of 

freshwater or anadromous fish or mixtures of these (fig. 6.2).  
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The atomic C:N ratios give additional information on the bulk composition of the foodcrusts. 

The C:N values are significantly higher than those of East Asian cooking vessels from 

Sakhalin (mean = 2.9) (Gibbs et al., 2017). One explanation is that some of the Alaskan pots 

were used for processing aquatic products with a higher lipid content, possibly for rendering 

fish oils. In fact, the Norton and Thule C:N ratio values are more comparable with shallow 

oval bowls from Northern Europe interpreted as lamps for burning marine oils (Heron et al., 

2013), and stone bowls from the Aleutian Islands, interpreted to have been used for the 

rendering of marine mammal oils (Admiraal et al., 2019).  

Figure 6.2: Norton - orange, Thule - blue, Circles: riverine, triangles: coastal, squares: river mouths on the coast. 

Open diamonds: Sakhalin cooking pots (Gibbs et al., 2017); open upward triangles: European oil lamps (Heron 

et al., 2013; Oras et al., 2017; Piezonka et al., 2016); open downward triangles: Aleutian stone bowls (Admiraal 

et al., 2018). δ15N reference data for boxplots from (Admiraal et al., 2018; Britton et al., 2013; Byers et al., 

2011; Coltrain et al., 2016, 2004; Misarti et al., 2009; West and France, 2015).  

To further distinguish between potential sources of the residues we measured the carbon 

isotope values (δ13C) of individual fatty acids C16:0 and C18:0
 using GC-combustion-isotope 

ratio MS (GC-c-IRMS) (Supplemental Table 3). These compound specific isotopes support 

that all 47 tested samples are predominantly aquatic in origin, as indicated by aquatic 

biomarkers and bulk carbon/nitrogen isotopes. Modern reference values of known origin in 

three different aquatic groups (marine mammals, salmonids and freshwater fish) allow for 

further differentiation within the aquatic spectrum. Marine organisms are generally more 

enriched in 13C than other aquatic species such as anadromous fish and freshwater fish. 

Seventy percent of Norton pottery (28/40) values plot within or close to the range of 

salmonid values (fig. 6.3). Some outliers have fatty acids less enriched in 13C and may 
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indicate the processing of freshwater fish. Seven Norton samples show a strong marine 

signature with more enriched values, four of those are from coastal sites, the other three are 

from the NAK-3 and DIL-161 sites of the early Norton period, 20 and 38 km from the coast, 

respectively (fig.1). This indicates the transport of coastal resources inland over distances of 

more than a days walk (~ 15 km) as early as 2,120 cal BP (Bundy, 2007; Dumond, 2011). 

Pottery of the Thule period is in general more enriched in 13C, indicating a stronger marine 

orientation. Samples from this period are generally from the coast, with the exception of two 

samples from the Brooks River (BR20), that are indeed less enriched than most other 

samples, possibly indicating the processing of salmon. This is further confirmed by carbon 

and nitrogen values of human remains from the Brooks River area (BR5) tested by (Coltrain, 

2010). Her results indicate that Thule people here subsided on a diet of terrestrial and low-

trophic marine species such as salmonids, with the possible addition of higher trophic marine 

animal products as well.  

Figure 6.3: compound specific isotope data of individual fatty acids C16:0 and C18:0 for a: Norton and b: Thule. 

Coloured symbols are original data from this study, of which open symbols refer to samples lacking aquatic 

biomarkers. Coloured shapes refer to site locations: circles=riverine; triangles=coastal; squares=river mouths on 

the coast. Reference data from Alaska are shown in black open symbols: diamonds: Cape Krusenstern pottery 

(Anderson et al., 2017), downward triangles: (Norton) Nash Harbor site, and (Thule) Nunalleq site (Lucquin et 

al., 2016a). The data are compared to reference values of modern tissue and bone from the Northern Hemisphere 

plotted in 66,8% confidence ellipses (Choy et al., 2016; Craig et al., 2011; Horiuchi et al., 2015; Lucquin et al., 

2016b; Paakkonen et al., in press 2017; Taché and Craig, 2015).  
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Discussion 

The adoption of pottery in the North American (sub)Arctic has often been regarded an 

enigma. While the reasons for maintaining a pottery tradition in the Arctic have been 

discussed before (Harry and Frink, 2009), the mechanisms that drove the initial adoption of 

pottery in northern North America remain poorly understood (Jordan and Gibbs, 2019). To 

understand why pottery was adopted in this area we investigated the function of early Norton 

pottery on the Alaska Peninsula through the first systematic organic residue analyses of the 

earliest pottery type in the North American (sub)Arctic. The results provide unambiguous 

direct evidence for the processing of aquatic resources in all the pottery vessels tested (n=49), 

as expected. Interestingly however carbon isotope analysis of individual lipids extracted from 

these vessels provides evidence of different patterns of exploitation between this earliest 

(Norton) phase of (sub)Arctic pottery and later Thule pottery. Whilst the Thule focused their 

pottery use exclusively on marine fish and mammals, the Norton pottery had a much broader 

range of use including freshwater and anadromous fish, such as salmon. These results suggest 

that the existing paradigm and generalization of (sub)Arctic pottery function for maritime 

resource processing (Admiraal and Knecht, 2019; Anderson, 2019; Frink and Harry, 2018; 

Harry and Frink, 2009; Knecht, 1995), and the accompanying assumption of a coastal 

dispersal route needs to be revised.  

The direct evidence for pottery function we have generated through organic residue analysis 

is in fact supported by the distribution of Norton sites (fig. 6.4), many on river mouths and 

upriver locations. Places that would have been ideal for the surplus harvesting of all five 

species of Pacific salmon during their seasonal migrations. Such practices are supported by 

the abundant presence of net sinkers at Norton sites (Dumond, 2016). Indeed, the majority 

(60%) of compound specific carbon isotope values from Norton potsherds match 

measurements made on modern authentic salmon fats, after correction to account for recent 

changes in the isotopic content of atmospheric CO2. The use of pottery to process terrestrial 

game such as caribou, that were readily accessible to (sub)Arctic hunters on the Alaska 

Peninsula and are known to have been exploited by Norton hunters (Giddings and Anderson, 

1986), are not supported by the δ15N measurements made on foodcrusts, nor by the 

distribution of lipids nor the compound specific isotopic measurements. Instead, we suggest 

that the impetus for the introduction of pottery was driven by a need to process riverine fish. 

The fact that many of the foodcrusts had a high carbon content relative to measurements 

110



made on other hunter-gatherer cooking vessels suggests that pottery was used to render fish 

oils for storage and possibly exchange.  

Figure 6.4: map of Alaska portraying Norton (yellow), Thule (blue) and Koniag (orange) sites, and post-3000 

cal BP sites across the Bering Strait in Northeast Siberia (purple). (Map by Frits Steenhuisen, for a list of sites 

see the Supplemental Tables 4 and 5, translucent markers refer to sites that were not radiocarbon dated).  

The strong riverine character of pottery function in the Norton tradition has implications for 

the route of dispersal of pottery into Alaska. Whilst an origin in Neolithic Northeast Asia is 

generally accepted (Ackerman, 1982; Dumond, 1982; Jordan and Gibbs, 2019; Kuzmin, 

2014), a dispersal route for pottery technology into the Americas has not been well-defined 

(Ackerman, 1982). Early pottery in the Amur region (ca. 16,000 cal BP) was used to process 

marine resources (Gibbs et al., 2017), as was early pottery in Japan (Lucquin et al., 2016b) 

and the Korean Peninsula (Shoda et al., 2017). It is tempting to extend this pattern towards 

the north where a migration of maritime adapted, pottery-using people along the seasonally 

frozen coast of the Okhotsk Sea and on to the Bering Strait seems theoretically reasonable. 

However, looking at early pottery dispersal in Siberia we observe a strong focus on large 

river systems (fig. 6.5). Our data are consistent with a riverine dispersal route, possibly from 

Yakutia (Bel’Kachi: 5,000 cal BP (Dyakonov, 2006) and the Upper Lena River region 

(Makrushino site: 5,900 cal BP (Kuzmin and Orlova, 2000). Further to the east pottery is 
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found in the Upper Kolyma River region by about 5,400 years ago (Agrobaza 4 site: 5,420 

cal BP (Ponkratova, 2006), and finally in the wetland areas of Chukotka (Chirovoe Lake site: 

3,000 cal BP (Dikov, 2003), and the Chukchi Peninsula (Terkuemkyun 1 site: 3,300 cal BP 

(Dikov, 1997; Kuzmin and Orlova, 2000) by about 3,000 cal BP. When pottery finally 

crosses the Bering Strait into Alaska at around 3,000 years ago, its trajectory becomes more 

complicated as influences of a maritime adaptation start to arise on both sides of the Bering 

Strait around this time (Dikov, 2003; Tremayne et al., 2018). While the Norton tradition 

disperses along Alaska’s coastal margins, the majority of site locations, especially in 

Southwest Alaska, often seem to cluster around large river mouths, lakes and creeks, 

environments much resembling those of interior Northeastern Siberia (fig. 6.5). 

Figure 6.5: map of Northeast Asia and Alaska showing the distribution of sites with pottery: early (pre-3000 cal 

BP, red) Northeast Asian pottery sites on the left; and post-3000 cal BP (or late) sites on the right in both 

Northeast Asia (purple), and Alaska. Sites in Alaska (and in the Canadian Arctic) are divided in Norton pottery 

(yellow) and Thule pottery (blue). Dated Northeast Asian sites show markers with solid fill, undated sites with 

transparent fill. A list of sites is available in Supplemental Table 4 (NE Asia) and Supplemental Table 5 (North 

America). 

After entering Alaska from the Bering Strait pottery disperses both north and south and 

evolves in different ways. While in Southwest Alaska Norton pottery appeared after an 

occupation hiatus of about 500 years, in Northwest Alaska the transition from the earlier 

Arctic Small Toot tradition was more gradual (Tremayne and Brown, 2017). Here 
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subsistence practices appear to have shifted earlier towards the exploitation of marine 

mammals (Tremayne et al., 2018). This was possibly the result of the nearly year-round 

presence of sea ice in the north, which was absent for several months of the year further to 

the south, leading to a higher abundance of productive salmon runs in this more temperate 

zone (Dumond, 2016; Frink and Harry, 2018). These pronounced environmental differences 

helped shape subsistence strategies and likely transformed pottery function. Nonetheless, 

even at the northwestern Cape Krusenstern site Norton pottery (2,400 cal BP) was used to 

process fish instead of marine mammals, while the latter were certainly also exploited here 

(Anderson et al., 2017).  

Finally, at around 1,000 cal BP pottery is transformed as Thule influences from the Bering 

Strait region reach across Alaska and drastically change its appearance and function. The 

Thule were a well-developed maritime tradition, which is evident in site localities on the 

coasts and the appearance of novel technologies for the open water hunt of marine mammals, 

as well as in faunal assemblages. Thule pottery was thick and low-fired, with crude mineral 

temper. Traits that possibly originate further north where local climate further complicated 

the manufacture of pottery (Frink and Harry, 2008). Compound specific isotope data confirm 

that pottery of this maritime focused cultural tradition in Southwest Alaska was more 

exclusively used for the processing of marine resources. Indeed, this function is more in line 

with ethnohistoric information about pottery use in Alaska (Anderson, 2019). Furthermore, 

previously published results from the Nunalleq site also attest to the marine character of 

pottery use during the Thule period. However, countering results from the Cape Krusenstern 

site (900 - 300 cal BP) show that Thule pottery there was used predominantly for the 

processing of freshwater fish (Anderson et al., 2017). This unexpected result may suggest 

that the connection of pottery technology to riverine resource processing lingered longer than 

expected, even within the more maritime-focused tradition of the Classic Thule. This attests 

to the necessity of investigating pottery function using organic residue analysis even at sites 

where marine mammal exploitation was evident (e.g. Iyatayet (Tremayne et al., 2018)), as 

pottery function may have been exclusive.  

Conclusions 

The functional analysis of pottery through organic residue analysis allows for a new approach 

in the investigation of connections between prehistoric cultures and their dispersal in world 
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prehistory. Here we examined the drivers of pottery adoption into the New World 

(sub)Arctic. Contrary to expectations, early (Norton) pottery function in Southwest Alaska 

was linked to river fishing and not maritime hunting, a result supported by site distribution 

patterns. A similar trend is seen in the distribution of ceramic traditions in Northeast Siberia, 

where pottery occurs almost exclusively along major river systems. The environment of 

Southwest Alaska with its rich salmon rivers lends itself well to cultural traditions coming 

from Northeast Siberia looking to continue their established ways of life. We argue that the 

Norton ceramic tradition is an extension of this Northeast Asian Late Neolithic phenomenon, 

and we reject the idea that pottery adoption in the (sub)Arctic was driven solely by a 

maritime adaptation. Based on our results pottery only became a central part of a maritime 

adaptation with the arrival of Thule in Southwest Alaska at 1,000 cal BP. To further test our 

hypothesis systematic organic residue studies of Northeast Siberian early pottery, as well as 

an expansion of early Alaskan pottery residue studies is necessary and highly recommended 

for future research.  

Methods  

We obtained 40 ceramic sherds and 37 carbonized surface residues from 19 archaeological 

sites of Norton (vessel n=37) and Thule (vessel n=12) on the Alaska Peninsula. Lipids were 

extracted using acidified methanol and following established protocols (Craig et al., 2013; 

Papakosta et al., 2015). In short, methanol was added to the homogenized samples (4 mL to 1 

g of ceramic powder, 1 mL to 20 mg foodcrust) that were obtained by either scraping off 

carbonized crusts, or drilling into the surface of the sherd (2-4 mm depth). The sample was 

then sonicated for 15 minutes after which sulphuric acid was added to the sample (800 μL to 

ceramic powder, 200 μL to foodcrust). Subsequently the acidified methanol mixture was 

heated for 4 h at 70 °C. After cooling and centrifugation, the supernatant was transferred to a 

sterile vial and extracted using hexane (3 x 2 mL). Samples were analyzed by GC-MS and 

GC-c-IRMS. Bulk foodcrust samples were analyzed by EA-IRMS according to existing 

protocols (Craig et al., 2013; Lucquin et al., 2016b).  
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Supplementary Table 1: Sample information (including radiocarbon dates) 

Norton tradition sites 
Site ID Associated samples Phase Location C14 age C14 ID Cal age Reference 

UGA-1 23-25, 1008-9 Lakes Ugashik River 2110±95 SI-2078 Henn, 1978 

NAK-3 1-4, 1011-12, 1025 Smelt Creek Naknek River 2255±80 
1965±75 
1960±65 
1900±150 

SI-1850 
SI-1840 
SI-3218 
I-508 

360 BC 
AD 46 
AD 49 
AD102 

Dumond, 2011 

BR-14 1021 BR Weir Brooks River 1950±60 Beta-27079 AD 96 Dumond, 2011 

BR-7 9-10 BR Weir Brooks River 1850±100 I-210 AD 100 Dumond, 2011 

NAK-6(2) 1015 BR Weir Naknek River 1790±65 SI-2073 AD 226 Dumond, 2011 

NAK-10 1022 BR Weir Naknek River 1685±70 SI-1855 AD 265 Dumond, 1981 

MK-14 (AK3) 16 Takli Cottonwood Pacific Coast 1680±100 I-1942 AD 270 Clark, 1977 

XMK-30 26 Takli Cottonwood Pacific Coast 1620±60 Hilton, 2002 

Kukak 17, 19 Kukak Beach Pacific Coast I-1637 AD 500 Clark, 1977 

BR-8 1014, 1017 BR Weir Brooks River 1230±150 I-526 AD 720 Dumond, 2011 

BR-5 (2) 5-6, 1013 BR Falls Brooks River 1260±60 Beta-97082 AD 814 Dumond, 2011 

UGA-29 20 River Ugashik River 1055±60 SI-2650 Henn, 1978 

XMK-30 27 Kukak Beach Pacific Coast 970±60 Hilton, 2002 

DIL-161 28 
1003 
1004 

29, 1005 

Early Norton 

BR Falls? 
BR Falls? 
BR Weir/Falls? 

Alagnak River 2140±70 
2130±40 
2100±70 

1390±40 
1480±60 
1580±40 

Beta-196943 
Beta-196946 
Beta-196937 

Beta-196941 
Beta-196947 
Beta-196948 

2130 BP 
2120 BP 
2060 BP 

1300 BP 
1350 BP 
1500 BP 

Bundy, 2007 

BR-10 1024 BR Weir Brooks River not dated Dumond, 1981 
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Thule tradition sites 
Site ID Associated samples Phase Location C14 age C14 ID Cal age Reference 

UGA29 20 River Ugashik River 1055±60 SI-2650 AD 1000 Henn, 1978 

Kukak 1 18 Kukak Mound Shelikof Strait I-1636 AD 1175 Clark, 1977 

NAK2 1023 BR Camp Naknek River 690±75 SI-2072 AD 1283 Dumond, 2011 

BR1 1010, 1020 BR Camp Brooks River 680±90 
880±65 

I-525
SI-2075 

AD 1288 
AD 1183 

Dumond, 2011 

BR20 7, 8 BR Camp Brooks River 710±80 Beta-97081 AD 1277 Dumond, 2011 

NAK8 11, 12 

13-15 

BR Bluffs Naknek River 100±50 
230±50 

270±50 

Beta-127835 
Beta-130823 

Beta-127837 

AD 1710 
AD 1660 

Dumond, 2003 

AD 1655 

Nunalleq Late Thule Bristol Bay  650±40  
290±30  

Beta-263581 
Beta-308744 

1350 AD 
1550 AD 

Ledger et al, 
2016 

* = calibrated using OxCal 
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Supplementary Table 2: results of lipid residue analysis

Sample ID      Sample type
lipid conc.  

µg/g
Saturated    
Fatty acids

Unsaturated Fatty 
acids Branched Diacids APAAs Isoprenoid acids SRR% n- alkanes Cholesterol

Abietic acid 
derivatives BPCA PAH Alkanols Dihydroxy acid Acylglycerols

Free fatty 
acids 

(TMS)

BR7-10
ceramic, 
interior 721 C9-30

C16:1, C18:1,  C18:2, 
C20:1, C22:1, C24:1 Ca17:0, Ca18:0 C6-22 C18-22

TMTD, pristanic acid, 
phytanic acid 93,6 C22-23 - 7-oxoDHA B3CA(3) - C16-28tr

9,10-dihydroxystearic acid, 9,10-
dihydroxyarachidic acid, 11,12-
dihydroxybehenic acid, Octadecanoic 
acid, 9,10-bis[(tms)oxy]-, ethyl ester 2

NAK3-1025b
foodcrust, 
exterior 2636 C13-28

C16:1, C18:1, C20:1, 
C22:1, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C9-22 C16-22

TMTD, pristanic acid, 
phytanic acid 86,0 - -

Methyl-DHA, 7-
oxo-DHA

B2CA, 
B3CA(3), 
B4CA(3) Anthracene C16-26tr - 2

NAK2-1023a
foodcrust, 

interior 28392 C12-24

C16:1, C18:1, C18:2, 
C20:1, C20:2, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C8-22 C16-20

TMTD, pristanic acid, 
phytanic acid 87,0 -

7-Oxocholest-5-en-3-yl benzoate; 
Cholesta-3,5-diene; - - - - 2

BR5-1013a
foodcrust, 

interior 2542 C11-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C8-24 C16-20

TMTD, pristanic acid, 
phytanic acid 84,6 -

Cholest-5-en-3-one; 3,5-Cholestadien-
7-one; Cholesta-3,5-diene; 19-
Norcholesta-1,3,5(10)-trien-6-one

Methyl-DHA, 7-
oxo-DHA

B3CA(2), 
B4CA(2) - C16-26

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr 2

NAK8-12
ceramic, 
interior 7362 C11-24

C16:1, C18:1,  C18:2, 
C20:1, C20:2, C22:1, 
C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-14 C16-22

TMTD, pristanic acid, 
phytanic acid 92,5 - - Methyl-DHA - - - -

1-monopalmitin, 2-
monopalmitin, 1,2-
Dipalmitin (2tr), 1,3-
Dipalmitin (2tr) 1

BR7-9
ceramic, 
interior 2244 C11-26

C16:1, C18:1,  C20:1, 
C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-20 C16-22

TMTD, pristanic acid, 
phytanic acid 89,9 C17 - 7-oxoDHA - - C26tr

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr 1

BR5-1016a
foodcrust, 

interior 2474 C14-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C22:1, 
C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C11-23 C18-20 pristanic, phytanic 91,8 -

Cholesterol methyl ether; Cholestane-
3,7,12,25-tetrol, tetraacetate, 
(3α,5β,7α,12α)-; 19-Norcholesta-
1,3,5(10)-trien-6-one; Cholesta-3,5-
diene; 4,6-Cholestadien-3β-ol; 
Cholest-3-ene, (5β), Cholesteryl 
formate

Methyl-DHA, 7-
oxo-DHA

B3CA(1), 
B4CA(1) -

BR1-1020a
foodcrust, 

interior

BR10-1024aINT
ceramic, 
interior 1406 C12-26

C16:1, C18:1, C18:2, 
C20:1, C20:2, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C9-24 C18-22

TMTD, pristanic acid, 
phytanic acid 88,6 C34-35tr

Cholesterol; Cholesterol methyl ether; 
Cholesteryl benzoate

Methyl-DHA, 7-
oxo-DHA

B3CA(2), 
B4CA(2) Anthracene C18-26tr

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr 2

NAK3-1019b
foodcrust, 
exterior 1642 C12-30

C16:1, C18:1, C20:1, 
C22:1, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C9-16 C16-22

TMTD, pristanic acid, 
phytanic acid 86,8 - -

Methyl-DHA, 7-
oxo-DHA

B2CA, 
B3CA(3), 
B4CA(3) Anthracene 

NAK10-1022a
foodcrust, 
exterior 10432 C12-28

C16:1, C18:1, C18:2, 
C20:1, C20:2, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C8-22 C16-22

TMTD, pristanic acid, 
phytanic acid 86,0 - -

Methyl-DHA, 7-
oxo-DHA, 
Retene-tr

B3CA(3), 
B4CA(3) Anthracene C20-26tr

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr 1

BR5-5
ceramic, 
interior 742 C10-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-19 C16-20

TMTD, pristanic acid, 
phytanic acid 90,1 C23-25 -

Methyl-DHA, 7-
oxo-DHA B3CA(2) - C26tr

9,10-dihydroxystearic acid, 9,10-
dihydroxyarachidic acid, 11,12-
dihydroxybehenic acid 4

BR8-1017a
foodcrust, 

interior 3530 C14-28

C16:1, C18:1, C18:2, 
C20:1, C20:2, C20:2, 
C22:1, C24:1

Ca17:0, Ci17:0, 
Ca18:0 C9-23 C16-20 pristanic, phytanic 75,9 -

Cholesta-4,6-dien-3-one; Cholesterol 
methyl ether; Cholesta-5,7,9(11)-trien-
3β-ol; 19-Norcholesta-1,3,5(10)-trien-
6-one;  4,6,8(14)-Cholestatriene; 
Cholesta-3,5-diene

Methyl-DHA, 7-
oxo-DHA

B3CA(2), 
B4CA(2) - C16-30

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr -

DIL161-28
ceramic, 
interior 243 C10-28

C16:1, C18:1,  C18:2, 
C20:1, C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-20 - phytanic acid 88,5 C17-18 1tr

Methyl-DHA, 
Retene-tr B3CA(2) - C20-30 - -

NAK8-11
ceramic, 
interior 1077 C12-24

C16:1, C17:1, C18:1,  
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-16 C16-22

TMTD, pristanic acid, 
phytanic acid 92,2 - - Methyl-DHA B3CA(1) - - - 1

BR20c-8
ceramic, 
interior 3020 C10-24

C16:1, C17:1, C18:1,  
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-16 C16-22

TMTD, pristanic acid, 
phytanic acid 85,4 - - - B3CA(2) - -

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr 1

KK1-19
ceramic, 
interior 5793 C12-22

C16:1, C18:1,  C20:1, 
C22:1

Ca15:0, Ca17:0, 
Ca18:0 C8-13 C16-20

TMTD, pristanic acid, 
phytanic acid 98,1 - - B3CA(1) - - 9,10-dihydroxystearic acid-tr -

UGA1-25
ceramic, 
interior 206 C11-26

C16:1, C18:1,  C18:2, 
C20:1, C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-22 C16-22

TMTD, pristanic acid, 
phytanic acid 94,2 C15-24 -

Methyl-DHA, 7-
oxo-DHA

B3CA(3), 
B4CA(1)

Anthracene, 
Pyrene C22-30 - - 1

DIL161-1005EXT
ceramic, 
exterior 49 78,5 C16-26 -
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Sample ID      Sample type
lipid conc.  

µg/g
Saturated    
Fatty acids

Unsaturated Fatty 
acids Branched Diacids APAAs Isoprenoid acids SRR% n- alkanes Cholesterol

Abietic acid 
derivatives BPCA PAH Alkanols Dihydroxy acid Acylglycerols

Free fatty 
acids 

(TMS)

UGA2-21
ceramic, 
interior 379 C11-24

C16:1, C18:1,  C18:2, 
C20:1, C20:2, C22:1, 
C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-16, 26 C16

TMTD, pristanic acid, 
phytanic acid 93,6 C17, C22 -

Methyl-DHA, 7-
oxo-DHA - - -

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr 1-monopalmitin-tr -

BR1-1010a
foodcrust, 

interior 6654 C14-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C8-15 C16-22

TMTD, pristanic acid, 
phytanic acid 91,8 - -

Methyl-DHA, 7-
oxo-DHA B3CA

Anthracene, 
Phenanthrene, 
Pyrene, 
Triphenylene, 
Chrysene, 
Benzo[e]pyrene C20-28tr

9,10-dihydroxystearic acid, 9,10-
dihydroxyarachidic acid, 11,12-
dihydroxybehenic acid -

XMK30-31b
foodcrust, 

interior 464 C14-28
C16:1, C18:1, C20:1, 
C22:1

Ca15:0, Ca17:0, 
Ca18:0 C7-22 -

pristanic acid, 
phytanic acid 89,3 - - -

B3CA(3), 
B4CA(2) -

UGA2-22
ceramic, 
interior 2739 C11-24

C16:1, C18:1,  C18:2, 
C20:1, C20:2, C22:1, 
C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0

C8-16, 24, 
30 C16-22

TMTD, pristanic acid, 
phytanic acid 94,7 -

Cholesterol; Cholesterol methyl ether; 
Cholesteryl benzoate B3CA(1) - C24-26tr

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr

1-monopalmitin, 2-
monopalmitin, 1,2-
Dipalmitin (2tr), 1,3-
Dipalmitin (2tr) 2

UGA1-1008bEXT
ceramic, 
exterior 118 C16-22

TMTD, pristanic acid, 
phytanic acid 88,5

UGA1-23
ceramic, 
interior 1340 C11-24

C16:1, C18:1,  C18:2, 
C20:1, C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-16 C16-22

TMTD, pristanic acid, 
phytanic acid 96,8 C17, C22 - B3CA(2) - - - 1-monopalmitin-tr 1

KK1-18
ceramic, 
interior 4424 C9-24

C16:1, C18:1, C18:2, 
C20:1, C20:2, C20:2, 
C22:1, C22:2, C23:1, 
C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-15 C16-22

TMTD, pristanic acid, 
phytanic acid 92,9 -

Cholesterol methyl ether; Cholesteryl 
benzoate B3CA(2) Anthracene - - -

BR5-6
ceramic, 
interior 2431 C10-24

C16:1, C18:1, C18:2, 
C20:1, C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-19 C16-22

TMTD, pristanic acid, 
phytanic acid 89,9 C22 - - - - -

9,10-dihydroxystearic acid, 9,10-
dihydroxyarachidic acid, 11,12-
dihydroxybehenic acid 2

NAK3-1011b
foodcrust, 

interior 1859 C14-28

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2,  C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C9-24 C16-22

TMTD, pristanic acid, 
phytanic acid 85,6 -

19-Norcholesta-1,3,5(10)-trien-6-
one; Cholesta-3,5-diene

Methyl-DHA, 7-
oxo-DHA

B3CA(3), 
B4CA(2) Anthracene C26tr - 3

DIL161-1004EXT
ceramic, 
exterior 28 77,7 C16-26 -

KK1-17
ceramic, 
interior 2723 C11-26

C16:1, C18:1,  C18:2, 
C20:1, C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-16 C18-22

TMTD, pristanic acid, 
phytanic acid 96,8 C18

Cholesterol; Cholesterol methyl ether; 
Cholesteryl benzoate

Methyl-DHA, 7-
oxo-DHA B3CA(1) - -

9,10-dihydroxystearic acid, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr 1

UGA1-24
ceramic, 
interior 1379 C10-26

C16:1, C18:1,  C18:2, 
C20:1, C20:2, C22:1, 
C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-23 C16-22

TMTD, pristanic acid, 
phytanic acid 88,0 C20-24

Cholesterol; Cholesterol methyl ether; 
Cholesteryl benzoate B3CA(1) - C24-26tr 9,10-dihydroxystearic acid

1-monopalmitin, 1,2-
Dipalmitin(tr), 1,3-
Dipalmitin(tr) 1

NAK3-4
ceramic, 
interior 2487 C11-24

C16:1, C18:1, C18:2, 
C20:1

Ca15:0, Ca17:0, 
Ca18:0 C7-16 C16-22

TMTD, pristanic acid, 
phytanic acid 97,6 C17-25 - - - - - 9,10-dihydroxystearic acid 1

DIL161-29
ceramic, 
interior 4284 C10-24

C16:1, C18:1,  C18:2, 
C20:1, C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-14 C18-20

TMTD, pristanic acid, 
phytanic acid 93,1 - - Methyl-DHA - - C26tr - -

UGA28-1026a
foodcrust, 

interior 26275 C9-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C6-16, 20 C16-18

TMTD, pristanic acid, 
phytanic acid 94,5 - - -

B2CA, 
B3CA(1) Anthracene - 9,10-dihydroxyarachidic acid -

NAK8-13
ceramic, 
interior 6024 C12-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-16 C16-22

TMTD, pristanic acid, 
phytanic acid 89,5 -

Cholesterol methyl ether; Cholesteryl 
benzoate Methyl-DHA B3CA(1) - C26tr -

1-monopalmitin, 2-
monopalmitin, 1,2-
Dipalmitin (2tr), 1,3-
Dipalmitin (2tr) 1

NAK8-14
ceramic, 
interior 11113 C12-22

C16:1, C17:1, C18:1, 
C18:2, C20:1, C22:1, 
C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-16 C16-20

TMTD, pristanic acid, 
phytanic acid 97,9 - 1tr Methyl-DHA - - C24-28tr -

1-monopalmitin, 2-
monopalmitin, 1,2-
Dipalmitin (2), 1,3-
Dipalmitin (2) 2

NAK8-15
ceramic, 
interior 8085 C12-22

C16:1, C18:1, C18:2, 
C20:1, C20:2, C22:1, 
C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-16 C16-22

TMTD, pristanic acid, 
phytanic acid 91,9 - 1tr - - C26tr -

1-monopalmitin, 2-
monopalmitin, 1,2-
Dipalmitin (2), 1,3-
Dipalmitin (2) -

AK3-16
ceramic, 
interior 1141 C10-24

C16:1, C17:1, C18:1,  
C18:2, C20:1, C20:1, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-16 C18-22

TMTD, pristanic acid, 
phytanic acid 71,0 C15-24

Cholesterol; Cholesterol methyl ether; 
Cholesteryl benzoate

Methyl-DHA, 7-
oxo-DHA B3CA(2) Anthracene -

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr -

BR14-1021bEXT
foodcrust, 
exterior 1436 C14-28

C16:1, C18:1, C20:1, 
C22:1, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C9-26 C18-24

TMTD, pristanic acid, 
phytanic acid - 19-Norcholesta-1,3,5(10)-trien-6-one

Methyl-DHA, 7-
oxo-DHA

B3CA(3), 
B4CA(3) Anthracene

BR20c-7
ceramic, 
interior 1849 C11-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C22:1, 
C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-19 C16-22

TMTD, pristanic acid, 
phytanic acid 87,4 C22 - - - - -

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr 2
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Sample ID      Sample type
lipid conc.  

µg/g
Saturated    
Fatty acids

Unsaturated Fatty 
acids Branched Diacids APAAs Isoprenoid acids SRR% n- alkanes Cholesterol

Abietic acid 
derivatives BPCA PAH Alkanols Dihydroxy acid Acylglycerols

Free fatty 
acids 

(TMS)

DIL161-1003INT
ceramic, 
interior C10-26

C16:1, C18:1,  C20:1, 
C22:1, C24:1

Ca15:0, Ca17:0, 
Ca18:0 C7-24 C18

TMTD, pristanic acid, 
phytanic acid 94,3 - -

Methyl-DHA, 7-
oxo-DHA, 
Retene-tr - Anthracene

DIL161-1004INT
ceramic, 
interior C14-28 C18:1, C22:1 Ca15:0, Ci17:0 C11-24 - phytanic acid 77,7 - -

Methyl-DHA, 7-
oxo-DHA, 
Retene-tr - -

DIL161-1005INT
ceramic, 
interior C13-30 C16:1, C18:1, C22:1

Ca15:0, Ca17:0, 
Ci17:0 C13-24 C16-22 - - -

Methyl-DHA, 7-
oxo-DHA

B3CA(3), 
B4CA(3) 

very 
strong Anthracene

DIL161-30
ceramic, 
interior 2689 C10-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-15 C18-22

TMTD, pristanic acid, 
phytanic acid 88,6 - -

Methyl-DHA, 7-
oxo-DHA, 
Retene-tr - - -

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr -

NAK3-1
ceramic, 
interior 156 C14-30 - Ca15:0, Ca17:0 - - phytanic acid 65,2 C16-29 -

Methyl-DHA, 7-
oxo-DHA

B3CA(3), 
B4CA(2) Anthracene C18-30 - 2

NAK3-1012
foodcrust, 

interior 674 C14-26
C18:1, C20:1, C22:1, 
C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C10-21 C18

TMTD, pristanic acid, 
phytanic acid 89,0 - -

Methyl-DHA, 7-
oxo-DHA

B3CA(3), 
B4CA(3) 

strong Anthracene C16-26tr - 1

NAK3-2
ceramic, 
interior 478 C16-30

C18:1, C18:2, C20:1, 
C22:1, C24:1, C26:1 Ca17:0 C13-18 C16-20

TMTD, pristanic acid, 
phytanic acid 89,5 C20-26 - - - - C24-28tr - 2

DIL161-1003EXT
ceramic, 
exterior 438 94,3 C16-30 - 2

NAK3-3
ceramic, 
interior 402 C14-26 - Ca15:0 - C16-20 TMTD C16-27 -

Methyl-DHA, 
retene-tr B3CA(2) Anthracene C18-28 - 2

UGA1-1008bINT
ceramic, 
interior C12-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C20:2, C22:1, C22:2, 
C24:1

Ca15:0, Ca17:0, 
Ca18:0 C9-16 C16-22

TMTD, pristanic acid, 
phytanic acid

Cholesterol; Cholesterol methyl ether; 
Cholesta-3,5-diene; Cholesta-2,4-
diene

Methyl-DHA, 
Retene-tr B3CA(1) Anthracene

UGA1-1009bINT
ceramic, 
interior 33 C14-32 C18:1, C22:1 Ca15:0 C19-25 - phytanic acid 87,6 C17-35 -

Methyl-DHA, 7-
oxo-DHA, 
Retene-tr B3CA(1) -

C16, 22, 24, 
26, 1

UGA29-20
ceramic, 
interior 1220 C11-24

C16:1, C18:1,  C18:2, 
C20:1, C20:2, C22:1, 
C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-16 C20

TMTD, pristanic acid, 
phytanic acid 90,7 C22 -

Methyl-DHA, 7-
oxo-DHA B3CA(1) - -

9,10-dihydroxystearic acid-tr, 9,10-
dihydroxyarachidic acid-tr, 11,12-
dihydroxybehenic acid-tr 1-monopalmitin-tr 1

XMK30-26
ceramic, 
interior 373 C12-24

C16:1, C18:1,  C20:1, 
C22:1 Ca17:0 C9 - phytanic acid 95,9 C16 - Methyl-DHA - - C24-26tr - -

XMK30-27
ceramic, 
interior 476 C11-26

C16:1, C17:1, C18:1,  
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-14 C16-22

TMTD, pristanic acid, 
phytanic acid 94,3 C15-18

Cholesterol; Cholesterol methyl ether; 
Cholesteryl benzoate Methyl-DHA - - C16-26tr - 2
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Supplementary Table 3: Compound specific and bulk isotope results

Sample ID      
(site-#)

Site Sample type Phase
lipid 

concentration 
µg/g

δ13C (‰) δ15N (‰) %C %N
Atomic 

C:N
δ13C16:0 

(‰)

δ13C18:0 

(‰)

δ13C         
(C18:0-C16:0)

BR7-10 Brooks River 7
ceramic, 
interior Mid Norton 721 -26.33 7.35 27.00 1.79 17.62 -25.35 -25.00 0.35

NAK3-1025b Naknek 3
foodcrust, 
exterior Early Norton 2636 -23.87 7.94 47.57 5.35 10.37 -23.86 -24.40 -0.54

NAK2-1023a Naknek 2
foodcrust, 

interior Late Thule 28392 -23.79 9.88 59.46 2.02 34.28 -22.53 -22.39 0.15

BR5-1013a Brooks River 5
foodcrust, 

interior Late Norton 2542 -25.87 10.25 45.01 5.90 8.90 -25.19 -24.94 0.25

NAK8-12 Naknek 8
ceramic, 
interior Late Thule 7362 -24.42 10.40 52.71 5.70 10.60 -23.91 -23.42 0.50

BR7-9 Brooks River 7
ceramic, 
interior Mid Norton 2244 -24.91 10.51 13.97 1.85 8.80 -25.96 -25.06 0.91

BR5-1016a Brooks River 5
foodcrust, 

interior Late Norton 2474 -21.67 10.89 46.33 7.70 7.02 -25.71 -25.01 0.70

BR1-1020a Brooks River 1
foodcrust, 

interior Early Thule -24.42 11.10 52.32 5.26 11.60
BR10-
1024aINT Brooks River 10

ceramic, 
interior Mid Norton 1406 -21.17 11.17 54.16 10.12 6.24 -25.88 -23.74 2.14

NAK3-1019b Naknek 3
foodcrust, 
exterior Early Norton 1642 -24.69 11.24 54.21 4.78 13.23 -23.92 -23.85 0.07

NAK10-1022a Naknek 10
foodcrust, 
exterior Mid Norton 10432 -24.68 11.45 53.53 4.10 15.24 -24.38 -24.10 0.28

BR5-5 Brooks River 5
ceramic, 
interior Late Norton 742 -26.11 11.59 48.06 2.45 22.90 -25.28 -26.05 -0.77

BR8-1017a Brooks River 8
foodcrust, 

interior Late Norton 3530 -25.59 11.59 42.01 5.24 9.36 -25.48 -25.47 0.01

DIL161-28 DIL161
ceramic, 
interior Early Norton 243 -22.97 11.65 35.23 5.12 8.02 -21.05 -21.30 -0.25

NAK8-11 Naknek 8
ceramic, 
interior Late Thule 1077 -23.04 11.88 6.73 0.71 11.08

BR20c-8
Brooks River 
20c

ceramic, 
interior Early Thule 3020 -23.23 11.89 53.34 8.07 7.71 -24.50 -24.11 0.39

KK1-19 Kukak 1
ceramic, 
interior Late Norton 5793 -23.26 11.91 45.71 6.79 7.86 -22.68 -22.04 0.63

UGA1-25 Ugashik 1
ceramic, 
interior Mid Norton 206 -22.80 11.95 51.61 7.39 8.15 -25.00 -24.53 0.47

DIL161-
1005EXT DIL161

ceramic, 
exterior Late Norton 49 -20.44 11.98 40.15 7.29 6.43 -28.69 -28.69 0.00

UGA2-21 Ugashik 2
ceramic, 
interior Mid Norton 379 -23.83 12.22 39.08 5.15 8.86 -26.01 -25.37 0.64

BR1-1010a Brooks River 1
foodcrust, 

interior Early Thule 6654 -23.84 12.29 54.41 7.50 8.47 -23.76 -23.78 -0.03

XMK30-31b Mink Island
foodcrust, 

interior Takli Alder 464 -24.12 12.45 17.43 1.08 18.59

UGA2-22 Ugashik 2
ceramic, 
interior Mid Norton 2739 -22.80 12.63 42.94 6.54 7.66 -24.17 -23.21 0.96

UGA1-
1008bEXT Ugashik 1

ceramic, 
exterior Mid Norton 118 -22.90 12.71 35.01 5.33 7.66 -25.33 -25.33 0.00

UGA1-23 Ugashik 1
ceramic, 
interior Mid Norton 1340 -21.66 13.00 55.60 8.34 7.77 -22.84 -22.53 0.31

KK1-18 Kukak 1
ceramic, 
interior Early Thule 4424 -22.81 13.01 53.35 6.93 8.98 -28.68 -26.07 2.62

BR5-6 Brooks River 5
ceramic, 
interior Late Norton 2431 -25.41 13.07 39.88 3.30 14.10 -25.70 -24.83 0.87

NAK3-1011b Naknek 3
foodcrust, 

interior Early Norton 1859 -23.07 13.11 37.18 4.51 9.61 -23.87 -23.66 0.21
DIL161-
1004EXT DIL161

ceramic, 
exterior Early Norton 28 -22.21 13.13 20.75 3.16 7.66 -27.01 -27.80 -0.79

KK1-17 Kukak 1
ceramic, 
interior Late Norton 2723 -23.35 13.15 42.56 4.24 11.71 -24.05 -23.35 0.70

UGA1-24 Ugashik 1
ceramic, 
interior Mid Norton 1379 -26.06 13.20 24.14 2.35 11.97 -26.62 -26.18 0.44

NAK3-4 Naknek 3
ceramic, 
interior Early Norton 2487 -22.28 13.27 44.20 5.24 9.85 -29.42 -28.45 0.97

DIL161-29 DIL161
ceramic, 
interior Late Norton 4284 -24.77 14.02 30.86 2.70 13.36 -25.21 -24.47 0.75

UGA28-1026a Ugashik 28
foodcrust, 

interior Mid Thule 26275 -22.63 14.04 47.67 2.63 21.15 -21.99 -22.07 -0.08

NAK8-13 Naknek 8
ceramic, 
interior Late Thule 6024 -22.65 14.86 51.08 6.68 8.92 -24.24 -23.51 0.73

NAK8-14 Naknek 8
ceramic, 
interior Late Thule 11113 -22.26 14.92 37.91 5.87 7.53 -21.09 -20.85 0.24
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Sample ID      
(site-#)

Site Sample type Phase
lipid 

concentration 
µg/g

δ13C (‰) δ15N (‰) %C %N
Atomic 

C:N
δ13C16:0 

(‰)

δ13C18:0 

(‰)

δ13C         
(C18:0-C16:0)

NAK8-15 Naknek 8
ceramic, 
interior Late Thule 8085 -21.16 16.60 48.98 7.97 7.17 -23.55 -22.72 0.83

AK3-16 AK3
ceramic, 
interior Mid Norton 1141 -22.31 -22.05 0.26

BR14-
1021bEXT Brooks River 14

foodcrust, 
exterior Mid Norton 1436

BR20c-7
Brooks River 
20c

ceramic, 
interior Early Thule 1849 -25.22 -24.72 0.50

DIL161-
1003INT DIL161

ceramic, 
interior Early Norton

DIL161-
1004INT DIL161

ceramic, 
interior Early Norton

DIL161-
1005INT DIL161

ceramic, 
interior Late Norton

DIL161-30 DIL161
ceramic, 
interior Early Norton 2689 -24.06 -23.81 0.25

NAK3-1 Naknek 3
ceramic, 
interior Early Norton 156 -29.03 -29.37 -0.35

NAK3-1012 Naknek 3
foodcrust, 

interior Early Norton 674 -25.59 -24.61 0.98

NAK3-2 Naknek 3
ceramic, 
interior Early Norton 478 -22.36 -21.78 0.58

DIL161-
1003EXT DIL161

ceramic, 
exterior Early Norton 438 -26.15 -25.67 0.48

NAK3-3 Naknek 3
ceramic, 
interior Early Norton 402 -20.12 -19.89 0.24

UGA1-
1008bINT Ugashik 1

ceramic, 
interior Mid Norton

UGA1-
1009bINT Ugashik 1

ceramic, 
interior Mid Norton 33 -26.53 -26.72 -0.20

UGA29-20 Ugashik 29
ceramic, 
interior Mid Norton 1220 -22.82 -22.08 0.73

XMK30-26 Mink Island
ceramic, 
interior Mid Norton 373 -21.78 -21.15 0.64

XMK30-27 Mink Island
ceramic, 
interior Mid Norton 476 -22.47 -22.52 -0.06
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Supplementary Table 4: early (pre-3000 cal BP) and late (post-3000 cal BP) dates of pottery sites from Northeast Asia 

Site ID early/late C14 date C14 ID dated material cal date BP Reference 
Agrobaza 4 early 4790 ± 50 Beta-140689 charcoal 5230 - 5610 Kuzmin, 2014 
Akahira I early 13800 ± 70 IAAA-61927 charcoal 16980 - 16400 Sato and Natsuki, 2017 
Bel'kachi 1 (L3) early 5970 ± 70 Le-676 charcoal 6830 Kuzmin, 2017 
Bestyakh early not available ca. 5000 BP Tolstoy, 1958 
Cape Zelenyi early not available Late Neolithic Dikov, 2003 
Chernigovka early 10770 ± 75 AA-20936 pottery temper 12560 - 12850 Kuzmin, 2014 
Chokurovka early not available ca. 5000 BP Tolstoy, 1958 
Donghulin early 8720 ± 170 BA-95068 bone 10220 - 9460 Sato and Natsuki, 2017 

Ebetiem  early not available ca. 6000 BP 
Tolstoy, 1958, Okladnikov 1946 
(105) 

Gasya early 12,960 ± 120 LE-1781 charcoal 15150 - 15870 Kuzmin, 2017 
Geka 1 early not available Ponkratova, 2006 
Goncharka 1 early 11110 ± 60 Tka-15003 pottery residues 13090 - 12800 Sato and Natsuki, 2017 
Goreliy Les early 7000 ± 150 Riga-50 charcoal 7580 - 8160 Kuzmin, 2014 
Gromatukha early 12380 ± 70 MTC-05937 charcoal 14110 - 14850 Kuzmin, 2014 
Hanamiyama early not reported Yanshina, 2016 
Higashi-Ishikawa early not reported Yanshina, 2016 
Houtaomuga early 10550 ± 50 MTC-17581 pottery clay 12660 - 12400 Sato and Natsuki, 2017 
Jin early 11800 ± 60 Tka-14552 pottery residues 13750 - 13480 Sato and Natsuki, 2017 
Jukbyeon-ri early not reported 7700 - 6800 Shoda et al., 2017 
Kachug early not available 5200 - 4200 Tolstoy, 1958 
Kameshki site early not available first millenium BC Ponkratova, 2006 
Kamikuroiwa early 12420 ± 60 MTC-04312 charcoal 14920 - 14170 Sato and Natsuki, 2017 
Kawashimadani early not reported 

 
Yanshina, 2016 

Khetagchan early not available 
late second 
millennium BC Ponkratova, 2006 

Khummi early 13260 ± 100 AA-13392 charcoal 15640 - 16240 Kuzmin, 2017 
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Kiwada early 12360 ± 50 not reported charcoal 14720 - 14120 Sato and Natsuki, 2017 
Kiyotake-Kamiinoharu, 
Loc.5 early 11720 ± 40 not reported charcoal 13710 - 13440 Sato and Natsuki, 2017 
Kresty early not available ca. 4000 BP Tolstoy, 1958 
Kubodera-Minami early 12690 ± 110 Tka-14586 pottery residues 15510 - 14520 Sato and Natsuki, 2017 
Kukhtui 3 early 4700 ± 100 LE-995 charcoal 3700 - 3110 Kuzmin & Orlova, 2000 
Kullaty early not available ca. 3500 BP Tolstoy, 1958 
Kuzuharazawa 4 early 10860 ± 60 IAAA-71618 charcoal 12860 - 12670 Sato and Natsuki, 2017 
Labuya early not available ca. 4000 BP Tolstoy, 1958 
Lake Chirovoe early 2800 ± 100 GIN not reported not reported Dikov, 2003, p.34 
Lake Kylarsa early not available Tolstoy, 1958 
Lake Zhirkova early not available Tolstoy, 1958 
Lingjin early 8570 ± 40 IAAA-102636 pottery residues 9600 - 9480 Sato and Natsuki, 2017 
Liyuzui early 10510 ± 150 PV-401 human bone 12730 - 11960 Sato and Natsuki, 2017 
Makrushino burial 
ground early 6730 ± 80 GIN-6816 collagen 5710 - 5420 Kuzmin & Orlova, 2000 
Maltan site early 4450 ± 110 KRIL-247 charcoal 3500 - 2890 Kuzmin & Orlova, 2000 
Miaoyan cave early 13710 ± 270 BA92034-1 charcoal 15820 - 17380 Kuzmin, 2017 
Miyagase-Kitahara early 13060 ± 80 Beta-105398 15930 - 15320 Sato and Natsuki, 2017 
Monotoki early not reported Yanshina, 2016 
Mukaino A, B early not reported Yanshina, 2016 
Nanzhuangtou early 10210 ± 110 BK-87075 charcoal 11400 - 12390 Kuzmin, 2017 
Nasunahara early not reported Yanshina, 2016 
Novopetrovka 2 early 9765 ± 70 AA-20937 pottery residues 11330 - 10800 Sato and Natsuki, 2017 
Novotroitskoe 10 early 11250 ± 80 Tka-15005 13300 - 12950 13500-12900 Sato and Natsuki, 2017 
Odai-Yamamoto early 13210 ± 180 NUTA-6515 pottery residues 16350 - 15280 Sato and Natsuki, 2017 
Oshinovaya-rechka 16 early 11365 ± 60 AA-60758 charcoal 13320 - 13080 Sato and Natsuki, 2017 
Pereval site early 8380 + 60 LE-1565A charcoal 7540 - 7130 Kuzmin & Orlova, 2000 
Petushki early not available Neolithic Dikov, 2003 
Pokrovsk early not available ca. 3000  Tolstoy, 1958 
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Puzi 2 [Ado-Tymovo 2] early 8780 ± 135 SOAN-3819 charcoal 9540 - 10180 Kuzmin, 2014 
Russkaya Koshka 1 early not available Ponkratova, 2006 
Sadovniki 2 early 6740 ± 150 MAG-694 charcoal 5940-5330 Kuzmin & Orlova, 2000 
Sagamino-149 early not reported Yanshina, 2016 
Sankakuyama 1 early 11790 ± 45 PLD-6470 pottery residues 13741 - 13481 Sato and Natsuki, 2017 
Seiko-sanso B early 12000 ± 40 Beta-133848 pottery residues 14000 - 13740 Sato and Natsuki, 2017 
Senpukuij Cave early 12,220 ± 80 MTC-11296 pottery residues 13820 - 14520 Kuzmin, 2017 
Shenxiandong early 10855 ZK-0502 charcoal 15920 - 10200 Sato and Natsuki, 2017 
Shimojuku E. early not reported Yanshina, 2016 
Siberdik site  early 6300 ± 170 KRIL-248 charcoal not reported Kuzmin, 2010 
Siktyakh early 5220 ± 170 IM-530 charcoal 5610 - 6310 Kuzmin, 2014 
Slavnaya 4 early 7660 ± 50 MTC-16741 pottery residues 6600 - 6430 cal BC Gibbs et al, 2017 
Solyanka early not available 5200 - 4200 BP Tolstoy, 1958 
Studenoe 1, (L9G) early 11960 ± 80 Tka-15554 pottery residues 13580 - 14020 Kuzmin, 2017 
Syalakh early not available 4th millenium BC Dikov, 2003, p. 30 
Taisho-3 early 12460 ± 40 Beta-194629 pottery residues 14270 - 14960 Kuzmin, 2017 
Takihata early 10260 ± 40 Beta-138898 charcoal 12160 - 11810 Sato and Natsuki, 2017 
Tatyanino early not available ca. 4000 BP Tolstoy, 1958 
Terao early not reported Yanshina, 2016 
Terkuemkyun 1 early 4580 ± 40 LE-2661 charcoal 3498 - 3106 Kuzmin & Orlova, 2000 
Tokareva site early 3540 ± 60 MAG-554 charcoal 2106 - 1704 Kuzmin & Orleva, 2000 
Tsukimino-Kamino-1- 
2 early 12480 ± 50 Beta-158196 pottery residues 15030 - 14280 Sato and Natsuki, 2017 
Turukta early not available Tolstoy, 1958 
Tytyl 4 early 4290 ± 100 MAG-1094 charcoal 4530 - 5280 Kuzmin, 2014 
Ulan Khada II early 7650 ± 80 LE-2777 charcoal 6600 - 6265 Kuzmin & Orlova, 2000 
Unoki-Minami early 11000 ± 50 Beta-136739 pottery residues 13010 - 12730 Sato and Natsuki, 2017 
Uolba Knoll village early not available ca. 4000 BP Tolstoy, 1958 
Ushki Lake 5 early 9485 ± 275 AA41387 charcoal not reported Goebel et al., 2003 
Usirono early not reported Yanshina, 2016 
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Ust' Belaia early 2865 ± 95 Le-187 not reported not reported Kuzmin, 2010 
Ust' Menza 1 early 11550 ± 50 MTC-16738 pottery residues 13280 - 13470 Kuzmin, 2017 
Ust-Karenga 12, L7 early 12180 ± 60 AA-60210 charcoal 13840 - 14240 Kuzmin, 2014 
Ust'-Kyakhta 3 early 11505 ± 100 SOAN-1552 bone 13550 - 13130 Sato and Natsuki, 2017 
Vakernaia site early not reported Ponkratova, 2006 
Xianrendong early 16165 ± 55 BA10264 bone 19700 - 19290 Wu et al., 2012 
Yamikhta early 9520 ± 45 Tka-15157 pottery residues 11090 - 10660 Sato and Natsuki, 2017 
Ymyiakhtakh site early not available 

 
ca. 4000 BP Tolstoy, 1958 

Yuchanyan cave early 14800 ± 55 
RTB 
5464/BA06864 charcoal 17830 - 18190 Kuzmin, 2017 

Yuedey early not available ca. 6000 BP Tolstoy, 1958 
Yujiagou early not reported 

 
Sato and Natsuki, 2017 

Zapyataya early not available not available not available 
second millenium 
BC Slobodin, 2001 

Zengpiyan early 10500 ± 140 BA-01245 charcoal 12710 - 11980 Sato and Natsuki, 2017 
Zhigalova early not available 5200 - 4200 BP Tolstoy, 1958 
Zhuannian early 9210 ± 100 BK92056 charcoal 10660 - 10200 Sato and Natsuki, 2017 
(Ni)Kulka  late 730 ± 110 RUL-473 not reported not reported Dikov, 2003, p. 226 
Aion and Wrangell 
Island late not available Ackerman, 1998 
Alevina late not available Dikov, 2003; Okladnikov, 1946 
Barbatchiki late not available Tolstoy, 1958 
Bol'shaia Medvezhka I late not available Dikov, 2003 
Cape Sivuiskii late not available historic Dikov, 2003 
Cape Trekh-Brat'ev late not available Ponkratova, 2006 
Chachime Creek late not available Tolstoy, 1958 
Chettun late not available early Eskimo Dikov, 2003, p. 171 
Chikaevskaia site late not available Ponkratova, 2006 
Chinii late not available Old Bering Sea Dikov, 2003, p. 152 
Ekven late not reported B-7328 wood 1030-1310 cal AD Miermon, 2006 
Enmynytnyn  late not available Old Bering Sea Ponkratova, 2006 

127



Ivashka site late not available Ponkratova, 2006 
Kapchigai late not available Tolstoy, 1958 
Karaga late not available Dikov, 2003, p.8 
Kavran late not available Dikov, 2003, p.27 
Kip Kich late not available ca. 1700 AD Dikov, 2003, p. 226 
Kirpichnaia late 2390 ± 70 MAG-103 not reported not reported Dikov, 2003, p. 226 
Krasneno late 780 ± 20 MAG-1523 not reported not reported Ponkratova, 2006 
Kukhtui XII late 2350 ± 200 MAG-699 not reported not reported Ponkratova, 2006 
Kukhtui XIII late 1900 ± 100 MAG-700 not reported not reported Ponkratova, 2006 
Kurupka 2 late 2310 ± 40 Le-2660 charcoal 2160 - 2450 Kuzmin, 2014 
Nalychevo late not available ca. 1700 AD Dikov, 2003 
Neshkan late not available ealy Eskimo Dikov, 2003 
Ozernaia River late not available historic Dikov, 2003 
Palana, cave late not available Dikov, 2003 
Sed'moi Prichal 
cemetary late not available Remnant Neolithic Dikov, 2003 
Seshan late not available Early Eskimo Dikov, 2003, p. 175 
Spafar'eva site late 2060 ± 100 MAG-997 not reported not reported Ponkratova, 2006 
Syura Ara late not available Tolstoy, 1958 
Tytyl 5 late not reported not reported Ponkratova, 2006 
Vakarevskaia site late 500 ± 50 Le-674 not reported Remnant Neolithic Dikov, 2003, p. 112 
Vankarem late 870 ± 50 MAG-201 charcoal not reported Dikov, 2003, p.188 
Yakutsk hospital site late not available ca. 2500 BP Tolstoy, 1958 
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Supplementary Table 5: early (Norton) and late (Thule/Koniag) dates of pottery sites from North America 

Site name/ID early/late C14 date C14 ID dated material cal date BP Reference 
Agulaak site early not available Tremayne & Rasic, 2016 
AK3/MK14 early 1680±100 I-1942 charcoal AD 270 Clark, 1977: 196 
Battle Rock early not available Anderson et al, 2017 
BR10 early 695+-82 Dumond, 1981: 146 
BR11-6 early 2140±105 I-1948 charcoal 358-27 BC Dumond, 2011 
BR12 early not available Dumond, 1981 
BR14 early 1410+-70 Beta-97003 charcoal AD 614-689 Dumond, 2011 
BR16-4 early 1435±70 SI-1858 charcoal AD 572-668 Dumond, 2011 

BR20-1 early 1895±140 I-1631 charcoal 
45 BC - AD 
287 Dumond, 2011 

BR20-2 early 1690±110 I-3116 charcoal AD 212-479 Dumond, 2011 
BR4 early 1440±70 Beta-97007 charcoal AD 573-661 Dumond, 2011 
BR5-1 early 1175±125 I-522 charcoal AD 691-993 Dumond, 2011 
BR5-3 early 1320±70 Beta-97083 charcoal AD 667-805 Dumond, 2011 
BR5-4 early not available Dumond, 2011 
BR7 early 1850±100 I-210 charcoal AD 54-294 Dumond, 2011 
BR8-2 early 1800+-90 Beta-97004 charcoal AD 148-381 Dumond, 2011 
BR9 early not available Dumond, 1981 
Cape Espenberg early 2850 ± 70 Anderson et al, 2017 
Cape Nome early 2107 ± 79 Anderson et al, 2017 
Chagvan Bay early 2173 ± 382 Anderson, 2017 
CHK-00125 early 2724+-23 Beta-12796 charcoal 2861-2768 Shirar et al, 2012 
CHK-00146 early not available Shirar et al, 2012 
Choris area/village early 2635 ± 120 Anderson et al, 2017 
Ciguralegmiut early 2260 ± 80 Alaska S 1997 fact 
Difchahak early not reported 2330–2120 Harritt, 2010 
DIL-161 early 1890±40 2140–1300 Bundy, 2007: 13 
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Ellikarrmiut/Nash 
Harbor early 2185 ± 50 Griffin, 2002 
Engigstciak early not available Anderson et al, 2017 
Hahanudan Lake early not available Dumond, 1982 
Hillside site early A.D. 537 ± 230 P-70 not reported AD 200-600 Dumond, 1969 
Ingariak Hills early not available Dumond, 1982 
Iyatayet early 2016 ± 250 Harritt, 2010 
Kukak (MK6) early not reported I-1637 AD 500 Clark, 1977: 196 
Kulik Lake early not available Dumond, 1982 
Madjujuinuk early not available Harritt, 2010 
Manokinak (49-MAR-
007) early 1100±100 WSU-1746 grassy material not reported Shaw, 1982 
Mink Island early 1710±50 Beta-114545 charcoal 1715—1515 Hilton, 2002 
MK12 early not available Clark, 1977: 199 
MK20 early not available Clark, 1977: 199 
MK23 early not available Clark, 1977: 199 
MK3 early not available Clark, 1977: 199 
NAK10 early 1685+-70 SI-1855 charcoal AD 271-440 Dumond, 2011 

NAK3 early 1900+-150 I-508 charcoal 
62 BC - AD 
293 Dumond, 2011 

NAK6-2 early 1790+-65 SI-2073 charcoal AD 143-340 Dumond, 2011 
NAK6-4 early not available Dumond, 1981: 146 
NAK7 early 1445+-65 SI-2074 charcoal AD 569-659 Dumond 1981: 76 
Nanvak Bay South early not available Anderson et al, 2017 
Norutak 1 early not available Dumond 2000 
Onion portage early 2370 ± 50 Anderson et al., 2017 
Penacuarmiut (XCM5) early 2670 ± 220 Griffin, 2002 
Point Barrow early not available Dumond, 1982 
Point Hope early not available Dumond, 1982 
Punyik point early 3660 ± 150 Anderson et al., 2017 
Singauruk channel early not available mapcarta.com 
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sites 1-2 
Tanunak Site 1 early 2530 ± 200 Griffin, 2002 
UGA11 early not available Henn, 1978 
UGA15 early not available Henn, 1978 
UGA2 early not available Henn, 1978 
UGA3 early not available Henn, 1978 
UGA4 early not available Henn, 1978 
Unalakleet early not available Dumond, 1982 
XBI-085 early not available Shaw, 1982 
XHB-030 early not available Shaw, 1982 
XHB-039 early not available Shaw, 1982 
XNI-28 early not reported 2600–1300 Griffin, 2002 
BR5-2 early/late 1260±60 Beta-97082 charcoal AD 733-902 Dumond, 2011 
Cape Krusenstern early/late 2500 ± 100 Anderson et al, 2017 
UGA1 early/late 2110 ± 95 not reported not reported not reported Henn, 1978 

Walakpa Bay, Coffin early/late 2460 ± 50 Beta-197898 not reported 
790-400 cal 
BC Stanford, 1976 

BR1 late 680±90 I-525 charcoal 
1253-1392 
AD Dumond, 1981 

BR20 late 670±105 I-1632 charcoal 
1252-1403 
AD Dumond, 1982 

BR3-1 late 450±50 Y-932 charcoal 
1420-1466 
AD Dumond, 1982 

BR5-1 late 480±90 I-523 charcoal 
1379-1469 
AD Dumond, 1982 

Brooman Point late not available Arnold and Stimmel, 1983 
Crystal II late not available Arnold and Stimmel, 1983 
Fish Creek site late not available Reger and Wygal, 2016 
Hooper Bay late not available Oswalt, 1952 
Iyatayet late not available Harritt, 2010 
KAR1 late 480±30 OS-61136 seed 550–490 West, 2011 
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KAR154 late not available Steffian and Saltonstall, 2004 
KAR186 late not available Steffian and Saltonstall, 2004 
KAR187 late not available Steffian and Saltonstall, 2004 
KAR232 late 240±40 Beta-180624 not reported 1698 AD Steffian and Saltonstall, 2004 
KAR235 late not available Steffian and Saltonstall, 2004 
KAR244 late not available 

 
Steffian and Saltonstall, 2004 

KAR251 late 210±40 227427 charcoal 
310-260, 
220-140 Saltonstall and Steffian, 2007 

KAR253 late not available Saltonstall and Steffian, 2007 
KAR274 late not available Saltonstall and Steffian, 2007 
KAR31 late not available ca. 400 BP Steffian and Saltonstall, 2016 
KAR9 late not available Saltonstall and Steffian, 2007 
KOD450 late not available 1784 AD Knecht et al., 2002 
KOD478 late not available 400-500 Steffian and Saltonstall, 2014 
KOD83 (Three Saints 
Bay) late not available Clark, 1985 
KOD99 (Younger 
Kiavak) late 406 ± 48 P-1045 charcoal 1559 AD Clark, 1966 
Learmonth late not available Arnold and Stimmel, 1983 
M1 (Cornwallis 
Island) late not available Arnold and Stimmel, 1983 
NAK11 late not available Dumond, 1981 
NAK15 late not available Dumond, 1981 
NAK2 late 690+-75 SI-2072 river bluff? 1253-1352 Dumond, 1981 
NAK4 late not available Dumond, 1981 
NAK8 late 230±50 Beta-130823 charcoal AD 1660 Dumond, 2003 
Naujan late not available Arnold and Stimmel, 1983 
Nugdlit late not available Arnold and Stimmel, 1983 
OhRh1 late AD 1060±110 RL-1666 bone Arnold and Stimmel, 1983 
Rolling Bay late 368 ± 44 P-1048 charcoal 1597 AD Clark, 1966 
Savonoski (MK2) late not available Dumond, 2011 
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Sermermiut late not available Arnold and Stimmel, 1983 
Skraeling Island 
(ellesmere island) late not available Arnold and Stimmel, 1983 
Tigchik Lake late not available VanStone, 1968 
UGA16 late not available Henn, 1978 
UGA17 late not available Henn, 1978 
UGA23 late not available Henn, 1978 
UGA27 late not available Henn, 1978 
UGA28 late not available Henn, 1978 
UGA29 late not available Henn, 1978 
Umanaq late not available Arnold and Stimmel, 1983 
Nunalleq (GND-248) late 650+-40 cal BP not reported Britton et al., 2013 
XTI96 late 450±50 Beta-208949 510 BP Saltonstall and Steffian, 2005 
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Abstract  

Pottery technology, originating in Northeast Asia, made a sudden appearance into Alaska 

around 2,800 years ago. While it was adopted along most of Alaska’s coastline, the dispersal 

event came to an abrupt halt on Kodiak Island at around 500 cal BP, when people on the 

northern half of the island rejected the technology. What drove these processes of adoption 

and rejection on the Kodiak Archipelago? Reasons for this uneven adoption have been 

ascribed to 1) the distribution of aquatic resources, and 2) social boundaries. Here we present 

residue analysis results from Koniag pottery to determine function. We conclude that Koniag 

pottery was predominantly used to process marine resources. This is supported by the 

distribution of pottery sites, which overlaps with whaling site dispersal on the southeast coast. 

We argue that social boundaries and social agency played a significant role in the adoption 

and rejection of pottery technology on Kodiak, and ascribe the uneven and delayed uptake of 

pottery to deeply rooted social boundaries within Kodiak Island. These boundaries may be 

partly based on resource distributions, specifically with respect to whaling practices which 

were most prominent in the southeast. This connection is supported by our residue analysis 

results. 
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Introduction 

 

The introduction of pottery on the Kodiak Archipelago occurs very late (ca. 500 cal BP) in its 

culture history during the Koniag phase. The rejection of pottery technology by people on 

Kodiak Island is an interesting phenomenon, as pottery on the neighboring Alaska Peninsula 

was already present at 2,500 cal BP. The technology was first adopted in Alaska some 2,800 

years ago. It was a Late Neolithic influence from Northeast Asia and spread consistently 

along Alaska’s coastal margins, carried by the Norton tradition (Ackerman 1982; Dumond 

2016). Kodiak may be seen as the frontier zone of pottery dispersal from NE Asia. Why did it 

stop here? The enigma of the delayed pottery adoption on Kodiak is further mystified by its 

partial uptake, restricted to the southern half of the island group (fig. 7.1). What made people 

on Kodiak reject this available technology? Why was it adopted so late in Kodiak culture-

history, and why does it only appear in the southern half of the archipelago? These questions 

have been raised before, but were never adequately addressed (Clark 1998; Knecht 1995; 

Clark 1966).  

 

The adoption of pottery by non-agriculturist hunter-gatherer societies has gained substantial 

interest over the past two decades. Research focus is mainly on initial pottery invention (at 

around 20,000 years ago (Wu et al. 2012)) and the subsequent dispersal in Northeast Asia 

(Craig et al. 2013; Shoda et al. 2017; Lucquin et al. 2016b; Jordan et al. 2016; Gibbs et al. 

2017; Horiuchi et al. 2015; Kuzmin 2017; Lucquin et al. 2018). The majority of these studies 

employed organic residue analysis as a method to establish the prehistoric contents of the 

ceramic vessels, and subsequently infer vessel function. Understanding pottery function is 

essential to answering the question why it was adopted in the first place. However, despite 

recent efforts, the adoption of pottery technology in the North American Arctic and sub-

137



Arctic remains poorly understood (Anderson et al. 2017; Farrell et al. 2014; Harry and Frink 

2009; Jordan and Gibbs 2019). Furthermore, the dispersal of pottery technology is often 

portrayed as a smooth automatic process, while in fact innovative technologies are not always 

smoothly adopted. Indeed, very little research has been done at the frontier edges of pottery 

dispersal. 

 

Figure 7.1: map of Kodiak Island showing Koniag sites with pottery (orange) and without pottery (purple). 

Black dots refer to the presence of clay-lined pits at Koniag sites, yellow triangles refer to isolated finds of 

Norton pottery during the Late Kachemak period. Marked sites sampled for this study: 1) Karluk One; 2) Old 

Karluk; 3) KAR 187; 4) KAR232; 5) Upper Station; 6) Kiavak 419; 7) Three Saints Bay; 8) Rolling Bay; 9) 

KOD-478; 10) KOD-450. Non-pottery sites mentioned in the text: 11) the Uyak site; 12) Crag Point; 13) 

Monashka Bay 1. (Map by Frits Steenhuisen, for a list of sites see Supplemental Table 1). 
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A clear trend that has emerged from recent organic residue studies of early hunter-gatherer 

pottery in Northeast Asia and North America shows pottery was predominantly used to 

process aquatic resources (Gibbs et al. 2017; Taché and Craig 2015; Anderson et al. 2017; 

Farrell et al. 2014). When considering pottery as a tool inherent to aquatic resource 

processing it is surprising that its adoption on Kodiak was delayed by 2,000 years. It should 

have been an ideal niche for it as aquatic resources such as marine mammals and salmon have 

always been central to human subsistence on the archipelago. Furthermore, pottery was 

already present on the neighboring Pacific Coast of the Alaska Peninsula at least 1,000 years 

earlier (Hilton 2002; Schaaf 2008; Clark 1977). Was there no contact with these nearby 

pottery traditions? What caused this delay in pottery adoption? Why was the technology 

rejected? And what changed at 500 cal BP, when pottery was finally adopted in the south, but 

still rejected in the north? 

 

Models of Pottery Adoption and Rejection 

 

We predict that Koniag pottery was linked to aquatic resources, as this has always been 

central to subsistence on Kodiak. Through organic residue analysis we may differentiate 

between: marine mammal hunting; marine fishing; or/and the surplus harvesting of salmon. 

The Koniag exploited all, but did pottery have a specific function in either of these 

subsistence focuses? The uneven distribution of pottery across the Kodiak Archipelago may 

be connected to the distribution of these resources. We suggest two possible models for 

Koniag pottery function:  
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1. Pottery was used for the seasonal surplus harvesting of salmon, a practice that 

intensified during Koniag times, as seen by higher site density along salmon rivers 

during Koniag times. This is especially true in the south, where the rivers are most 

substantial. Seasonal resource spikes were accompanied by the pressure to quickly 

harvest and process large quantities of resources. Pottery could have been used in this 

process (e.g., for fermentation, to rehydrate dried fish, to render oil). (Steffian et al. 

2015).  

 

2. Pottery was a specialized tool for the rendering of marine mammal oil. The uneven 

distribution of pottery could be explained by marine mammal migration routes as 

suggested by (Knecht 1995:321). In fact, an increase in settlements of the ceramic-

Koniag on Kodiaks southeastern coast supports this theory (Fitzhugh 2003). Pottery 

could have been a valuable tool for the processing of marine mammals such as 

whales. Moreover, Alaskan pottery has often been speculated to have been used for 

the rendering of marine mammal oil or “blubber” (Knecht 1995; de Laguna 2000; 

Khvostof and Davydov 1810), while this has not always been confirmed after further 

investigation (Anderson et al. 2017).  

 

Either of these resources was abundantly present on the archipelago. In fact, Kodiak was so 

rich in aquatic resources that it allowed a continuous in-situ cultural development throughout 

prehistory, with very little influence from outsiders (Fitzhugh 2003; Steffian et al. 2016). 

Separated from the mainland Kodiaks inhabitants could easily distance themselves from 

developments on the mainland. The exceptional abundance in resources provided stability 

and wealth, that led to the development of local ownership, social identity, but also conflict. 

Adoption of new innovations in such areas typically concern either: 1) prestige goods that 
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add status, or 2) technologies that generate more economic surplus which in turn also lead to 

more status and wealth. We expect that Koniag pottery, with its lack of decoration, was most 

likely adopted for reasons concerned with the latter.  

To test these models, we will investigate archaeological context, environmental data and 

particularly vessel function. Through the application of lipid residue analysis and stable 

isotope analysis we may characterize organic residues preserved in (and on) the ceramic 

vessels. This allows for the reconstruction of vessel contents, and subsequently vessel 

function. We analyzed lipid samples from 31 Koniag vessels of a selection (n=10) of ceramic 

Koniag sites from both riverine and coastal settings in south Kodiak. From these results we 

may infer whether pottery was a specialized tool for either salmon or marine resource 

processing. We integrate these results with contextual information distinguishing “adopter” 

vs. “rejector” sites. Explicit differences in the ecology and resource matrix of these sites may 

be instrumental in explaining the partial uptake of pottery on Kodiak. On the other hand, 

broad similarities between sites can infer an important role of social boundaries, 

networks and identity in the adoption and rejection of pottery on Kodiak.  

Background 

Kodiak Environment and Culture History 

The Kodiak Archipelago is an island group in the North Pacific Gulf of Alaska. It is 

separated from the Alaskan mainland by the Shelikof Strait. When low hanging clouds and 

mist clear up, the snow-capped peaks of the Aleutian Range on the Alaska Peninsula are 
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visible from Kodiak. With its maritime, cool and rainy climate Kodiak may be defined as at 

the lower end of the temperate climate scale (Nelson and Jordan 1988). Most of the interior 

of Kodiak Island is mountainous. However, in the south large rivers systems attract millions 

of salmon that spawn upriver every year from late spring to autumn, an abundant food source 

for both humans and bears on the island. The Karluk River may be regarded as the most 

productive salmon system of Alaska, and possibly the world. Additionally, the archipelago is 

a hotspot for marine mammals with its many sheltered bays and estuaries. Terrestrial 

resources are more limited, with no large herbivores populating the island. While trees are 

present, forested areas are limited. Stands of balsam poplar (Populus tacamahaca), black 

cottonwood (Populus trichocarpa), Kenai birch (Betula kenaica), and spruce (Picea 

sitchensis) are present, but mostly confined to the north, and otherwise to river banks (Clark 

1998).  

 

Human occupation of the Kodiak Archipelago dates back some 7,500 years, to the Ocean Bay 

tradition, an early group of mobile hunter-gatherers (see Table 1) (Clark 2001; Fitzhugh 

2003). From this early time onwards, Kodiak has been populated by humans continuously. 

Mobility decreased during the Kachemak tradition (4,000 - 900 cal BP), and for the first time 

a subsistence strategy based on the surplus harvesting, mass processing and storing of the 

marine and riverine resources that are so abundant on the island arose (Steffian et al. 2006, 

2016). A trend of expanding populations, as witnessed in increasing site sizes, begins during 

the Early Kachemak (4,000 - 2,500 cal BP).  
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Table 7.1: Culture history of the Kodiak Archipelago, based on: (Clark 1974, 2001; Steffian et al. 2016; Steffian 

and Saltonstall 2001; Dumond 2011; Fitzhugh 2003), and including mean July temperatures for the Gulf of 

Alaska (Mann et al. 1998) 
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During the Late Kachemak (2,500 - 800 cal BP) this trend continues and settlement quantities 

and sizes increase further. This causes more pressure on resources and a diversification of 

subsistence strategies. This is seen in the initiation of whaling practices on the southeast 

coast, as well as a stronger focus on salmon harvesting in the southwest. This in turn leads to 

more territoriality, as well as an increase in expressions of social identity. During the Late 

Kachemak large quantities of incised pebbles depicting extravagant individuals, and a large 

variety of labret styles appears (Steffian and Saltonstall 2001; Fitzhugh 2003). Furthermore, 

contact with the Norton culture on the Alaska Peninsula is initiated. 

 

New technologies appear such as net fishing, which is also abundantly present on the Alaska 

Peninsula during this time, as is pottery (Steffian et al. 2016; Dumond 2016). A few isolated 

finds of Norton pottery in northern Kodiak are reported (Donta; Clark 1970) (see fig. 7.1), but 

the technology was not adopted. During the Koniag transitional phase at around 950 - 650 cal 

BP indicators of social tension increase in the region, the first defensive sites on small islands 

and steep hills appear, and valuables (including food storage) are now moved from outside 

into the main room of houses for protection (Steffian et al. 2016). 

 

The Koniag Tradition and the Adoption of Pottery 

 

The transition between the Kachemak and Koniag phases has been a topic of debate 

(Dumond 1987; Dumond and Scott 1991; Clark 1992) but is now generally accepted to have 

occurred in situ and based on gradual change and continuity in artifact assemblages (Steffian 

et al. 2016; Fitzhugh 2003; Knecht 1995). Nevertheless, pronounced changes occur with the 

onset of the Koniag period. Population size expands dramatically as does pressure on the best 

resource locations, both of which further increases territoriality, social complexity and 
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inequality (Fitzhugh 2003). Houses change from single to multi-room structures to 

accommodate large extended families. Villages expanded and now show evidence of 

segregation into neighborhoods. Additionally, more defensive sites appear that are now also 

larger in size. Warfare and raiding was possibly connected to status competition. It was not 

regional but concerned distant enemies from the Aleutian Islands and even the Northwest 

coast of the American mainland. Such developments are common in the Gulf of Alaska (and 

beyond) during this time (Steffian et al. 2016). Whale hunting intensifies and the Koniag 

whaling cult appears. Whalers are described in ethnohistoric sources as a feared and revered 

class that lived secluded from the community in caves during the whaling season. Their 

methods of killing a whale was different from other areas in Alaska and is surrounded by 

rituals and mystery. For instance, the Thule in the north used floaters attached to a harpoon to 

tire the whale, and then kill it. On Kodiak whales were poisoned by a lance dipped in human 

fat of deceased prominent whalers after which the animal would wash up on shore. The use 

of human fat for making poison is known from other cultures but this whaling cult is 

especially known from the Gulf of Alaska area, and specifically on Kodiak Island (Lantis 

1938; Fitzhugh 2003).  

 

Interregional exchange and trade networks are in place and become increasingly important 

during the Koniag period, this results in the appearance of new artifact styles and types 

adopted from the mainland (e.g., labrets and pottery) (Fitzhugh 2003). Pottery first appears 

among the Koniag tradition at around 500 years ago with a limited distribution on the 

southern half of the archipelago (fig. 7.1). Pots are generally large and cylindrical in shape 

(fig. 7.2) and clay was often tempered using abundant gravel, small pebbles and crushed slate 

(Crowell 1997). Heizer (1949:49) states that although Koniag pottery may seem crude, it is in 

fact “...an excellent technological product”, that was well-fired, at temperatures of about 
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750°C, to create a strong vessel. While Koniag pottery shows technological similarities with 

Thule pottery from the Alaska Peninsula, to which it is undoubtedly related, Thule pottery 

seems to be not as well-made as Koniag pottery. Thule pottery was thick-walled, coarse and 

porous with large mineral inclusions that made it easily breakable (Harry et al. 2009; Farrell 

et al. 2014; Jordan and Gibbs 2019). While the temper and wall thickness of Koniag pottery 

varies by area (e.g., gravel at the Ayakulik River, sand at Kiliuda Bay, and no temper in the 

Olga Lakes area: Patrick Saltonstall, personal communication 2019), it is in general better 

fired than Thule pottery. 

 

 

Figure 7.2: Koniag pot (33 cm high). Adapted from: Clark, 1966: figure 7, courtesy of the University of 

Wisconsin Press. 

 

Technological advantages in both tools to hunt and fish (e.g., harpoons, sophisticated net and 

weir technologies), as well as tools for the processing and storing of foodstuffs (e.g., pottery) 

strongly improved methods of surplus harvesting of both riverine and marine resources, and 

ultimately may have facilitated the boom in population growth that is recorded for the Koniag 

146



period (Fitzhugh 2003; Steffian et al. 2006; West 2009, 2011). The role that pottery may have 

played in these local processes has never been investigated. Why was it adopted at this 

specific time and place in Kodiak culture-history? Investigating the function of Koniag 

pottery can shed light on this question. Ethnohistoric information indicates the use of Koniag 

pottery for the rendering of (marine mammal) oil (De Laguna 1939; de Laguna 2000). Based 

on the presence of thick and greasy encrustations on the interior, and sometimes exterior of 

the pottery, Knecht (1995: 375) also suggested oil rendering as the function of Koniag 

pottery. Furthermore, Knecht states that the lack of similar crusts on contemporary oil lamps, 

supports this theory because fat rendering produces crusts, but burning rendered oil does not 

(as much). Thule pottery from the coast of Bristol Bay was previously shown to have been 

used to process marine resources (Farrell 2013; Farrell et al. 2014), while pottery from Cape 

Krusenstern was used to process freshwater fish (Anderson et al. 2017). Where does Koniag 

pottery fit into the trajectory of pottery adoption and change in wider Alaska?  

 

Methods 

 

Thirty-five Koniag pottery vessels from a selection of 10 pottery-bearing sites (of a total of at 

least 43) on Kodiak Island and Chirikof Island were selected for analysis (see Supplemental 

Tables 2-4) to obtain a broad representative sample of pottery occurrence throughout the 

archipelago. In most cases it was possible to obtain both charred surface residues (ca. 20 mg 

for GC-MS and 1 mg for bulk isotopes), and ceramic samples (ca. 1 g).  
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Lipid Extraction of Ceramic and Charred Surface Residues 

 

Lipid residues were extracted of 38 ceramic samples (some vessels were extracted on both 

the interior and exterior for comparative reasons) and 35 charred food residue samples (one 

from each vessel). Lipid extraction was done using acidified methanol and following 

established protocols (Papakosta et al. 2015; Craig et al. 2013). This is a successful method 

for the extraction of lipids from archaeological ceramics and carbonized surface residues 

(Craig et al. 2013; Shoda et al. 2018; Lucquin et al. 2018). For this procedure methanol was 

added to the homogenized samples (4 mL to 1 g of ceramic powder, 1 mL to 20 mg 

foodcrust). Then the mixture was sonicated for 15 minutes. Subsequently sulphuric acid 

(H2SO4) was added (800 µL for ceramic powder, 200 µL for foodcrust) after which the 

samples were heated for four hours at 70 °C. The samples were then cooled and centrifuged 

at 3,000 rpm for 5 min. The supernatant was then transferred to a sterile vial and extracted 

using hexane (3 x 2 mL). The majority of samples were also silylated after this extraction 

procedure in order to determine the presence of dihydroxy acids. Silylation was done by 

adding 100 µL of BSTFA [N,O-bis(trimethylsilyl)trifluoroacetamide] and heating the sample 

at 70 °C for 60 min  (Hansel and Evershed 2009). The lipid extracts were then analyzed by 

gas chromatography–mass spectrometry (GC-MS), and GC–combustion–isotope ratio MS 

(GC-c-IRMS). 

 

GC-MS 

 

GC-MS analysis was carried out using an Agilent 7890A series chromatograph connected to 

an Agilent 5975C Inert XL mass-selective detector with a quadrupole mass analyzer (Agilent 

Technologies, Cheadle, Cheshire, UK). A splitless injector was utilized and kept at 300°C. 
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The GC column was directly inserted into the ion source of the mass spectrometer. The 

carrier gas was helium with a constant flow rate of 3 mL/min. The ionization energy of the 

MS was 70 eV, and spectra were obtained by scanning between m/z 50 and 800. A DB-5ms 

(5%-phenyl)-methylpolysiloxane column (30 m × 0.250 mm × 0.25 mm; J&W Scientific, 

Folsom, CA, USA) was utilized for scanning. The temperature was set at 50°C for 2 min, 

subsequently raised by 10°C/min until it reached 325°C, where it was held for 15 min. All 

samples were also analyzed on a DB-23 (50%-cyanopropyl)-methylpolysiloxane column (60 

m × 0.250 mm ×0.25 mm; J&W Scientific) in simulation (SIM) mode to identify aquatic 

biomarkers: isoprenoid fatty acids and ω-(o-alkylphenyl) alkanoic acids (Cramp and 

Evershed 2014), and to measure the ratio of phytanic acid diastereomers (Lucquin et al. 

2016a). The temperature was set at 50°C for 2 min and then raised by 10°C/ min until it 

reached 100°C, then raised by 4°C/min to 140°C, then by 0.5°C/min to 160°C, then by 

20°C/min to 250°C, where it was maintained for 10 min. The first group of ions (m/z 74, 87, 

213, 270) corresponding to 4,8,12-trimethyltridecanoic acid (TMTD) fragmentation, the 

second group of ions (m/z 74, 88, 101, 312) corresponding to pristanic acid, the third group 

of ions (m/z 74, 101, 171, 326) corresponding to phytanic acid, and the fourth group of ions 

(m/z 74, 105, 262, 290, 318, 346) corresponding to ω-(o-alkylphenyl) alkanoic acids of 

carbon length C16 to C22 were monitored, respectively. Helium was used as a carrier gas, with 

a flow rate of 2.4 mL/min. The distribution of the two diastereomers of phytanic acid was 

acquired by the integration of the ion m/z 101. 

 

GC-c-IRMS 

 

Thirty-seven samples representing 35 vessels were analyzed in duplicate for stable carbon 

isotope values of methyl palmitate (C16:0) and methyl stearate (C18:0) derived from precursor 
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fatty acids by GC-c-IRMS, following existing procedures (Craig et al. 2012). The equipment 

used for this analysis was a Delta V Advantage isotope ratio mass spectrometer (Thermo 

Fisher, Bremen, Germany) linked to a Trace Ultra gas chromatograph (Thermo Fisher) with a 

GC Isolink II interface (Cu/Ni combustion reactor held at 1,000 °C; or CuO combustion 

reactor held at 850 °C). Ultrahigh-purity-grade helium with a flow rate of 2 mL/min was used 

as a carrier gas, and parallel acquisition of the molecular data was achieved by deriving a 

small part of the flow to an ISQ mass spectrometer (Thermo Fisher). Hexane was used to 

dilute the samples, and 1 μL of each sample was injected into a DB-5MS ultra-inert fused-

silica column (60 m × 0.25 mm × 0.25 µm; J&W Scientific). The temperature was set at 50 

°C for 0.5 min and raised by 25 °C/min to 175 °C, then raised by 8 °C/min to 325 °C, where 

it was held for 20 min. A clear resolution and a baseline separation of the analyzed peaks was 

achieved.  

 

Eluted products were ionized in the mass spectrometer by electron impact, and ion intensities 

of m/z 44, 45, and 46 were recorded for automatic computing of the 13C/12C ratio of each 

peak in the extracts. Computation was made with Isodat (version 3.0; Thermo Fisher) and 

IonOs (version 3.2; Elementar) softwares and was based on comparisons with a standard 

reference gas (CO2) of known isotopic composition, which was repeatedly measured. The 

results of the analysis were expressed in per mille (‰) relative to an international standard, 

Vienna Pee Dee belemnite (VPDB). The accuracy of the instrument was determined on n-

alkanoic acid ester standards of known isotopic composition (Indiana standard F8-3). The 

mean±standard deviation (SD) values of these were -29.65±0.03‰ and -23.15±0.09‰ for the 

methyl ester of C16:0 (reported mean value vs. VPDB −29.90±0.03‰) and C18:0 (reported 

mean value vs. VPDB −23.24± 0.01‰), respectively. Precision was determined on a 

laboratory standard mixture injected regularly between samples (73 measurements). The 

150



mean±SD values of n-alkanoic acid esters were -30.58±0.11‰ for the methyl ester of C16:0 

and -26.08±0.10‰ for the methyl ester of C18:0. Each sample was measured in replicate 

(average SD is 0.21‰ for C16:0 and 0.24‰ for C18:0). Values were corrected subsequent to 

analysis to account for the methylation of the carboxyl group, which occurs during acid 

extraction. Corrections were based on comparisons with a standard mixture of C16:0 and C18:0 

fatty acids of known isotopic composition, processed in each batch under identical 

conditions. 

 

Bulk Isotope Analysis (EA-IRMS) 

 

Thirty-five surface (bulk) residue samples of the pottery sherds were analyzed by elemental 

analysis–isotope ratio MS (EA-IRMS). The carbonized surface residue samples were ground 

to a homogenized powder and were then weighed out in duplicate into tin capsules (~0.9 mg). 

The bulk stable nitrogen (δ15N) and carbon (δ13C) isotope values were measured based on 

formerly described methods (Craig et al. 2007) The precision of the instrument on repeated 

measurement was ±0.2‰ (standard error of the mean), δ13C, δ15N =[(Rsample/ Rstandard − 

1)] × 1,000, where R=13C/12C and 15N/14N. Accuracy was determined by measurements of 

international standard, and in-house reference materials within each analytical run. 

International standards were IAEA 600 δ13Craw = −27.67±0.07, δ13Ctrue= −27.77± 0.04, 

δ15Nraw =0.84±0.16, δ15Ntrue=1.0±0.2; IAEA N2 δ15Nraw =20.37±0.14, δ15Ntrue=20.3±0.2; IA 

Cane, δ13Craw = −11.77±0.11, δ13Ctrue= −11.64±0.03. The in-house standard was Sigma fish 

gelatine δ13Craw= −15.25±0.12, δ13Ctrue= −15.32±0.03, δ15Nraw= 15.2±0.19, δ15Ntrue= 

15.2±0.12. Data were normalized with respect to these international standards. All samples 

with % N values below 1% and % C below 10% were excluded.  
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Results from Organic Residue Analysis 

Lipid Biomarkers 

 

A total of 76 samples from 35 sherds were analyzed by GC-MS and all samples yielded 

interpretable lipid quantities (i.e., >5 μg g-1 for ceramic, and >0.1 μg g-1 for foodcrust). Lipid 

preservation in general is exceptional and lipid concentrations are very high: ceramic samples 

range from 25 to 6,013 μg g-1 (mean = 2,050 μg g-1) and foodcrust samples from 391 to 

52,313 μg g-1 (mean = 13,312 μg g-1) (see Table S3). All samples exhibit a full range of 

aquatic biomarkers consisting of ω-(o-alkylphenyl) alkanoic acids (APAAs) of carbon length 

16 to 22 and all three isoprenoid fatty acids. APAAs of carbon length 20 to 22 are formed 

during the prolonged heating of polyunsaturated fatty acids that occur in aquatic organisms 

(Hansel et al. 2004). The presence of these compounds thus excludes the possibility of 

contamination and suggests the direct use of the pottery vessel to process aquatic resources 

using heating. Isoprenoid acids are degradation products of phytol and occur widely in 

marine organisms. However, phytanic acid is also present in ruminant animal tissues. The 

ratio of SSR:SRR diastereomers of phytanic acid (SSR%) allows to differentiate between 

these sources (Lucquin et al. 2016a). The vast majority of Koniag pottery shows high SRR% 

values, indicative of an aquatic origin of the phytanic acid (fig. 7.3). Two samples (XTI96-66 

and 68) stand out with values that are more expected for ruminants. Interestingly, SRR% 

values seem to differ slightly among sites, with lower values at the riverine sites of Kusuuq 

Taquka’ag (KAR-232 = 84.2) and Lower Flats Village (KAR-187 = 88.5), and high values at 

the coastal sites of Three Saint Bay (KOD-83, mean = 94.7), and Refuge Rock (KOD-450, 

mean = 96). 
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Figure 7.3: Percentage of SSR diastereomer in total phytanic acid in Koniag pottery compared with modern 

ruminant and aquatic resources (Lucquin et al. 2016a) 

 

Further evidence for the processing of aquatic resources is seen in the presence of dihydroxy 

acids in acid extracts following conversion to their TMS esters. These compounds are the 

degradation products of Z-monounsaturated alkenoic acids (Hansel and Evershed 2009; 

Hansel et al. 2011). Dihydroxy acids were identified in 19 of 35 analyzed samples, of 

particular interest is the presence of 11,12- dihydroxydocosanoic acid in 10 of these samples. 

This compound derives from 11-docosenoic acid (cetoleic acid), the most abundant C22:1 fatty 

acid isomer in aquatic organisms. Combined, these results constitute unequivocal evidence 

for the processing of aquatic resources in these pottery vessels.  
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59% (45/76) of all samples contained derivatives of the triterpene abietic acid that is found in 

coniferous (Pinaceae) resin. The presence of these compounds (methyl-dehydroabietic acid, 

7-oxo-dehydroabietic acid, and retene) may be the result of the firing of the pottery, its use as 

a cooking vessel, or the resins could have been used to make the vessel waterproof. The 

presence of retene in 30 of the samples excludes the possibility of contamination as this 

compound only forms during prolonged heating (Simoneit et al. 2000). The presence of 

polycyclic aromatic hydrocarbons (PAH) of low molecular weight (anthracene, pyrene) in 

47% (36/76) of the samples further supports the formation of these compounds due to low-

temperature combustion such as wood burning. Benzene polycarboxylic acids (BPCA) are 

formed from PAH and are also widely present in the samples (87% 66/76). Interestingly, the 

presence of these compounds is more abundant on the interior of the pottery than on the 

exterior. While its occurrence in the ceramic matrix versus that in surface (foodcrust) residues 

appears more equally distributed. Other terpenes are generally absent, with the exception of 

one sample (KAR9-69) that shows a presence of the triterpene Friedelan-3-one. Evidence for 

the processing of plant resources in these pottery vessels is in general very poor. The 

presence of several sterols (e.g., 7-dehydro-Stigmasterol, Stigmasta-3,5-diene, β-Sitosterol 

acetate) in nine of the samples may indicate some addition of plant materials to the sample, as 

does the presence of trace amounts of mid to long-chain alkanes, but in general this 

contribution appears to be negligible and may in fact be the result of contamination from the 

burial environment.  

 

Bulk Isotopes  

 

The bulk isotope data (fig. 7.4) further supports the overall aquatic nature of the samples with 

90% (26/29) of the δ13C values less than −25‰ (Table S4). These results are comparable to 
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other sites in coastal regions where pottery was used to process aquatic resources (Craig et al. 

2013; Oras et al. 2017; Admiraal et al. 2019; Gibbs et al. 2017; Shoda et al. 2017). Nitrogen 

in the crusted residues is derived from proteins and reflects the trophic level of the organism 

that was processed in the vessel. δ15N values are, except two, all above 10‰ (fig. 7.4) 

indicative of aquatic organisms. These values can be compared to reference values of bone of 

both archaeological and modern fauna from Alaska and Canada by assuming that the δ15N in 

the ceramic samples and carbonized crusts are derived from animal tissue protein. Therefore, 

we applied the formula Δ15Ntissue–collagen = ~ +2‰ to all bone values to make them comparable 

to our pottery results (Fernandes et al. 2015). While mostly above 10‰, the range of δ15N 

values of our samples is at the lower end of the marine range (ranging from 9.34 to 16.61 ‰). 

These results seem more in line with reference data of anadromous fish. However, lower 

trophic level marine mammals such as bearded and ringed seal, bowhead, right and fin whale, 

sea otter, and walrus, have corrected nitrogen values that range from 11.82 to 21.09 ‰ (based 

on reference values from (Coltrain et al. 2004; Admiraal et al. 2019; Byers et al. 2011)). 90% 

(26/29) of the Koniag pottery samples fall within this range.  

 

C/N atomic ratios may indicate the contribution of proteins versus lipids and/or other 

compounds such as carbohydrates. Although highly variable, the atomic C/N ratios of Koniag 

pottery food crusts are relatively high when compared to cooking pottery from Sakhalin 

Island (Gibbs et al. 2017), this may indicate a higher lipid content. The Koniag pottery 

samples are more comparable to stone bowls from the Aleutian Islands, thought to have been 

used to render marine mammal fat into oil (Admiraal et al. 2019), as well as to European 

Mesolithic ‘blubber lamps’ thought to have been used to burn marine mammal oil for light 

and warmth (Heron et al. 2013).  
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Figure 7.4: Bulk isotope results of Koniag pottery (orange circles) compared with Sakhalin pottery (open 

diamonds) (Gibbs et al. 2017), European oil lamps (open upward triangles) (Heron et al. 2013; Piezonka et al. 

2016; Oras et al. 2017), and Aleutian stone bowls (open downward triangles: Admiraal et al. 2019) against 

archaeological bone collagen reference data from northern North America (Admiraal et al. 2019; Britton et al. 

2013; West and France 2015; Misarti et al. 2009; Byers et al. 2011; Coltrain et al. 2004, 2016). The collagen 

δ15N values were adjusted by +2‰ to correct for the collagen to tissue offset in order to make these values more 

comparable with the food crusts (Fernandes et al. 2015).  

Another theory that could explain these values is that some of these pots could in fact contain 

a substantial amount of carbon derived from processing plants. These are low in lipids, 

relatively low in proteins, and high in carbohydrates (e.g., particular starchy plants) leading to 

high C/N ratio values. The mixing of aquatic lipids with plants could result in lower δ15N 

values and increased C/N ratios as is seen at the Zamostje 2 site in northeastern Russia 

(Bondetti et al. 2019). However, this trend is not as pronounced in our data, and contrary to 

the Zamostje 2 material, there is little evidence for plant biomarkers in our samples. It 
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must be stated however, that plants are low in lipids which may lead to an 

underrepresentation of plants in the sample, especially in samples as rich in aquatic oils as 

ours. Furthermore, starchy plants (e.g., Fritillaria camschatcensis, or “chocolate lily”) are 

known to have been exploited in southwest Alaska (Unger 2014), so the possibility should be 

considered. Given the exceptional molecular preservation in the Kodiak burial environment 

we deem it unlikely that microbial degradation or percolation by groundwater led to a loss of 

protein and consequently increased C/N ratios (Heron and Craig 2015). 

 

Compound Specific Isotopes 

 

Lipid biomarkers and bulk isotope values have provided unequivocal evidence for the 

processing of aquatic resources in Koniag pottery. By analyzing stable isotopes of individual 

fatty acids C16 and C18 we further differentiate within the aquatic spectrum based on habitat 

(marine, anadromous or freshwater). δ13C values of marine species are relatively enriched 

when compared to anadromous species such as salmonids, and even more so when compared 

to freshwater species. The Koniag pottery samples show clear marine and anadromous carbon 

isotope values (fig. 7.5, Table S4). Contrary to our expectations, the majority of samples are 

distributed within the marine range. However, some are more depleted and are comparable to 

modern salmonid values, correlation to the bulk isotope results of these samples shows high 

variability. Two samples (RB17-79 and KOD83-35) are more depleted in δ13C18:0 indicating a 

possible wild ruminant origin for these samples. However, sample KOD83-35 is no pottery 

sample. It was collected from a clay ball with a round cobble in the centre. The use of this 

artifact is unknown although it has been suggested that it may have functioned as a cooking 

stone (Crowell 1997). We may conclude from these results that Koniag pottery was 

predominantly used to process marine and possibly also anadromous species. 
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Figure 7.5: Gas chromatography–combustion–isotope ratio mass spectrometry results showing isotopic values 

of C16:0 and C18:0 fatty acids of Koniag pottery (orange dots), compared to reference data of modern tissue and 

bone from the Northern Hemisphere plotted in 66,8% confidence ellipses (Choy et al. 2016; Craig et al. 2011; 

Horiuchi et al. 2015; Lucquin et al. 2016b; Paakkonen et al. 2017; Taché and Craig 2015). 

 

 

Discussion 

 

The analysis of 35 Koniag pottery sherds from 10 sites on the Kodiak Archipelago have 

yielded consistently clear results. All pottery was used to process either marine mammals 

such as porpoises, marine fish such as Pacific cod, and/or anadromous fish such as all five 

species of Pacific salmon abundant in Kodiaks river systems. Why was pottery used for these 

processes, why at this specific point in time, and why just in southern Kodiak? Compound 

specific isotope results have allowed for some differentiation between the use of pottery for 
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marine and/or riverine resources, however a number of samples plot within the overlap 

between these two categories and should be interpreted with caution as this may be the result 

of mixing of resources of different isotopic composition. While this creates some uncertainty, 

it is clear that the majority of the samples is somewhat more depleted in δ13C than purely 

marine values as seen for example in the Aleutian Islands (Admiraal et al. 2019). This may 

indicate mixing with plant resources, or a large contribution of anadromous fish to the 

sample. The latter seems more likely as plant biomarkers were very few in these samples.  

 

Indications for the Processing of Marine Resources 

 

The majority of samples (70%) show isotopic evidence for the processing of marine 

resources. It stands out that pottery vessels from coastal prehistoric sites such as Karluk One 

(KAR-1), Old Karluk (KAR-31), Rolling Bay (KOD-101), Younger Kiavak (KOD-99), and 

Kumluk (KOD-478), as well as contact-period sites such as Three Saints Bay and Refuge 

Rock, all show predominantly marine isotope signatures. While these results are in line with 

faunal remains at most above mentioned sites this is not the case for all sites. Interestingly the 

practice of surplus salmon-harvesting is well documented at the Karluk One and Old Karluk 

sites on the Karluk River. At these sites salmon is in fact the most numerous species in faunal 

assemblages. Furthermore, the tested pottery sherds from Old Karluk were found in a midden 

of exclusively fish bones, but still plotted marine (West 2009; Steffian and Saltonstall 2016).  

 

Enormous amounts of salmon arrive at these sites in a short period of time creating a huge 

seasonal resource spike. Processing these mass-harvested resources needs to be done 

efficiently and fast. Contextual information from these sites indicates that salmon was 

processed and stored in clay-lined pits (Steffian and Saltonstall 2016) (p. 45). More 
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specifically, these basins, also referred to as Chekalina pits, were probably used for the 

fermentation of salmon. Heizer (1956) states that at Cook Inlet the “salmon were put into 

them, allowed to decay, and permitted to freeze once. The freezing killed the maggots and the 

mass was then considered edible.” (p. 30). Evidence of salmon fermentation in clay-lined pits 

is present on Kodiak in the remains of salmonid bones inside these features.  

 

Interestingly, clay-lined pits and pottery co-occur at most of the sites mentioned above 

(Karluk One, Younger Kiavak, Three Saints Bay, Kumluk, and Refuge Rock, see fig. 7.1). 

This suggests a different function between these two co-occurring technologies, further 

supporting the theory that clay-lined pits were used to ferment salmon, as opposed to 

processing marine resources, for which the pottery was used. Salmon was also fileted, dried 

or smoked at Karluk One, which does not require the use of pottery (Steffian et al. 2015). 

Pottery is scarce at sites on the well-surveyed Karluk River (only reported at Karluk One and 

Old Karluk), especially when compared to other areas further south such as the Ayakulik 

River and the Olga Lakes region. Our results indicate that pottery at the Karluk sites did not 

play a role in salmon processing, but was indeed used for a very different practice: the 

processing of marine fats.  

 

It is not possible to make a distinction between marine fish and marine mammal species on 

the basis of our results. Contextual information indicates either possibility, with abundant 

whale bones present at the Rolling Bay and Kiavak sites, while marine fish (e.g., cod) is 

abundant in the faunal assemblages at Kumluk and Three Saints Bay. It should be kept in 

mind that Rolling Bay and Kiavak by far produced the largest amount of pottery in the 

archipelago with up to 200 vessels at the sites combined. At the sacred site of Awa’uq 

(meaning: to become numb in Alutiiq language) or ‘Refuge Rock’, pottery was presumably 
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used to store water during the Russian attack and subsequent bloodbath led by Gregori 

Shelikhov in August 1784 (Knecht et al. 2002). Possibly the pottery had another function 

before this tragic event, explaining the marine isotope values and rich lipid concentrations. It 

is also possible that the Alutiiq people seeking refuge on Refuge Rock in 1784 brought sea 

mammal oil with them to provide them with the necessary vitamins and nutrients to survive 

at this isolated location for a prolonged period of time.  

 

Indications for the Processing of Riverine Resources 

 

While the majority of Koniag pottery portrayed marine isotope values, some samples showed 

values comparable to those of anadromous fish. It is not surprising that these more depleted 

δ13C values are all found at sites that have been defined as summer salmon harvesting and 

processing camps. These sites are located slightly more inland (~15 km) and are situated 

along rivers and creeks (fig. 7.1). For instance, at Kusuuq Taquka’ag and Lower Flats Village 

salmon was the most abundant species in faunal assemblages (e.g., at Kusuuq Taquka’ag 

salmon represents 95% of the total identified faunal assemblage). Interestingly, at Lower 

Flats Village a pottery vessel was excavated with clams and other marine foodstuffs still 

inside the vessel. Only one sample of this site was tested and this sample showed depleted 

carbon isotope values indicative of anadromous fish or mixing, more extensive research is 

needed to explore the contribution of seafood at this site.  

 

Another depleted δ13C value has been recorded for the Upper Station Site (KAR-9) on the 

shore of Olga Bay. This site has also been interpreted as a summer fishing camp (Saltonstall 

and Steffian 2007). A very high C/N ratio for this sherd (33) indicates an oily substance was 

processed in this pot with very little addition of protein. This may indicate the pottery was 

161



used for the processing or storage of fish oil. C/N ratios seem to be lower at riverine sites 

(excluding the high value at Upper Station and one sample from KAR-232). At these riverine 

sites pottery was rare. It is possible that these pots arrived as import products from the coast 

after which they were used for more general purposes such as cooking various resources 

including meat and carbohydrates from plants, explaining the C/N ratios.   

 

On Chirikof Island salmon is known to have been harvested for the past 1,000 years. Based 

on material culture the human presence on this remote and barren island was connected to the 

Koniag phase of Kodiak. While Chirikof Island is part of the Kodiak Archipelago it is in fact 

located some 100 km to the southwest. It is unlikely that people from Kodiak went through 

the trouble of getting to this place just for the prospect of salmon fishing in Chirikofs small 

creeks (Witteveen and Foster 2016). There must have been additional reasons. Nonetheless, 

indeed two samples from the XTI-96 site showed depleted carbon isotope values indicating 

salmonid processing or possibly mixing between resources. Mixing should be considered 

here, as these two samples showed ruminant values of phytanic acid ratios (fig. 7.3). The 

third sample from XTI-96 (67) plotted further into the marine range and showed a clearly 

aquatic SRR% value.  

 

Indications for the Processing of Terrestrial Resources 

 

Two samples from Kodiak yielded carbon isotope values that approach the wild ruminant 

range (fig. 7.5). Interestingly, these ceramic samples also had much lower lipid 

concentrations (~80 ug g-1) than mean (2,050 μg g-1), and they were also lacking food crusts. 

While all other samples in this study originate from pottery, one of these two samples is in 

fact from a different type of artifact: a clay ball (ø 75 cm) with a cobble core, from the 
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historic Russian colony of Three Saints Bay, excavated from a cooking area (Crowell 1997). 

The Russians kept 4 cows and 12 goats at the site. While these were luxury products that 

were reserved for Russian officials only (Clark 1985; Crowell 1997), there is a possibility 

that the clay ball was in some way used in the processing of ruminant products, for example 

as a boiling stone. Interestingly, isoprenoid acids were present on this artifact, but APAAs 

were not. The function of this artifact remains largely unclear.  

 

The only other evidence uncovered for the use of terrestrial resources were the two deviating 

SRR% values from Chirikof Island described above, this hints at a ruminant origin of the 

samples. However, carbon isotope values of these same samples show clear salmonid values 

(Supplemental Table 3), and the presence of all three isoprenoid acids and a full range of 

APAAs further supports the aquatic origin for these samples.  

 

The Southeast-Oriented Distribution of Pottery Sites  

 

In the introduction we proposed two models to explain the limited uptake of pottery on 

Kodiak Island. We suggested that the location of the most productive salmon rivers in the 

south of Kodiak may have played an important role in pottery distribution. However, our 

results do not support this theory and are more compliant with model 2 as proposed in the 

introduction. The majority of our samples showed clear marine isotope values, even at known 

salmon harvesting sites. This suggests that pottery was a specialist technology embedded in 

the processing of marine animals. Furthermore, pottery abundance and ceramic-sites on the 

eastern coast seem to be much higher (e.g., at least 200 vessels at Rolling Bay and Kiavak), 

than at inland riverine sites towards the west (e.g., 6 sherds at Upper Station; 13 sherds at 

Kusuuq Taquka’ag). This further implies that pottery function was mainly connected to 
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marine resource processing. Nonetheless, marine wildlife is abundantly present all along 

Kodiaks coastlines, so this does not explain the limited adoption of pottery technology on the 

island. 

 

The migratory routes of sea mammals may play a significant role in pottery distribution as 

suggested previously by Knecht (1995:375). For instance, grey whales, humpback whales and 

fur seals are known to follow the Alaska Current off of Kodiaks east coast. Furthermore, the 

colder temperatures of the Little Ice Age (ca. AD 1350 - 1900) may have shifted migratory 

routes of sea mammals further offshore, making some areas unsuited for hunting these 

species (Knecht 1995). We investigated this phenomenon spatially by plotting Koniag sites 

that have been reported in the Alaska Heritage Resources Survey database (accessed May 11, 

2019) to yield whale bones. This confirms that Koniag whaling sites cluster along the 

southeastern coast. Interestingly, this distribution matches the location of pottery sites very 

closely (see fig. 7.6). While there is no significant co-occurrence of pottery and whale 

remains (n = 8, of a total of 48 pottery sites and 36 sites with whale remains), this may 

however be a result of non-complete data in the AHRS database. Nonetheless, the 

overlapping spatial distribution of these sites is remarkable. Furthermore, on the Alaska 

mainland, pottery-using Thule groups also focused a major part of their subsistence on 

whaling, further suggesting a connection between pottery and whaling during late Alaskan 

prehistory (Dumond 2011). Building on our lipid results, as well as on this contextual 

information we suggest that it is possible that pottery was in fact a tool inherent to the 

processing of whales, and may even have been adopted for this reason.  
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Figure 7.6: left: Koniag sites with pottery (orange); right: Koniag sites with reported whale bones (yellow) as 

registered in the Alaska Heritage Resources Survey (AHRS) database.  

 

Our data suggests a particular activity area was in place along the southeastern coast that 

included whaling and pottery use. But what was happening along the frontiers of this limited 

pottery adoption area? Why was pottery technology not transferred to other groups of people? 

We explored the existence of social boundaries on Kodiak to better understand the rejection 

of pottery by some groups on the Kodiak archipelago. Several lines of evidence suggest that 

social differentiation increased dramatically during the Developed Koniag stage. While many 

similarities in artifact types and stylistic aspects of those artifacts indicate a shared sense of 

common culture throughout the archipelago, and even the greater Gulf of Alaska (Steffian et 

al. 2016) as well, increasing varieties in for example, labret styles clearly portray social 

differentiation (Steffian and Saltonstall 2001).  

 

Furthermore, differences between the north and south of the island are reflected in several 

aspects. A subtle, but culturally significant difference in the Koniag Alutiiq dialect is 
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apparent between north and south (Fine 2019; Laktonen Counceller 2012). Differences are 

also seen in the distribution of certain materials and artifact styles. There may be a deep 

history of social divisions on Kodiak, as is reflected in the presence of red chert in Ocean Bay 

sites at Kiliuda Bay and Old Harbor, whereas the raw material is absent in sites of the same 

age near Kodiak city (Steffian et al. 2006). The same pattern is seen for pottery which is 

abundant at sites on Kiliuda Bay, but absent on the neighboring Ugak Bay. This is also 

observed on the southwestern side of the island, where pottery is abundant on the Ayakulik 

River, but only rarely observed on the well-surveyed Karluk River (Patrick Saltonstall, 

personal communication 2019).  

 

Interestingly, incised pebbles that are found throughout the Kachemak and Koniag period 

also seem to be more abundant in the north, and hardly occur at pottery sites. Sites where 

incised pebbles are abundant are: Karluk One (n=241); Monashka Bay 1 (n=147); Uyak 

(n=86); Kizhuyak (n=60); and Crag Point (n=40). While most of these sites are located in the 

north, Karluk One and the Uyak site are positioned more towards the southwest. At Karluk 

One, pottery was found, however it was not abundant, with a minimum of 7 vessels (see 

Supplemental Figure 1 for the different rim shapes at Karluk One), and only 79 sherds total 

from one single house feature (Knecht 1995). Upon further investigation a pattern stands out 

where low numbers of incised pebbles are found at sites with abundant pottery (e.g., Rolling 

Bay n=3; KAR-6 n=1; Kiavak n=4; Kumluk n=1; Old Karluk n=3), and high numbers of 

incised pebbles are mainly occurring in the northern non-ceramic Koniag sites.  

 

It is very probable that a localized sense of community and identity played a significant role 

in the adoption or rejection of pottery technology. This is seen elsewhere in the world as well, 

for example among hunter-gatherer groups of the Baltic shores of northern Scandinavia. 
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Here, at the northwestern frontier of pottery dispersal in Eurasia, one group used pottery, 

while a neighboring group did not (Hallgren 2009). Hallgren (2009:389) explains the 

reluctance to adopt pottery by the people of Mälardalen in a simple way: “because they were 

not people that practiced the craft of pottery”, and stresses that social identity is not only 

defined by the practices we take part in, but also by those we choose not to engage in. Thus, 

the presence or absence of pottery may be indicated as a mark of social identity. Pottery 

could even be described as an important symbol of (group) identity, as it is a highly visible 

and recognizable artifact class (Skandfer 2009). The limited distribution of pottery on Kodiak 

Island, along with other indicators of differences between north and south Kodiak, supports 

this idea of pottery as an artifact that is strongly connected to social identity. 

  

The Drivers of the Delayed Pottery Adoption on Kodiak 

 

The question why pottery was adopted so late in Kodiak culture-history has been raised 

before but remains largely unanswered. Looking at Kodiak culture history (see Table 1 for a 

synthesis) a few patterns stand out that may contribute to understanding this delayed 

adoption. First of all, Kodiak Island material culture translates into a continuous, highly 

independent and in situ cultural development. Contact with other areas such as the Alaska 

Peninsula, the Aleutian Islands or even the Kenai Peninsula and Cook Inlet is rare before the 

Late Kachemak and Early Koniag periods. A lack of exposure, due to a strong sense of social 

identity and an accompanying urge to keep to one's own, could explain why this innovation 

was not adopted on Kodiak in an earlier stage, as the probability of adoption is often inherent 

to the extent of exposure to a new innovation (Eerkens and Lipo 2014) 
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However, pottery technology was not entirely unknown to Kodiaks inhabitants. A few 

isolated finds (at Monashka Bay and Crag Point: see fig. 1) of Norton pottery in the north of 

Kodiak indicates that (limited) knowledge of pottery technology was present on the island as 

early as 1570 ± 60 radiocarbon years BP during the Late Kachemak (Donta 1995; Clark 

1970; Mills 1994: 143). Moreover, the first use of clay for storing and cooking practices on 

Kodiak in the form of clay-lined pits dates to the Early Kachemak period (4,000 - 2,700 cal 

BP). These pits have been interpreted to have been used for the processing of fish (e.g., 

fermentation) and are often found with fire cracked rocks and fish bones in-situ (Steffian et 

al. 2006). Interestingly, during Koniag times these features occur in the same levels as pottery 

(at Kiavak, Refuge Rock, Three Saints Bay, McCord Bay and Kumluk, see fig. 7.1), 

suggesting that their functions are different. As clay-lined pits are thought to have been used 

for fermenting salmon, this is in line with our results, which indicate a predominant marine 

function for Koniag pottery (especially at these sites) (Steffian and Saltonstall 2016).  

 

Nonetheless, clay-lined pits technologically differ significantly from pottery, which has the 

benefits that it can be heated directly over an open flame, and it is portable. Both these 

advantages may have played an important role in the adoption of pottery on Kodiak. As 

social organization grew more complex during the Koniag stage, contact with the pottery-

using groups on the Alaska Peninsula increased and so did the exposure to pottery as an 

innovative technology. Furthermore, pottery as a tool to process aquatic resources, could 

significantly add to the surplus of a diversity of food products and as a result to status and 

wealth. It may have been important in rapidly expanding trade and exchange networks as it 

could be used for transporting liquid commodities such as marine mammal oil. While these 

products were probably not new to the archipelago, it seems unlikely that they were produced 

in surplus for trade before. 
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Pottery is an invaluable tool for the production of oils and was possibly an important 

innovation in the methods with which the Koniag could render aquatic oils. Using direct 

heating, fat could now be rendered into oil quickly and controlled. Other methods involve 

storing the fat for prolonged periods of time in storage pits where it slowly self-rendered into 

oil, a method with a success rate highly dependent on stable local temperatures, and above all 

time consuming (Frink and Giordano 2015; Admiraal et al. 2019). Based on ethnohistoric 

descriptions of pottery use, and the presence of thick encrustations on the interior, and 

sometimes exterior of the pottery, (Knecht 1995:375) suggested that Koniag pottery was 

indeed used for the rendering of marine mammal fat into oil. The majority of our data 

confirms this theory.  

 

Marine mammal oils are historically well-known to have been traded from coastal 

communities to the inland along so-called “grease trails” in other areas of the Pacific 

Northwest (Hirch 2003). It is quite possible that a similar situation existed on Kodiak, where 

marine mammal oils from the southeast coast of the island could have been traded to other 

regions. This may be reflected in the low numbers of pots at the Karluk One and Old Karluk 

sites, indicating these pots were possibly not produced there but brought in carrying a trade 

product. This becomes especially apparent when considering the contrast with the southeast 

coast, where hundreds of vessels were present at Koniag sites (see fig. 7.1). Furthermore, the 

tested pots from the Karluk sites held marine foodstuffs, while these sites were characterized 

as salmon harvesting localities.  

 

  

169



Conclusion 

To investigate why pottery on Kodiak Island was only partially adopted, and why its adoption 

was significantly delayed, we analyzed 31 Koniag pottery vessels from 10 different sites by 

organic residue analysis and stable isotope analysis. We found that, while pottery function is 

somewhat variable depending on geographic location, Koniag pottery was predominantly 

used to process marine resources, possibly for the heated rendering of sea mammal oil, 

confirming the argument of Knecht (1995:375). This result is in line with the limited 

distribution of ceramic Koniag sites which were mainly restricted to the southeast outer 

Kodiak coast. This was the main part of Kodiak where whaling was practiced (fig. 7.6), and 

we suggest that the overlapping spatial distribution of pottery sites and whaling sites is in fact 

significant and suggests a connection between the two. This theory is supported by the lipid 

results.  

The practice of whaling was inherent to other important processes that started already in the 

Late Kachemak period at ca. 2,700 cal BP. Population growth, particularly in the 

Koniag period, led to stress on resources, which led to subsistence diversification but also 

increased territoriality and social differentiation. The uneven occurrence of incised pebbles, 

varieties in labret styles (Steffian and Saltonstall 2001), as well as linguistic 

differences (Laktonen Counceller 2012), attest to the distinction between the north and 

south of Kodiak. We suggest that social boundaries on Kodiak, linked to different 

identities and different kinds of economic practice, played an important role in the 

rejection of pottery by northern groups.  

The delayed adoption of pottery on Kodiak may be explained in a similar fashion, but on 

a greater scale. In the light of the more complex social organization of Koniag culture, 
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networks expanded. For the first time the inhabitants of Kodiak were increasingly exposed to 

pottery as an innovative technology from the neighboring Alaska Peninsula. This eventually 

led to its partial adoption by a Koniag group that practiced whaling, much similar to the 

subsistence focus of pottery-using Thule groups of the mainland. We suggest that pottery 

played a role in the local trade of sea mammal oil from the outer coast villages of Kodiak, to 

other areas on the island. This function is confirmed by lipid residue analysis and its 

interpretation fits with the abundance of pottery on Kodiaks southeastern coast, and its 

limited occurrence at sites in other areas. In conclusion, by investigating several lines of 

evidence the reasons for the delayed and partial adoption of pottery on Kodiak Island have 

become much clearer. Nonetheless, many intriguing questions concerning this subject 

remain, and offer a wealth of possibilities for novel research in the future. 
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Supplemental Table 1: list of sites as plotted in figure 1

# map Site ID (AHRS) Alternative site name Pottery y/n
Clay-lined 

pits y/n Comments

AFG-00012 no

AFG-00146 Bay Junction House pits no

AFG-00015 Settlement Point no yes

AFG-00163 Malina midden no

AFG-00225 Back Bay site no

AFG-00029 no

AFG-00081 no

KAG-00011 Bert point yes

KAG-00006 Middle Goose Island yes

KAG-00007 Jay Bay Spit yes

KAG-00009 Shag Bluff yes

KAR-00006 Cannery Cove yes

KAR-00007 Akalura Creek yes

KAR-00029 KAR-029 no

1 KAR-00001 Karluk One yes Sampled for residues

KAR-00100 yes

KAR-00011 Upper Lake yes

KAR-00012 yes

KAR-00147 Big bend village no

KAR-00153 Rapids house no

KAR-00154 yes

KAR-00186 yes

3 KAR-00187 yes Sampled for residues

4 KAR-00232 yes Sampled for residues

KAR-00235 yes

KAR-00244 yes

KAR-00251 yes

KAR-00252 Iterwik no

KAR-00253 yes

KAR-00274 yes

2 KAR-00031 Old Karluk yes Sampled for residues

KAR-00034 Meadow Creek no

KAR-00035 Pinnell site no

5 KAR-00009 Upper Station yes Sampled for residues

KOD-00190 no

KOD-00100 Nuumirat Amlertut no

8 KOD-00101 Rolling Bay yes Sampled for residues

KOD-00104 Horse Marine Lagoon 1 yes

KOD-00105 Horse Marine Lagoon 2 no

KOD-00106 Natalia Point no

KOD-00110 Proklytovskoe no

KOD-00111 Cozy Cove no
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# map Site ID (AHRS) Alternative site name Pottery y/n
Clay-lined 

pits y/n Comments

KOD-00112 McCord Bay, SAS-31 yes yes

KOD-00114 Tanginak Anchorage 1 yes

KOD-01145 Long Island Village no

KOD-00116 yes

KOD-00117 Seal Lagoon yes

KOD-00118 yes

KOD-00121 no

KOD-00122 yes

KOD-00129 Myrtle Creek site no

11 KOD-00145 Uyak, Our Point no yes

KOD-00190 Site Y no

KOD-00204 Pinnell site no

KOD-00022 Lond Island site no

KOD-00224 no

KOD-00251 no

KOD-00252 no

13 KOD-00026 Monashka Bay 1 yes yes Norton

KOD-00032 no

KOD-00328 no

KOD-00343 no

KOD-00035 Pineapple Cove no

KOD-00350 no

KOD-00379 McDonald Lagoon Spit yes

KOD-00405 Twin Mounds yes

KOD-00414 Cape Uganik house pits no

KOD-00415 Horseshoe Bay Midden no

KOD-00042 Anton Larsen Bay West no

KOD-00043 Kizhuyak site; KOD-00324 no 

12 KOD-00044 Crag Point yes yes Norton

10 KOD-00450 Refuge Rock yes yes Sampled for residues

KOD-00473 no

KOD-00477 no

9 KOD-00478 Kumluk yes yes Sampled for residues

KOD-00479 no

KOD-00480 no

KOD-00485 SAS-17 yes

KOD-00491 SAS-24 yes

KOD-00499 no

KOD-00520 SAS-66 yes

KOD-00525 SAS-77 yes

KOD-00532 no

KOD-00539 SAS-97 no

KOD-00575 SAS-140 no

KOD-00576 no

175



# map Site ID (AHRS) Alternative site name Pottery y/n
Clay-lined 

pits y/n Comments

KOD-00058 yes

KOD-00068 Pasagshak Bay 2 yes

KOD-00083 Three Saints Bay yes yes

KOD-00085 no

KOD-00854 Cross fox bluff no

KOD-00086 Cape Liakik yes

KOD-00094 Barling Bay 3 no

KOD-00098 Kiavak Bay #417 yes

6 KOD-00099 Kiavak #419 yes yes Sampled for residues

XTI-00118 no

XTI-00017 Cape Alitak no

XTI-00004 Sitkinak lagoon yes

XTI-00052 Sitkinak yes

XTI-00072 Hawk bluff house pit groups no

XTI-00074 Hawk bluff storm ridge midden no

XTI-00008 yes
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Supplemental Table 2: sample information

Samples code Catagory ID Site code Site name Sample type Provenance Location C14 age C14 ID Cal age Reference
AM193-63 M798 KAR-1 Karluk One ceramic, int N52 W96 Karluk Rivermouth 500±30 OS‐58181 550‐500 BP Knecht, 1995; West, 2011
KAR1-63c M798 KAR-1 Karluk One foodcrust, int
KAR1-63dEXT M798 KAR-1 Karluk One foodcrust, ext
KAR1-88EXT 203 KAR-1 Karluk One ceramic, ext
KAR1-88c 203 KAR-1 Karluk One foodcrust, ext
KAR1-89INT 28 KAR-1 Karluk One ceramic, int
KAR1-89c 28 KAR-1 Karluk One foodcrust, int
KAR1-89d 28 KAR-1 Karluk One foodcrust, ext
KAR1-90EXT 95:621 KAR-1 Karluk One ceramic, ext
KAR1-90INTr 95:621 KAR-1 Karluk One ceramic, int
KAR1-90c 95:621 KAR-1 Karluk One foodcrust, int
KAR1-90d 95:621 KAR-1 Karluk One foodcrust, ext
KAR1-91INT 95:1800 KAR-1 Karluk One ceramic, int
KAR1-91EXTr 95:1800 KAR-1 Karluk One ceramic, ext
KAR1-91c 95:1800 KAR-1 Karluk One foodcrust, int
KAR1-91d 95:1800 KAR-1 Karluk One foodcrust, ext
KAR1-92INT 95:590 KAR-1 Karluk One ceramic, int
KAR1-92c 95:590 KAR-1 Karluk One foodcrust, int
KAR1-93EXT 94:2731 KAR-1 Karluk One ceramic, ext
KAR1-93d 94:2731 KAR-1 Karluk One foodcrust, ext
KAR1-93INTr 94:2731 KAR-1 Karluk One ceramic, int
KAR1-3002 M251 KAR-1 Karluk One soil sample

KAR187-64 199 KAR-187 Lower Flats Village ceramic, int
nw corner 20-30 cm deep 
pit4 Ayakulik River not dated Steffian & Saltonstal, 2004

KAR187-64cINT 199 KAR-187 Lower Flats Village foodcrust, int
nw corner 20-30 cm deep 
pit4

KAR232-65 35 KAR-232 Kusuuq Taquka’ag ceramic, int TP33 Ayakulik River 240±40 Beta‐180621698 AD Steffian & Saltonstal, 2004
KAR232-65cINT 35 KAR-232 Kusuuq Taquka’ag foodcrust, int TP33
KAR31-74 11 KAR-31 Old Karluk foodcrust, ext Karluk Rivermouth Steffian & Saltonstal, 2016
KAR31-74cINT 11 KAR-31 Old Karluk foodcrust, int
KAR31-75 11 KAR-31 Old Karluk ceramic, int
KAR31-76 UA85-209/8147 KAR-31 Old Karluk ceramic, int Level 3
KAR31-77 4665 KAR-31 Old Karluk ceramic, int Level 5

KAR31-74bINT 11 KAR-31 Old Karluk ceramic, int
KAR31-77cINT 4665 KAR-31 Old Karluk foodcrust, int Level 5
KAR31-78 4665 KAR-31 Old Karluk foodcrust, ext Level 5
KAR31-3003 M512 KAR-31 Old Karluk soil sample
KAR9-69bEXT 268 KAR-9 Upper Station ceramic, ext Olga Lake not dated Saltonstall & Steffian, 2007
KAR9-69 268 KAR-9 Upper Station foodcrust, ext
KAR9-70 268 KAR-9 Upper Station ceramic, int midden below HP13
RB17-79 17 KOD-101 Rolling Bay ceramic, int Rolling Bay 422±63 P‐1047 1637 AD Clark, 1966, OxCal
RB53-80 53 KOD-101 Rolling Bay ceramic, int 394±61 P‐1047 1640 AD
RB53-80cEXT 53 KOD-101 Rolling Bay foodcrust, ext 349±65 P‐1048 1655 AD

KOD-101 Rolling Bay 386±65 P‐1048 1644 AD
KOD450-81 286 KOD-450 Refuge Rock ceramic, int Sitkalidak Island coast 1784 AD Knecht et al, 2002
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Samples code Catagory ID Site code Site name Sample type Provenance Location C14 age C14 ID Cal age Reference

KOD450-81cEXT 286 KOD-450 Refuge Rock foodcrust, ext
KOD450-82 392 KOD-450 Refuge Rock ceramic, int
KOD450-83 43 KOD-450 Refuge Rock ceramic, int
KOD450-83dINT 43 KOD-450 Refuge Rock foodcrust, int

KOD450-83cEXT 43 KOD-450 Refuge Rock foodcrust, ext
KOD450-84 KOD-450 Refuge Rock ceramic, int
KOD478-71 604 KOD-478 Kumluk ceramic, int HP4 midden Midway Bay discarded ~400‐500 BP Steffian & Saltonstall, 2014
KOD478-71c 604 KOD-478 Kumluk foodcrust HP4 midden
KOD478-72 640 KOD-478 Kumluk ceramic, int HP5 midden
KOD478-72c 640 KOD-478 Kumluk foodcrust HP5 midden
KOD478-73 694 KOD-478 Kumluk ceramic, int HP5
KOD478-73c 694 KOD-478 Kumluk foodcrust, int HP5
KOD83-33 36 KOD-83 Three Saints Bay ceramic, int Feature 1, L1 Three Saints Bay 1786‐1793 ADCrowell, 1997
KOD83-33cEXT 36 KOD-83 Three Saints Bay foodcrust, ext Feature 1, L1
KOD83-34 9L KOD-83 Three Saints Bay ceramic, int Feature 1, L2
KOD83-34cEXT 9L KOD-83 Three Saints Bay foodcrust, ext Feature 1, L2
KOD83-35 23 KOD-83 Three Saints Bay ceramic, int Feature 1, L2
KOD83-
1006aEXT ask Aron KOD-83 Three Saints Bay foodcrust, ext west of feature 1

KOD83-1007bINT ask Aron KOD-83 Three Saints Bay foodcrust, int east of feature 1
KOD99-85 113 KOD-99 Younger Kiavak ceramic, int 2: 25-50cm Kiavak Bay 923±68 P‐1041 1246 AD Clark, 1966, OxCal
KOD99-85cEXT 113 KOD-99 Younger Kiavak foodcrust, ext 2: 25-50cm 981±69 P‐1041 1212 AD
KOD99-86 423 KOD-99 Younger Kiavak ceramic, int 4:75-85cm left wall
KOD99-86cINT 423 KOD-99 Younger Kiavak foodcrust, int 4:75-85cm left wall
KOD99-87 871 KOD-99 Younger Kiavak ceramic, int 7: 150-175 cm
KOD99-87dINT 871 KOD-99 Younger Kiavak foodcrust, int 7: 150-175 cm
SEL172-32 SEL-172 Yaliq ceramic, int Strat 3 Yalik Bay Beta‐263171030‐1220 ADCrowell, 2007
SEL172-32b SEL-172 Yaliq ceramic ext Strat 3
XTI96-66 1757 XTI-96 Sand Mesa ceramic, int surface find Chirikof Island 450±50 Beta‐20894510 BP Saltonstal & Steffian, 2005
XTI96-66c 1757 XTI-96 Sand Mesa foodcrust, int surface find
XTI96-67bINT 1748j XTI-96 Sand Mesa ceramic, int surface find
XTI96-67 1748j XTI-96 Sand Mesa foodcrust surface find
XTI96-68 28 XTI-96 Sand Mesa ceramic, int mid mesa
XTI96-68c 28 XTI-96 Sand Mesa foodcrust, int mid mesa
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Supplemental Table 3: organic residue data

Samples code Site name
Sample 
type

Lipid 
conc. 
(ug/g)

SFA 
range UFA branched DA APAA Isoprenoid SRR%          Chol. der. other sterol Abietic acid other terpenes

Alkanones 
(linear 
ketones) BPCA PAH alkanol dihydroxy FA

KAR1-3002 Karluk One soil sample 1068 C7-28
C16:1, C18:1,  C20:1, 
C22:1, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-26 -

TMTD, pristanic 
acid, phytanic 
acid -

Methyl-DHA, 7-oxo-
DHA, Retene-tr

α-Amyrin, 
Friedelan-3-one,  
betulintr -

B3CA(2), 
B4CA(1)

Naphthalene, 
Anthracene, 
Pyrene

KAR1-63c Karluk One
foodcrust, 
int 4257 C10-27

C16:1, C18:1, C18:2, 
C20:1, C22:1, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C7-27 C16-22

TMTD, pristanic 
acid, phytanic 
acid

19-Norcholesta-1,3,5(10)-
trien-6-one -

Methyl-DHA, 7-oxo-
DHA Phorbol, m/z412 -

B3CA(3), 
B4CA(3) -

KAR1-63dEXT Karluk One
foodcrust, 
ext 859 C13-28

C16:1, C17:1, C18:1, 
C20:1, C22:1, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C9-24 -

TMTD, pristanic 
acid, phytanic 
acid -

Methyl-DHA, 7-oxo-
DHA, Retenetr -

B3CA(3), 
B4CA(2)

Anthracene, 
Pyrene

KAR1-88EXT Karluk One
ceramic, 
ext 1549 C8-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ca18:0 C5-17 C16-22

TMTD, pristanic 
acid, phytanic 
acid - - Retenetr - B3CA(3)

Anthracene, 
Pyrene

KAR1-89d Karluk One
foodcrust, 
ext 4240 C14-22

C16:1, C18:1, C18:2, 
C20:1, C22:1, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C9-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid - -

Methyl-DHA, 7-oxo-
DHA, Retene-tr Phorbol -

B3CA(3), 
B4CA(2) -

KAR1-89INT Karluk One
ceramic, 
int 1737 C8-26

C16:1, C18:1, C18:2, 
C20:1, C20:2, C22:1, 
C22:2, C24:1

Ca15:0, Ca17:0, 
Ca18:0 C5-17 C16-24

TMTD, pristanic 
acid, phytanic 
acid - - Retenetr

C27, C31, 
C35 B3CA

Naphthalene, 
Anthracene C14-18tr 9,10-dihydroxystearic acid-tr

KAR1-90d Karluk One
foodcrust, 
ext 6194 C14-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C8-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid - -

Methyl-DHA, Retene-
tr Phorbol - B3CA(3) Anthracene 

KAR1-90EXT Karluk One
ceramic, 
ext 3187 C6-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C4-17 C16-22

TMTD, pristanic 
acid, phytanic 
acid Cholesterol methyl ether B-Sitosterol

Methyl-DHA, Retene-
tr Phorbol - B3CA

Anthracene, 
Pyrene

KAR1-90INTr Karluk One
ceramic, 
int 1615 C14-18tr

9,10-dihydroxystearic acid, 
9,10-dihydroxyarachidic acid, 
11,12-dihydroxybehenic acid

KAR1-91d Karluk One
foodcrust, 
ext 10507 C13-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ca18:0 C8-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
benzoate - Retenetr Phorbol, m/z412 - B3CA(3) Anthracene 

KAR1-91EXTr Karluk One ceramic, 2255 C16-18tr -

KAR1-91INT Karluk One
ceramic, 
int 6013 C6-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ca18:0 C4-17 C16-22

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
benzoate; 4,6-Cholestadien-
3β-ol - Retenetr Phorbol - - Anthracene

KAR1-92INT Karluk One
ceramic, 
int 2132 C11-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C20:2, C22:1, C22:2, 
C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C8-16 C16-22

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholesta-3,5-
diene; Cholesta-2,4-diene - Retenetr B3CA(1) Anthracene -

9,10-dihydroxystearic acid-tr, 
9,10-dihydroxyarachidic acid-
tr, 11,12-dihydroxybehenic 
acid-tr

KAR1-93EXT Karluk One
ceramic, 
ext 1606 C9-30

C16:1, C17:1, C18:1, 
C20:1, C20:2, C22:1, 
C24:1, C26:1

Ca15:0, Ca17:0, 
Ca18:0 C7-24 C16-24

TMTD, pristanic 
acid, phytanic 
acid - - Retenetr Phorbol C27, C31 B3CA

Anthracene, 
Pyrene

KAR1-93INTr Karluk One ceramic, 3495 C16tr -

AM193-63 Karluk One
ceramic, 
int 4602 C10-22

C16:1, C17:1, C18:1, 
C20:1, C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-15 C16-24

TMTD, pristanic 
acid, phytanic 
acid 91,7 - - - - - -

KAR1-88c Karluk One
foodcrust, 
ext 6724 C12-27

C16:1, C18:1, C18:2, 
C20:1, C20:2, C22:1, 
C22:2, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C8-27 C16-22

TMTD, pristanic 
acid, phytanic 
acid 92,8 - -

Methyl-DHA, 7-oxo-
DHA, Retene-tr Phorbol -

B3CA(3), 
B4CA(3) Anthracene C16-26tr -

KAR1-89c Karluk One
foodcrust, 
int 15804 C12-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C8-21 C16-22

TMTD, pristanic 
acid, phytanic 
acid 93,0

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
benzoate -

Methyl-DHA, Retene-
tr Phorbol, m/z412 - B3CA(2) -

KAR1-93d Karluk One
foodcrust, 
ext 1162 C14-30

C16:1, C18:1, C18:2, 
C20:1, C22:1, C24:1

Ca15:0, Ca17:0, 
Ca18:0 C9-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid 93,1

Cholesterol methyl ether; 
Cholesterilene -

Methyl-DHA, 7-oxo-
DHA, Retene-tr Phorbol, m/z412 -

B2CA, 
B3CA(3), 
B4CA(3)

Anthracene, 
Pyrene

KAR1-92c Karluk One
foodcrust, 
int 7711 C13-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C8-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid 93,7

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate-tr - - Phorbol, m/z412 - B3CA(3) -

KAR1-91c Karluk One
foodcrust, 
int 5040 C14-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C8-20 C16-18

TMTD, pristanic 
acid, phytanic 
acid 96,1

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
benzoate; 19-Norcholesta-
1,3,5(10)-trien-6-one Cholestanol - Phorbol, m/z412 - B3CA -
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Samples code Site name
Sample 
type

Lipid 
conc. 
(ug/g)

SFA 
range UFA branched DA APAA Isoprenoid SRR%          Chol. der. other sterol Abietic acid other terpenes

Alkanones 
(linear 
ketones) BPCA PAH alkanol dihydroxy FA

KAR1-90c Karluk One
foodcrust, 
int 5969 C14-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C8-20 absent

TMTD, pristanic 
acid, phytanic 
acid 96,1

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
benzoate; 19-Norcholesta-
1,3,5(10)-trien-6-one -

Methyl-DHA, Retene-
tr Phorbol, m/z412 - B3CA -

KAR187-
64cINT

Lower Flats 
Village

foodcrust, 
int 41426 C10- 28

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1, 
C24:2

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C8-22 C16-22

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholestadiene m/z 412 - B3CA(1) -

KAR187-64
Lower Flats 
Village

ceramic, 
int 2371 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-14 C16-22

TMTD, pristanic 
acid, phytanic 
acid 88,5

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate - - Phorbol - B3CA(1) Anthracene C26tr -

KAR232-65
Kusuuq 
Taquka’ag

ceramic, 
int 3655 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-14 C16-22

TMTD, pristanic 
acid, phytanic 
acid 84,2 - - - - - - - - -

KAR232-
65cINT

Kusuuq 
Taquka’ag

foodcrust, 
int 21233 C12-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1, 
C24:2

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C8-21 C16-22

TMTD, pristanic 
acid, phytanic 
acid

19-Norcholesta-1,3,5(10)-
trien-6-one; Cholesterol 
methyl ether; Cholesterol 
margarate C31 B3CA(2) -

KAR31-76 Old Karluk
ceramic, 
int 1316 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1, 
C24:2

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-14 C18

TMTD, pristanic 
acid, phytanic 
acid 77,5

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate - Retene-tr Phorbol, m/z412 - B3CA(1) - C26tr

9,10-dihydroxystearic acid, 
9,10-dihydroxyarachidic acid, 
11,12-dihydroxybehenic acid

KAR31-77 Old Karluk
ceramic, 
int 1357 C9-28

C16:1, C18:1, C18:2, 
C20:1, C20:2, C22:1, 
C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-21 C16-22

TMTD, pristanic 
acid, phytanic 
acid 82,1

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate - 7-oxoDHA m/z 412 - -

Anthracene, 
Pyrene C16-28tr

9,10-dihydroxystearic acid, 
9,10-dihydroxyarachidic acid, 
11,12-dihydroxybehenic acid

KAR31-78 Old Karluk
foodcrust, 
ext 14221 C10-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid 86,2

Cholesterol; Cholesterol 
methyl ether -

Methyl-DHA, Retene-
tr m/z 412 - B3CA(3), B4CA(2)Anthracene, Pyrene- 9,10-dihydroxystearic acid-tr

KAR31-74 Old Karluk
foodcrust, 
ext 5612 C10-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-13 C16-22

TMTD, pristanic 
acid, phytanic 
acid 89,4 - -

Methyl-DHA, 7-oxo-
DHA, Retene-tr - B3CA(3), B4CA(2)Anthracene, Pyrene- -

KAR31-3003 Old Karluk soil sample 678 C9-28
C16:1, C17:1, C18:1,  
C20:1, C22:1, C24:1-tr

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-27 - phytanic acid - B-Sitosterol

Methyl-DHA, 7-oxo-
DHA α-Amyrin -

B3CA(3), 
B4CA(3) -

KAR31-75 Old Karluk
ceramic, 
int 4667 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-14 C16-22

TMTD, pristanic 
acid, phytanic 
acid 91,4 - - - Phorbol, m/z412 - B3CA(1) - - -

KAR31-77cINT Old Karluk
foodcrust, 
int 8155 C10-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-23 C18

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholestadiene

Methyl-DHA, 7-oxo-
DHA m/z 412, phorbol - B3CA(2) Pyrene

KAR31-74cINT Old Karluk
foodcrust, 
int 22421 C16-22

TMTD, pristanic 
acid, phytanic 
acid - Retenetr - B3CA(2) -

KAR31-
74bINT Old Karluk

ceramic, 
int 4508 C8-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1, 
C26:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C5-18 C16-22

TMTD, pristanic 
acid, phytanic 
acid - Retenetr Phorbol - B3CA(2) Naphthalene

KAR9-70
Upper 
Station

ceramic, 
int 2942 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-14 C16-22

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate - - Phorbol, m/z412 - B3CA(1) - C16-28tr 9,10-dihydroxystearic acid-tr

KAR9-69bEXT
Upper 
Station

ceramic, 
ext 3420 C12-28

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C20:2, C22:1, C22:2, 
C23:1, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C9-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol methyl ether; 
Cholesta-3,5-diene - Phorbol - BC3A(1) Anthracene

KAR9-69
Upper 
Station

foodcrust, 
ext 30534 C10-28

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-21 C16-22

TMTD, pristanic 
acid, phytanic 
acid - - - Friedelan-3-one - B3CA(2) Anthracene, PyreneC20-26tr -

RB53-80cEXT Rolling Bay
foodcrust, 
ext 10142 C10-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-16 C16-22

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholestadiene Stigmasterol

Methyl-DHA, 7-oxo-
DHA, Retene-tr m/z 412, phorbol -

B3CA(3), 
B4CA(2)

Anthracene, 
Pyrene

RB17-79 Rolling Bay
ceramic, 
int 25 C10-28

C16:1, C18:1, 
C20:1,C22:1, C24:1 Ca15:0 C9-24 -

pristanic, 
phytanic 93,6

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate -

Methyl-DHA, 7-oxo-
DHA, Retene-tr - - B3CA(2) Anthracene C16-26tr -

RB53-80 Rolling Bay
ceramic, 
int 705 C9-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-21 -

TMTD, pristanic 
acid, phytanic 
acid 94,8

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate

7-dehydro-
Stigmasterol, β-
Sitosterol acetate, 
Stigmasta-3,5-dien-
7-one

Methyl-DHA, 7-oxo-
DHA, Retene-tr Phorbol, m/z412 - B3CA(1) Anthracene C16-28tr 9,10-dihydroxystearic acid
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Samples code Site name
Sample 
type

Lipid 
conc. 
(ug/g)

SFA 
range UFA branched DA APAA Isoprenoid SRR%          Chol. der. other sterol Abietic acid other terpenes

Alkanones 
(linear 
ketones) BPCA PAH alkanol dihydroxy FA

KOD450-
83dINT Refuge Rock

foodcrust, 
int 3929 C12-28

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1, 
C24:2

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C8-30 C16-22

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholestadiene

β-Sitosterol, 
cholestanol Methyl-DHA m/z 412 - B3CA(1) Pyrene

KOD450-81 Refuge Rock
ceramic, 
int 1846 C8-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-19 C16-22

TMTD, pristanic 
acid, phytanic 
acid - - - -

C27, C31, 
C35 B3CA(1) - C16tr 9,10-dihydroxystearic acid

KOD450-
83cEXT Refuge Rock

foodcrust, 
ext 34166 - - - -

KOD450-82 Refuge Rock
ceramic, 
int 745 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-20 C16-24

TMTD, pristanic 
acid, phytanic 
acid 93,9 Cholesterol-tr - - m/z 412 C27, C31

B3CA(3), 
B4CA(2)

Anthracene, 
Pyrene C16-18tr -

KOD450-
81cEXT Refuge Rock

foodcrust, 
ext 4064 C10-28

C16:1, C17:1, C18:1, 
C18:2, C20:1, C22:1, 
C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid 95,9 -

Methyl-DHA, 7-oxo-
DHA m/z 412 -

B3CA(3), 
B4CA(2)

Anthracene, 
Pyrene

KOD450-83 Refuge Rock
ceramic, 
int 861 C9-28

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 , 
C26:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-21 C16-22

TMTD, pristanic 
acid, phytanic 
acid 96,6

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate Cholestanol - - - B3CA(1) - C16-30

9,10-dihydroxystearic acid, 
9,10-dihydroxyarachidic acid, 
11,12-dihydroxybehenic acid

KOD450-84
Younger 
Kiavak

ceramic, 
int 940 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-17 C16-22

TMTD, pristanic 
acid, phytanic 
acid 96,9 Cholesterol-tr - - - - B3CA(1) - - 9,10-dihydroxystearic acid-tr

KOD478-72 Kumluk
ceramic, 
int 1340 C8-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-21 C16-24

TMTD, pristanic 
acid, phytanic 
acid 87,4

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate - - m/z 412

C27, C31, 
C35 B3CA(1) - C16-28tr

9,10-dihydroxystearic acid-tr, 
9,10-dihydroxyarachidic acid-
tr, 11,12-dihydroxybehenic 
acid-tr

KOD478-71 Kumluk
ceramic, 
int 1185 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C8-16 -

TMTD, pristanic 
acid, phytanic 
acid 93,0 Cholesterol-tr - - - - B3CA(1) - C16-28tr

9,10-dihydroxystearic acid, 
9,10-dihydroxyarachidic acid, 
11,12-dihydroxybehenic acid

KOD478-71c Kumluk
foodcrust, 
int 392 C14-28

C16:1, C18:1, C20:1, 
C22:1, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C11-30 absent

TMTD, pristanic 
acid, phytanic 
acid - - - Phorbol -

B3CA(3), 
B4CA(3) -

KOD478-73c Kumluk
foodcrust, 
int 8503 C13-30

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0

C9-15, 
20 C16-22

TMTD, pristanic 
acid, phytanic 
acid - - - Phorbol, m/z412 -

B3CA(3), 
B4CA(2) -

KOD478-72c Kumluk
foodcrust, 
int 19420 C10-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1, 
C24:2

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C7-24 C16-22

TMTD, pristanic 
acid, phytanic 
acid - - - Phorbol, m/z412 - B3CA -

KOD478-73 Kumluk
ceramic, 
int 1466 C10-27

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-23 C16-22

TMTD, pristanic 
acid, phytanic 
acid 96,1

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate - - m/z 412 - B3CA(1) - C16-30tr 9,10-dihydroxystearic acid-tr

KOD83-35
Three Saints 
Bay clay ball 81 C12-30 C16:1, C18:1 Ca15:0, Ca17:0 C9-28 -

TMTD, pristanic 
acid, phytanic 
acid 91,0 - Methyl-DHA -

B2CA, 
B3CA(2), 
B4CA(2) -

KOD83-33
Three Saints 
Bay

ceramic, 
int 1468 C10-24

C16:1, C17:1, C18:1,  
C18:2, C20:1, C22:1, 
C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-13 C16-22

TMTD, pristanic 
acid, phytanic 
acid 96,1

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
benzoate

Methyl-DHA, 7-
oxoDHA phorbol - B3CA(1) - - -

KOD83-
33cEXT

Three Saints 
Bay

foodcrust, 
ext 9670 C14-22

C16:1, C17:1, C18:1, 
C18:2, C20:1, C22:1, 
C24:1

Ca15:0, Ca17:0, 
Ca18:0 C9-16 C16-22

TMTD, pristanic 
acid, phytanic 
acid - Methyl-DHA Phorbol -

B3CA(3), 
B4CA(2) Anthracene 

KOD83-
34cEXT

Three Saints 
Bay

foodcrust, 
ext 13124 C11-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C8-22 C16-22

TMTD, pristanic 
acid, phytanic 
acid -

Methyl-DHA, 7-oxo-
DHA Phorbol -

B3CA(3), 
B4CA(2) -

KOD83-
1007bINT

Three Saints 
Bay

foodcrust, 
int 26190 C12-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C22:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C9-14 C16-22

TMTD, pristanic 
acid, phytanic 
acid 96,7

Cholesterol methyl ether; 
1.3,12,25-
Tris(acetyloxy)cholestan-7-
yl acetate; Cholesta-5,7-dien-
3β-ol, acetate; Cholesta-3,5-
diene; 4,6-Cholestadien-3β-
ol -

Methyl-DHA, Retene-
tr Phorbol -

B3CA(2), 
B4CA(2) -

KOD83-
1006aEXT

Three Saints 
Bay

foodcrust, 
ext 28846 C14-24

C16:1, C18:1, C18:2, 
C20:1, C22:1

Ca17:0, Ci17:0, 
Ca18:0 C10-18 C16-22

TMTD, pristanic 
acid, phytanic 
acid 96,7 - - Retenetr Phorbol -

B3CA(3), 
B4CA(2) Anthracene

KOD83-34
Three Saints 
Bay

ceramic, 
int 2172 C12-22

C16:1, C18:1,  C18:2, 
C20:1, C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C8-14 C16-22

TMTD, pristanic 
acid, phytanic 
acid 97,1 - Phorbol - - - - -
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Samples code Site name
Sample 
type

Lipid 
conc. 
(ug/g)

SFA 
range UFA branched DA APAA Isoprenoid SRR%          Chol. der. other sterol Abietic acid other terpenes

Alkanones 
(linear 
ketones) BPCA PAH alkanol dihydroxy FA

KOD99-87
Younger 
Kiavak

ceramic, 
int 3664 C9-24

C16:1, C18:1, C18:2, 
C20:1, C20:2, C22:1, 
C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-21 C16-22

TMTD, pristanic 
acid, phytanic 
acid 95,3

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate - Methyl-DHA m/z 412

C27, C31, 
C35 B3CA(2) Anthracene C24tr -

KOD99-
85cEXT

Younger 
Kiavak

foodcrust, 
ext 10100 C11-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C22:1, 
C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-22 C16-22

TMTD, pristanic 
acid, phytanic 
acid -

Methyl-DHA, 7-oxo-
DHA -

B3CA(3), 
B4CA(2)

Anthracene, 
Pyrene

KOD99-
87dINT

Younger 
Kiavak

foodcrust, 
int 12124 C10-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C7-20 C16-20

TMTD, pristanic 
acid, phytanic 
acid

Cholestenone; 3,5-
Cholestadien-7-one; 
Cholesterol; Cholesterol 
methyl ether; Cholestadiene Retene-tr m/z 412, phorbol -

B3CA(3), 
B4CA(2) -

KOD99-
86cINT

Younger 
Kiavak

foodcrust, 
int 52314 C10-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-21 C16-20

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholestadiene m/z 412 - B3CA(2) -

KOD99-86
Younger 
Kiavak

ceramic, 
int 1633 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid 96,8

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate -

Methyl-DHA, 7-oxo-
DHA - C27, C31 B3CA(1) Anthracene - 9,10-dihydroxystearic acid-tr

KOD99-85
Younger 
Kiavak

ceramic, 
int 896 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1 

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-17 C16-18

TMTD, pristanic 
acid, phytanic 
acid 97,4

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
margarate - - Phorbol, m/z412 C27, C31 B3CA(1) - C20-26tr 9,10-dihydroxystearic acid

Salmonberry-
3004

Kodiak 
Island

berry, 
archaeo-
logical 1784 C12-34

C16:1, C18:1,  C20:1, 
C22:1, C24:1-tr

Ca15:0, Ca17:0, 
Ci17:0 C9-26 -

TMTD, 
phytanic acid -

B-Sitosterol, 
stigmastanol, 
cholestanol, 
Stigmastan-3,5-
diene 

Methyl-DHA, 7-oxo-
DHA

α-Amyrin, 
Friedelan-3-one - B3CA-tr

Anthracene-tr, 
Pyrene-tr

SEL172-32
ceramic, 
int 926 C8-22

C16:1, C18:1,  C18:2, 
C20:1, C22:1, C24:1 

Ca15:0, Ca17:0, 
Ca18:0 C7-13 C16-22

TMTD, pristanic 
acid, phytanic 
acid 93,4 -

Methyl-DHA, 7-oxo-
DHA, Retene-tr - - Napthalene - -

SEL172-32b
foodcrust, 
int 16613 C9-26

C16:1, C17:1, C18:1, 
C18:2, C20:1, C22:1, 
C24:1

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0 C6-20 C16-22

TMTD, pristanic 
acid, phytanic 
acid - - Methyl-DHA Phorbol, m/z412 -

B2CA, 
B3CA(2) Anthracene 19.956?

XTI96-68 Sand Mesa
ceramic, 
int 1295 C8-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1, 
C24:2

Ca15:0, Ca17:0, 
Ca18:0 C6-14 C16-22

TMTD, pristanic 
acid, phytanic 
acid 47,3

Cholesterol; Cholesterol 
methyl ether -

Methyl-DHA, 7-oxo-
DHA, Retene-tr Phorbol, m/z412 - B3CA(2) Anthracene C16tr

9,10-dihydroxystearic acid, 
9,10-dihydroxyarachidic acid, 
11,12-dihydroxybehenic acid

XTI96-66c Sand Mesa
foodcrust, 
int 4550 C12-24

C16:1, C18:1, C18:2, 
C20:1, C20:2, C22:1, 
C22:2

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0

C8-16, 
20 C16-22

TMTD, pristanic 
acid, phytanic 
acid 54,8 - - - m/z 412 -

B3CA(3), 
B4CA(2) -

XTI96-67 Sand Mesa
foodcrust, 
int 3364 C11-28

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1, 
C24:2

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C8-21 C16-18

TMTD, pristanic 
acid, phytanic 
acid 82,6

Cholesterol margarate; 1.2,4-
Cholestadiene; 4,6-
Cholestadien-3β-ol; 
Cholesterilene; 
Dehydrodesmosterol 
acetate; Cholesterol methyl 
ether; Cholesterol; 7-Oxo-5-
cholesten-3beta-yl benzoate; 
Cholesterone; 4,6-
Cholestadien-3-one; 19-
Norcholesta-1,3,5(10)-trien-
6-one

Stigmastan-3,5-
diene

Methyl-DHA, Retene-
tr m/z 412 - B3CA(1) - C16-26

9,10-dihydroxystearic acid-tr, 
9,10-dihydroxyarachidic acid-
tr, 11,12-dihydroxybehenic 
acid-tr

XTI96-67bINT Sand Mesa
ceramic, 
int 868 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1

Ca15:0, Ca17:0, 
Ci17:0, Ca18:0 C6-21 C16-24

TMTD, pristanic 
acid, phytanic 
acid 87,8 - Phorbol - B3CA(2)

Anthracene, 
Pyrene

XTI96-66 Sand Mesa
ceramic, 
int 1306 C9-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2, C24:1, 
C24:2

Ca15:0, Ca17:0, 
Ca18:0 C6-14 C16-22

TMTD, pristanic 
acid, phytanic 
acid

Cholesterol; Cholesterol 
methyl ether; Cholesteryl 
benzoate - Retenetr Phorbol - B3CA(2) - C16tr

9,10-dihydroxystearic acid, 
9,10-dihydroxyarachidic acid, 
11,12-dihydroxybehenic acid

XTI96-68c Sand Mesa
foodcrust, 
int 9662 C12-24

C16:1, C17:1, C18:1, 
C18:2, C20:1, C20:2, 
C22:1, C22:2

Ca15:0, Ci17:0. 
Ca17:0, Ca18:0

C8-16, 
20 C16-22

TMTD, pristanic 
acid, phytanic 
acid - - - m/z 412 -

B3CA(2), 
B4CA(1) -
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Supplemental Table 4: Isotope data

GC-C-IRMS 
sample ID Site Sample type Sample location

lipid 
concentration 
µg/g

δ13C16:0 

(‰) s.d.

δ13C18:0 

(‰) s.d.

δ13C         
(C18:0-C16:0)

δ13C 
(‰)

δ15N 
(‰)

Atomic 
C:N

KAR1-92c KAR-1 foodcrust interior 7711 -24.637 0.21 -24.829 0.23 -0.192 -21.46 14.98 8.8
KAR1-89c KAR-1 foodcrust interior 15804 -23.388 0.23 -23.901 0.25 -0.513 -22.26 15.24 9.14
KAR1-88c KAR-1 foodcrust exterior 6724 -23.530 0.21 -23.469 0.24 0.061 -23.44 14.7 13.1
KAR1-90c KAR-1 foodcrust interior 5969 -23.083 0.21 -23.334 0.23 -0.250 -22.51 14.87 8.1
AM193-63r KAR-1 ceramic interior 4602 -23.616 0.22 -23.235 0.36 0.382
AM193-63c KAR-1 foodcrust interior 4256 -21.27 15.29 8.04
KAR1-93d KAR-1 foodcrust exterior 1162 -22.756 0.21 -23.141 0.23 -0.385 -23.36 13.94 11.4
KAR1-91c KAR-1 foodcrust interior 5040 -22.738 0.21 -22.601 0.27 0.136 -23.6 13.78 11.91
KAR187-64 KAR-187 foodcrust interior 41426 -24.009 0.21 -23.315 0.23 0.694 -22.62 14.41 10.1
KAR232-65 KAR-232 foodcrust interior 21233 -25.851 0.21 -25.003 0.23 0.849 -25.13 12.08 14.92
KAR232-65d KAR-232 foodcrust exterior 15457 -25.96 10.62 25.67
KAR31-76 KAR-31 ceramic interior 4305 -24.813 0.21 -24.596 0.23 0.217
KAR31-77 KAR-31 ceramic interior 2836 -24.555 0.21 -24.063 0.23 0.492
KAR31-77c KAR-31 foodcrust exterior 8154 -23.25 15.36 9.97
KAR31-75 KAR-31 ceramic interior 6619 -23.315 0.22 -23.179 0.23 0.136
KAR31-78 KAR-31 foodcrust exterior 13417 -23.043 0.19 -22.618 0.16 0.425 -23.05 12.79 16.5
KAR31-74 KAR-31 foodcrust exterior 5448 -20.612 0.20 -20.854 0.15 -0.241 -23.66 12.15 19.54
KAR9-69 KAR-9 foodcrust exterior 27842 -25.707 0.19 -25.323 0.20 0.384 -26.12 9.34 33.16
KAR9-70 KAR-9 ceramic interior 10549 -26.105 0.21 -25.259 0.25 0.846
RB17-79 KOD-101 ceramic interior 96 -25.823 0.21 -27.273 0.23 -1.450
RB53-80 KOD-101 ceramic interior 2140 -21.598 0.22 -21.404 0.24 0.194
RB53-80c KOD-101 foodcrust exterior 10142 -23.93 9.5 29.7
KOD450-83 KOD-450 ceramic interior 1976 -22.619 0.22 -22.635 0.23 -0.016
KOD450-83c KOD-450 foodcrust exterior 34165 -22.58 12.34 20.11
KOD450-82 KOD-450 ceramic interior 2249 -22.596 0.23 -22.570 0.23 0.026
KOD450_82d KOD-450 foodcrust interior -21.91 13.42 28.59
KOD450-81 KOD-450 ceramic interior 4944 -22.602 0.21 -22.461 0.23 0.142
KOD450-81c KOD-450 foodcrust exterior 4064 -23.43 13.05 22.04
KOD450-84 KOD-450 ceramic interior 2053 -21.719 0.21 -21.441 0.24 0.278
KOD450-84c KOD-450 foodcrust exterior -23.01 11.61 19.2
KOD478-72 KOD-478 ceramic interior 3054 -23.559 0.21 -23.048 0.23 0.512
KOD478-72c KOD-478 foodcrust interior 19419 -21.43 13.16 9.16
KOD478-71 KOD-478 ceramic interior 3546 -23.172 0.22 -22.224 0.24 0.948
KOD478-71c KOD-478 foodcrust interior 391 -18.86 16.61 6.26
KOD478-73 KOD-478 ceramic interior 2896 -22.379 0.21 -22.012 0.23 0.367
KOD478-73c KOD-478 foodcrust interior 8502 -19.96 16.58 8.75
KOD83-35 KOD-83 clay ball exterior 81 -25.601 0.22 -26.881 0.41 -1.280
KOD83-33 KOD-83 ceramic interior 1562 -22.726 0.21 -22.318 0.24 0.407
KOD83-33c KOD-83 foodcrust exterior 9670 -23.37 14.5 16.65
KOD83-34r KOD-83 ceramic interior 2273 -22.851 0.21 -22.152 0.24 0.699
KOD83-1007b KOD-83 foodcrust interior 26190 -22.108 0.21 -21.439 0.23 0.669 -21.33 14.36 8.86
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GC-C-IRMS 
sample ID Site Sample type Sample location

lipid 
concentration 
µg/g

δ13C16:0 

(‰) s.d.

δ13C18:0 

(‰) s.d.

δ13C         
(C18:0-C16:0)

δ13C 
(‰)

δ15N 
(‰)

Atomic 
C:N

KOD83-1006a KOD-83 foodcrust exterior 28846 -21.514 0.21 -20.903 0.23 0.610 -21.08 16.17 10.99
KOD99-85 KOD-99 ceramic interior 2008 -22.470 0.22 -22.788 0.23 -0.318
KOD99-86 KOD-99 ceramic interior 3705 -22.762 0.22 -22.362 0.23 0.400
KOD99-86c KOD-99 foodcrust interior 52314 -22.91 14.33 18.95
KOD99-87 KOD-99 ceramic interior 7051 -21.844 0.21 -21.532 0.23 0.312
KOD99-87d KOD-99 foodcrust interior 12123 -20.46 15.1 11.15
SEL172-32 SEL-172 ceramic interior 926 -20.587 0.21 -21.853 0.23 -1.266
SEL172-32b SEL-172 foodcrust interior 16613 -20.99 16.55 16.15
XT196-68 XTI-96 ceramic interior 1295 -26.961 0.21 -26.129 0.23 0.832
XT196-68c XTI-96 foodcrust interior 9662 -24.1 14.69 10.73
XT196-66 XTI-96 ceramic interior 1306 -26.741 0.21 -25.938 0.23 0.803
XT196-66c XTI-96 foodcrust interior 4550 -23.72 14.67 9.86
XTI96-67 XTI-96 foodcrust interior 3364 -24.382 0.23 -23.116 0.26 1.266 -22.1 12.94 7.57
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CHAPTER 8 

General conclusions 

The central aim of this research was to improve our understanding of the adoption of pottery 

technology into the New World, more specifically, among Subarctic hunter-gatherer groups 

in Southwest Alaska, and to evaluate the evolution of these artefacts throughout time, with 

respect to function. The main research question addressed in this thesis was: “What drove 

the adoption of pottery into Subarctic Southwest Alaska?”. The main topic was addressed 

by posing sub questions. What was pottery used for? And how does the function of pottery 

relate to the function of other durable (rival) technologies, such as stone bowls? Why was 

pottery adopted with such a significant delay on Kodiak Island? Why was it adopted in the 

southern archipelago, but rejected in the north by people of the same culture?  

This doctoral project has focused on these themes (i.e., pottery adoption and function) in the 

setting of Subarctic Alaska. In the (sub)Arctic, the manufacture and maintenance of durable 

container technologies is even more costly than in other, more temperate climates (Jordan and 

Gibbs, 2019). Here, at its extreme margin, the end point of a series of major dispersal events 

of pottery technology originating in Northeast Asia, key issues concerning the reasons for the 

adoption of pottery are brought into sharp focus, making it an ideal setting in which to 

investigate the reasons for pottery adoption by non-sedentary, non-agricultural societies in 

high-latitude environments. 

To investigate, an extensive and critical review of the existing literature on the research 

context was undertaken. This resulted in a chapter (Admiraal and Knecht, 2019) on 
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Southwest Alaskan container technologies in a recently published book by Cambridge 

University Press (Jordan and Gibbs, 2019). In this chapter (co-authored by Dr. Rick Knecht), 

I presented a critical review of the culture history of Southwest Alaska, and discussed the 

appearance of pottery, stone vessels and griddle stones in the area. It became clear that 

durable Alaskan container technologies are a neglected artefact category that has gained very 

little attention throughout the history of the discipline. Very little was published on Aleutian 

stone bowls and griddle stones (Solazzo and Erhardt, 2007; Jeanotte et al., 2012). Information 

on early pottery in Alaska was limited to the work of only a few authors belonging to an older 

generation of research, leaving the state of knowledge parked in 1982 (Ackerman, 1982; 

Dumond, 1969; Heizer, 1949), with the exception of the work of Anderson et al. (2011) and 

Harry and Frink (2009).  

The chapter reflects the starting point of the research project. It defined gaps in knowledge 

and led to the formulation of new research questions. It was concluded that in order to 

understand the drivers of the adoption and use-trajectory of durable container technologies in 

Alaska, we need to understand the function of these artefacts. Organic residue analysis was 

chosen as the ideal method to test this. The methodology is reviewed in chapter 3, as well as 

in the Methods sections of the papers presented in chapters 5 to 7. Furthermore, a 

methodological paper describing experiments carried out for this research is presented in 

chapter 4. 

Aleutian stone bowls and griddle stones 

The first case-study concerned the functional analysis of the oldest durable container 

technologies in Southwest Alaska: stone bowls and griddle stones from the Aleutian Islands. 

These artefacts appeared much earlier than pottery, which never spread to the Aleutian 
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Islands, and are therefore treated first. Questions were raised about the function of these 

vessels and their use trajectory. Were griddle stones and stone bowls rival technologies? Or 

did they have different functions? And why were stone bowl occurrences suddenly peaking 

around 3,000 years ago? Not much was known or published about these artefacts at all 

(Jeanotte et al., 2012; McCartney, 1970; Quimby, 1945). Thick layers of carbonized residues 

were present on all artefacts, and were collected for analysis at the Museum of the Aleutians 

with the permission of the Ounalashka Corporation. It was found that while stone bowls were 

exclusively used for the processing of marine mammal oils, griddle stones were probably 

used for cooking dishes consisting mainly of sea food but with the possible addition of plant 

resources, and/or salmonids. We argued that the use of direct heating in the process of 

rendering fat may have been adopted as a result of a climatic cold spell (i.e., the Neoglacial), 

which could have made cold-rendering of fat (using seal pokes or other organic storage 

technologies) more risky, as it is highly dependent on stable temperatures. These results are 

an make an important contribution to debates about rival container technologies in northern 

environments (Frink and Harry, 2019; Jordan and Gibbs, 2019), as well as to the general 

debate of Aleutian Island archaeology. This paper was peer-reviewed and published in a 

special issue of Quaternary Research aimed specifically at Aleutian Island archaeology, and 

edited by guest editors Bre MacInnes, Ben Fitzhugh, Kirsten Nicolaysen, and 

Virginia Hatfield (Admiraal et al., 2019a).  

The introduction of pottery into Southwest Alaska 

Moving forward in time the focus shifts to, what is in many ways the main theme of this 

thesis: the earliest adoption of pottery in Alaska, at around 2,800 cal BP. From its entry point 

at the Bering Strait pottery dispersed quickly along Alaska’s coastal margin. By about 2,500 

cal BP it reached the Alaska Peninsula, an area that had been abandoned by the Arctic Small 
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Tool tradition some 500 years earlier. As stated before, early pottery in Alaska is a somewhat 

neglected artefact category with only a few publications, mainly from an earlier generation of 

scholars, that in general did not elaborate on aspects of the pottery beyond its typology and 

classification (Ackerman, 1982; Dumond, 1969; Heizer, 1949). However, Ackerman (1982) 

early-on proposed origins for Alaskan pottery in Northeast Siberia, in a paper that is still very 

relevant today. Dumond (e.g., 1969; 1981; 2000; 2011; 2016) discussed Alaskan pottery in 

more detail, in various publications throughout the years. That the origin of Alaskan pottery 

lies in Northeast Asia is now generally accepted based on the timing of dispersal as well as 

stylistic similarities. However, the question of how and why pottery spread to Alaska, was 

never investigated in more detail. What drove the adoption of pottery into this marginal area? 

What was the function of pottery, and how did it change? It is thought to have been 

associated with a maritime intensification originating in the Bering Strait region, but this has 

never been researched. 37 Norton pottery sherds (2,500 - 1,000 cal BP) and 12 Thule pottery 

sherds (1,000 cal BP - contact period) were tested using organic residue analysis in order to 

investigate the function and evolution of pottery on the Alaska Peninsula.  

In analysing site localities of early pottery occurrences on the Alaska Peninsula it stood out, 

early in the stage of this research, that pottery nearly always occurs in close proximity to 

large river systems supporting extensive salmon runs throughout a large part of the year. 

Indeed, the lipid and isotope results of this research confirm the conjecture that early Alaskan 

pottery was in fact connected to salmon harvesting practices at these locations. It seems that 

pottery adoption in Southwest Alaska first occurred at these major fish harvesting sites, and 

was not connected to a marine intensification (Farrell et al., 2014; Harry and Frink, 2009; 

Heizer, 1949). Our results are further supported by recently published residue results at the 

marine-focused Cape Krusenstern site. Here, against all expectations, a riverine (freshwater) 
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focus for both Norton and Thule pottery was apparent (Anderson et al., 2017). This further 

confirms the riverine character of early Alaskan pottery. However, there are some Norton 

sites where pottery was used to process marine resources. These sites are in locations where 

riverine resources are not as rich (e.g., on the Pacific Coast), and reflect an early 

diversification of pottery function.  

We may conclude that pottery was in fact exclusively used for the processing of aquatic 

resources. The type of resource may vary depending on site locality and associated resource 

availability and subsistence practices. Interestingly, while the earliest adoption of pottery in 

Alaska has long been thought to have been a part of a maritime adaptation, our residue results 

indicate that pottery function only truly shifted towards marine resource processing with the 

introduction of Thule pottery at 1,000 cal BP. This increased maritime subsistence focus 

observed in the pottery is further supported by a increasing focus on coastal areas seen in site 

locations, the introduction of the toggling harpoon, and other tools for open water hunting 

(e.g., kayaks), as well as a predominance of marine mammal bones in faunal assemblages 

(Dumond, 2011).  

Interestingly, looking back at the Northeast Asia, the source area of Alaskan pottery, we may 

witness a similar pattern in pottery dispersal. While a coastal route may seem apparent: 

climbing up from the earliest pottery sites in southeast China, into Japan, Hokkaido and 

Sakhalin, where pottery was shown to have been used for marine resource processing (Gibbs 

et al., 2017, Lucquin et al., 2016b), and further up along the coast of the Okhotsk Sea all the 

way to Alaska (fig. 6.5). In fact, most early (ca. 4,500 cal BP) northern pottery sites are 

located in the interior, along the Northeast Siberian river systems (e.g., the Lena, Indigirka, 

Kolyma, Anadyr rivers). More recent dates are found along the coasts. Therefore, we argue 
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that pottery reached Alaska through an interior continental riverine route, following the Amur 

River to the Baikal Lake region, and using the Lena River as a motorway to disperse 

northward. Pottery probably had a function related to fish processing, and maintained this 

use-pattern into the early pottery traditions of Alaska. These results have been presented in a 

draft paper intended to submit to Proceedings of the National Academy of Sciences (PNAS) 

in the near future. 

Explaining the delayed adoption of pottery on Kodiak Island 

The adoption of pottery on Kodiak Island was significantly delayed, and only ever partial. 

Considering the consistent aquatic nature of pottery function in Alaska (Farrell et al., 2014, 

Anderson et al., 2017, Solazzo et al., 2008, chapter 5 this volume), this delay, as well as the 

partial adoption, is peculiar. Kodiak is in fact extremely rich in aquatic resources. The 

archipelago is home to an abundance of marine wildlife, and its rivers support some of the 

largest salmon runs in the world. Indeed, for the past 7,000 years the continuous culture 

history of the archipelago attest to the exploitation of these resources. One would expect 

pottery, as a specialized aquatic resource processing tool, to be highly attractive in such a 

setting. Nonetheless, ceramic technology was only adopted during the late prehistoric Koniag 

stage, some 500 years ago, with a significant (2,000-year) delay, as compared to the 

neighbouring Alaska Peninsula. Furthermore, it was never universally adopted on the island. 

It was adopted in the south, but rejected by people of the same culture in the north. This 

phenomenon is poorly understood, especially considering that Kodiak Island would have 

been a prime location for the use of pottery, but the technology was still rejected. What were 

the reasons behind this delayed and partial adoption of pottery technology on Kodiak Island? 
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The analysis of organic residues from the pottery of Kodiak Island (35 sherds were tested), 

showed that the vessels were predominantly used for the processing of marine resources (i.e., 

marine fish or mammals). A few samples, originating at salmon processing camps further 

inland, presented isotope values consistent with anadromous species. By investigating 

contextual information about site function and location we were able to elaborate on the 

reasons for the limited uptake of pottery in the southern half of the island. We suggested a 

possible connection between the practice of whaling and the presence of pottery, as based on 

the overlapping distribution of whale bones and pottery sherds. This is in line with a 

statement by Knecht (1995) stating that Koniag pottery was probably used for the rendering 

of marine mammal oil, and is supported by ethnohistoric sources (Heizer, 1949). Our lipid 

results support this hypothesis.  

This paper highlights that social boundaries played a significant role in the adoption, spread 

and rejection of pottery by different groups on the archipelago. Kodiak has a long culture-

history of in-situ development with very little influence from outsiders. Only during the 

Koniag period, when population growth and subsequent stress on resources led to subsistence 

diversification and social differentiation, did contact with external peoples increase. This is 

seen in the presence of exotic raw materials as well as in artefact styles, and finally in the 

adoption of pottery. We argue that the delayed adoption of pottery on Kodiak was due to 

explicit social choice, based on local traditions, but also due to an increased exposure to the 

technology in late prehistoric times of increased contact. These same processes were at work 

in the rejection of pottery technology by northern Koniag groups. Differences in artefact 

types, the use of raw materials and linguistic differences illustrate an established social 

boundary between north and south Kodiak Island. This may explain the limited uptake of 

pottery in the south, combined with a higher focus on whaling in the southeast.  
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This case study especially illustrates the social processes that take place at the frontier of this 

particular pottery dispersal event. The spread of pottery technology originating in Northeast 

Asia, ended with the Kodiak Island delayed adoption. If not for this delay, pottery may 

possibly have spread further along the Gulf of Alaska where strong cultural connections exist. 

And possibly even south into British Columbia. Nevertheless, soon (ca. 200 years) after 

pottery was adopted on Kodiak Island, the colonization of Alaska by the Russians began, and 

pottery was quickly replaced by their metal counterparts. 

Contributions to wider debates on the adoption of pottery by hunter-gatherers 

This research forms a considerable contribution to the wider debate of pottery adoption 

among hunter-gatherer societies. What were the drivers of pottery adoption in these non-

agricultural societies? This question has been raised by many authors over the past decade 

(Craig et al., 2013; Harry and Frink, 2009; Jordan and Gibbs, 2019; Jordan and Zvelebil, 

2009; Lucquin et al., 2018), and the answer will differ slightly depending on the region and 

local subsistence practices. However, over the past decade an interesting pattern has been 

emerging from organic residue studies on hunter-gatherer pottery across the globe. It has 

been shown over and over again that early hunter-gatherer pottery was, more often than not, 

connected to the processing of aquatic resources (Anderson et al., 2017; Colonese et al., 

2014; Heron et al., 2015; Horiuchi et al., 2015; Lucquin et al., 2018, 2016; Meadows et al. 

2018; Oras et al., 2017; Shoda et al., 2017).

Northeast Asian origins 

By viewing the Alaskan ceramic trajectory from a Northeast Asian perspective, patterns have 

emerged that otherwise may have remained hidden. The data presented in this research reflect 
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that patterns of early pottery use in Southwest Alaska are not linked to maritime 

intensification (as might be expected). Instead early pottery in Alaska seems to originate in a 

riverine adaptation extending back into the continental Neolithic of Northeast Asia. This 

trend continues into Alaska where pottery appears along rivers, almost without exception, 

also coastal sites are in fact often situated by river mouths. While maritime adaptations may 

have played a role in the transferral of pottery from one side of the Bering Strait to the other, 

this research has shown that its role may not have been quite as vital as previously believed. 

Marine resource processing only became more prominent in Southwest Alaska with the 

introduction of the Thule tradition at around 1,000 cal BP. From a more global perspective, 

this research forms yet another example of the specialized aquatic function of hunter-gatherer 

pottery. Building on other evidence from Eurasia a clear pattern emerges, unmistakably 

connecting the rise of pottery technology to the processing of aquatic resources.  

The data presented in this PhD research further confirms this trend, and refines it. Early 

pottery in Alaska, at the very end of the technology’s dispersal route that originated in 

Northeast Asia, was also used to process aquatic resources. As said, this is in line with 

residue research from the origin region, where pottery from Japan (Horiuchi et al., 2015; 

Lucquin et al., 2016b, 2018), Korea (Shoda et al., 2017) the lower Amur, and Hokkaido-

Sakhalin Island (Gibbs et al., 2017) have consistently yielded aquatic lipid result. This thesis 

represents the first systematic, large-scale residue study in Alaska. The main findings are 

supported by previous residue research of smaller scale (Anderson et al., 2017; Farrell et al., 

2014; Jeanotte et al., 2012; Solazzo and Erhardt, 2007). The aquatic nature of hunter-gatherer 

pottery function is becoming more apparent. The question remains why pottery was so 

important for the processing of aquatic products?  
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Insights into function 

The benefits of fish oils to human health are well-known today, but also in the past. 

Especially in the Arctic, aquatic oils are an essential commodity. In these regions where it is 

hard to obtain enough nutrients, vitamins and minerals from the diet, aquatic oils are vitally 

important for human survival. Oil may be rendered from marine mammals, but can also be 

found in fatty fish species such as salmon. In the (sub)Arctic, seasonality is very pronounced, 

and the seasonal spikes of resource availability (e.g., salmon runs, marine mammal 

migrations) would have demanded an efficient processing technology to rapidly turn over 

large amounts of resources for long-term storage. The ability to quickly and efficiently render 

aquatic oils in a controlled way demanded the use of a durable container that could be 

directly heated. Stone bowls and pottery were crucial to this process. Without durable 

containers the rendering of oil took longer and was more prone to failure due to unexpected 

temperature changes. This would have been especially problematic in the Subarctic, where 

temperatures are generally higher. The exceptional high lipid concentrations in all Alaskan 

pottery samples (as well as in stone bowl and griddle stone surface residues), attests to the 

large proportion of fats and/or oils in the original content of the vessels. Relatively high C/N 

ratios furthermore indicate that vessels were used to process oily substances. We contend that 

pottery in Subarctic Alaska fulfilled an important role in the processing and storing of aquatic 

oils.  

Methodological challenges and questions for future research 

This research comprises the first systematic study of Southwest Alaskan pottery function. 

Through the application of lipid residue analysis of about one hundred samples, this research 

has illuminated for the first time what pottery in this area was used for. Through the various 

case studies a strong start was made to answer a variety of research questions raised at the 

start of the project. Naturally, opening up this course of research has generated a set of new 
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questions that allow for a wealth of novel research in the future. During the project several 

challenges were encountered of methodological as well as interpretative nature. Most were 

overcome, but some will need additional research. Nonetheless, with this PhD research 

project a successful start has been made to unravelling the mysteries of the adoption of 

pottery in the New World (sub)Arctic.  

Manufacture-derived lipids 

The foremost challenge for this research project is highlighted in the ethnographic literature 

discussing early-historic pottery in Alaska. It was repeatedly described that aquatic oils and 

blood were used in the manufacture of pottery, to aid in its waterproofing (for an overview 

see Anderson, 2019). The implications of this to our lipid results could be very significant, as 

the results may reflect the production of pottery instead of its use as a cooking vessel 

informing us on prehistoric subsistence and diet. To overcome this problem I designed an 

experiment. Clay was mixed with salmon oil and subsequently fired at different temperatures, 

in order to observe whether manufacture-derived lipids are removed during firing. We found 

that all lipids, even very high added amounts, were removed when pottery was fired at 

temperatures of 400 °C and higher. Petrography, combined with a simple water (sintering) 

test, showed that the Alaskan pottery tested in this research was consistently fired at 

temperatures over 550 °C. This positive result allows to conclude that the lipid results 

presented in this thesis are from the use of the pottery, and not from its pre-firing production 

stage. This is a significant finding that greatly strengthens the results presented in this 

thesis, and of lipid residue research in general. A paper presenting the results of this 

experiment was published in Archaeometry and is presented here in chapter 4. 
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Compound specific isotopes 

The carbon isotopes of individual fatty acids C16 and C18 in lipid samples allow for the 

differentiation between species (groups) based on their habitat. While this is a great tool to 

further determine the origin of the lipids, the resolution of this distinction is not always high 

enough. Of main interest to this research is the distinction within the aquatic spectrum. While 

the difference between freshwater species and marine species are easily observed, it is more 

difficult to separate anadromous species from marine, and it is impossible to detect marine 

fish vs. mammals. That makes lipid residue analysis a rather blunt tool for exploring 

variability within the subtle gradations of the aquatic spectrum. Nonetheless, in the results of 

this research clear trends were visible where isotopes were either more or less depleted on the 

marine scale.  

In the (sub)Arctic isotope values of certain species may be difficult to compare to modern 

reference values of species originating in more temperate climate zones (e.g., ruminants: 

caribou vs. cow). To overcome this an attempt was made to acquire compound specific 

isotope values of archaeological bone lipids from Alaskan archaeological sites (mainly 

Aleutian), in order to expand the reference database. However, testing of compound specific 

isotope values of caribou bone lipids yielded varying and seemingly unreliable results. The 

enriched δ13C values of caribou bone lipids could even be interpreted as marine. While the 

δ13C values of bone lipids may not directly reflect those of tissue, this issue needs to be further 

investigated (Colonese et al., 2015). One way to establish the difference between marine and 

caribou samples in the case of strange isotopic values is to assess the SRR% of phytanic acid 

(Lucquin et al., 2016a). There is no reference database of such values for caribou, while such 

a database would be very valuable for the continued research of organic residue analysis in 

Alaska and other areas where caribou may have represented a possible resource. 
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Other applications of lipid residue analysis 

The method of organic residue analysis is continuously being developed. Several studies have 

already shown the potential of its application to other materials such as to soil from activity 

areas and hearth features (Choy et al. 2016; Kedrowski et al. 2009; Buonasera et al. 2015). 

This will allow us to extend lipid residue research further back in time, into the pre-pottery 

stage, especially in areas of good archaeological preservation such as the (sub)Arctic. This 

would open up the possibility to compare resource exploitation of before and after pottery 

appears, and to register the changes that were brought along with the adoption of this new 

technology. How far stretches the antiquity of aquatic adaptations in prehistoric Alaska? 

Were pre-pottery cultures already exploiting river fishing? Or was this truly linked to the 

arrival of the Norton tradition, and pottery, in Alaska? Such questions remain open for future 

research, but some work has been done. For instance, Buonasera et al. (2015) found that 

aquatic resource processing dates back into Arctic Small Tool tradition times, hundreds of 

years before Norton introduced the first pottery in Alaska. This is an interesting course of 

research that would be especially fitting at stratified sites (see Bondetti et al., 2019), with 

both non-ceramic and ceramic layers which are plenty in Northwest Alaska, and in Siberia 

(e.g., along the Lena River, or at the Ushki V site in Kamchatka). Furthermore, applying 

organic residue analysis to a variety of material culture and activity zones (e.g., soil, hearths), 

also within the pottery horizon, will allow for the development of a broader view of 

(sub)Arctic culinary practices.  

Proteomics 
Another very exciting course of research is proteomics. Protein research in pottery residues 

allows for a much higher resolution, making it possible to identify specific species and in 

some cases even the specific origin of the protein in the body. The application of this method 

to pottery residue research has proven its potential at the Alaskan coastal site of Point Barrow 
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where Thule pottery was successfully tested for the presence of proteins, and was concluded 

to have been used to process a harbour seal (Solazzo et al. 2008). This method could be of 

great value in discrimination between aquatic, and other, species, and could have significant 

implications for the interpretation of archaeological contexts. Because of the excellent 

preservation of Alaskan residue samples Dr. Jessie Hendy and Krista McGrath attempted to 

extract proteins from the carbonized crust of pottery samples of the NAK8 Thule site on the 

Alaska Peninsula. Unfortunately, no proteins were preserved in these samples. This may be 

due to the extensive storage time of the sherds (since 1998), or it could be due to the very oily 

character of the samples as indicated by high C:N ratios. Such samples are generally low in 

proteins. Nonetheless, in the (near) future proteomics may prove an invaluable addition to 

pottery residue studies, especially when working with freshly excavated materials. 

Future areas for (sub)Arctic lipid research 

This research has made a significant contribution to our knowledge of the trajectory of 

Alaskan durable container technologies and specifically the adoption of pottery. These results 

are significant locally, but also in the light of larger patterns of hunter-gatherer-fisher pottery 

in Eurasia. Nonetheless, (sub)Arctic pottery residue research is still in its infancy, with only a 

few residue studies to date (Anderson et al., 2017; Farrell et al., 2014; Heron et al., 2013; 

Jeanotte et al., 2012; Solazzo and Erhardt, 2007). There are several areas where residue 

analysis of pottery could be crucial for the understanding of the larger processes of pottery 

dispersal, adoption and rejection. While we draw conclusions on the adoption of pottery into 

the New World, we lack residue data of the very earliest pottery from the Bering Strait region 

where the technology presumably entered Alaska. Residue analysis of pottery from Alaskan 

sites such as Iyatayet (Tremayne et al., 2018), Cape Nome, and Choris is needed to fill in the 
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gaps. To test diversity in pottery function the few occurrences of inland pottery in Alaska 

(e.g., at Onion Portage), should also be tested for organic residues.  

The link between Alaskan pottery and that of Northeast Asia, and specifically Siberia, has 

long been apparent (Ackerman, 1982). While the implications of this connection for pottery 

function have been explored here, it was beyond the scope of this research to include Siberian 

pottery samples to test for residues. Nonetheless, it is vital to test Siberian pottery in a 

systematic way. The lack of knowledge of pottery function as well as of solid radiocarbon 

dates from this area makes it very difficult to comprehend the timing, pace and drivers of this 

major pottery dispersal event. Only by systematically testing well-dated Northeast Siberian 

pottery by organic residue analysis, will patterns in pottery function truly stand out. Here it 

was predicted that the riverine Northeast Siberian pottery was used predominantly for the 

processing of aquatic resources, based on the locations of these pottery-bearing sites on large 

river systems. Organic residue analysis is a good tool to test the validity of that hypothesis.  

Final conclusion 

While more work needs to be done, this doctoral research has made a clear contribution to the 

knowledge of Alaskan container technologies, social and cultural life, but also advanced 

methodological knowledge. It includes novel work on several subjects: 1) stone bowls from 

the Aleutian Islands were never before discussed in the literature, nor subjected to residue 

analysis; 2) organic residue analysis was for the first time applied systematically to the 

earliest pottery in Alaska, 3) as well as to the pottery of Kodiak Island, another neglected 

artefact category; 4) this research addressed the problem of manufacture-derived lipids and 

their visibility in archaeological samples through an innovative experimental study; and 5) 

this research provided excellent examples of aquatic lipid profiles that were exceptionally 
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well preserved and can function as reference material for other studies. A co-authored paper 

accepted by Antiquity (Taché et al., 2019) that uses one of the samples of this project as a 

reference, attests to this.  

This is a novel and important contribution to Alaskan archaeology and anthropology, the 

archaeology of interconnections across the Bering Strait, as well as for hunter-gatherer 

pottery research in general. Furthermore, it provides new information about the direct 

ancestors of many native cultural groups, that still live in the area today. Its conclusions 

illustrate the importance of making connections and comparisons beyond a defined research 

region. Additionally, the research reaffirms the relevance of the method for the investigation 

of not just pottery function, but also subsistence practices, cultural innovation and 

connection, and the larger trajectory of hunter-gatherer-fisher pottery adoption, dispersal and 

rejection, in both the Old World and the New. 
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Summary in English 

This PhD research investigates the adoption of pottery technology into New World Subarctic 

(i.e., Southwest Alaska), through the application of organic residue analysis and stable isotope 

analysis to identify pottery function. While durable containers such as pottery first made their 

appearance as early as 20,000 years ago in southeastern China, the adoption of such 

technologies was significantly delayed in (sub)Arctic regions. In fact, the very presence of 

pottery in this extreme marginal area has long been considered an enigma, as the Arctic 

environment and climate is ill-suited for pyrotechnology. Nonetheless, ceramic technology 

made an abrupt appearance in Alaska by about 2,800 years ago. While there is general 

consensus that the ultimate source of this Alaskan pottery tradition lay in Northeast Asia, the 

drivers behind the adoption of pottery into the New World have remained largely unclear, but 

are thought to be associated with a maritime intensification.  

By applying organic residue analysis to nearly 40 early pottery vessels from the Alaska 

Peninsula it was found that early pottery was in fact generally used to process anadromous 

species such as salmon. This riverine focus of pottery function is further supported by the 

distribution of early pottery sites adjacent to large river systems, both in Alaska as well as in 

Northeast Siberia. It is only later that a focus on the coastal zones becomes apparent. 

Therefore, while some have suggested (or assumed) that Alaskan pottery was a tool inherent 

to maritime adaptations, mainly on the basis of ethnographic information, we argue that the 

first Alaskan (Norton) pottery was in fact an integral part of a riverine adaptation that 

originated in the Late Neolithic cultures of interior Northeast Siberia.  

The shift from a riverine to a marine focused function of the pottery occurs in Alaska with the 

introduction of the Thule phase (ca. 1,000 cal BP to contact times). This is apparent on the 
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Alaska Peninsula and on Kodiak Island where about 40 Thule and Koniag vessels were tested. 

Locally, differences in uptake are apparent. In the Aleutian Islands stone bowls, used to 

render marine mammal oils, occur as early as 9,000 years ago, but were never used on the 

neighbouring Alaska Peninsula. On Kodiak Island pottery adoption was significantly delayed 

(by 2,000 years compared to the Alaska Peninsula). These differences in uptake may reflect 

long-established social boundaries that are apparent in material culture as well as in linguistics 

on Kodiak Island, the Alaska Peninsula and the Aleutian Islands. Nonetheless, this research 

shows a fairly uniform function for durable container technologies in SW Alaska: the 

processing of aquatic resources. These insights make an original contribution to the wider 

debate on hunter-gatherer pottery adoption, and further supports its connection to the 

exploitation of aquatic products. 

Samenvatting in het Nederlands 

In dit doctoraal onderzoek staat de adoptie en functie van aardewerk technologie in 

Subarctisch (zuidwest) Alaska centraal. Dit is onderzocht door middel van vetzuuranalyse en 

isotopenanalyse. In zuidoost China was aardewerk al zo’n 20,000 jaar geleden in gebruik. In 

het Arctisch en Subarctisch gebied was de adoptie van deze technologie echter significant 

vertraagd. Vanwege het koude, en vochtige klimaat, alsmede het gebrek aan bomen voor 

brandhout, is het voorkomen van aardewerk technologie in het hoge noorden zelfs lange tijd 

gezien als zeer uitzonderlijk en afwijkend. Desondanks werd aardewerk toch zo’n 2,800 jaar 

geleden plotseling geïntroduceerd in Alaska. De algemeen geaccepteerde origine van deze 

technologie ligt in Noordoost Azië. Echter, de factoren die de verspreiding van aardewerk 

aandreven zijn nog grotendeels onbegrepen, en zijn tot nu toe vaak toegeschreven aan een 

intensivering van een maritieme adaptatie. 

232



Door de methode vetzuuranalyse toe te passen op 40 aardewerken potten afkomstig van de 

Alaska Peninsula, is het duidelijk geworden dat dit vroege aardewerk in werkelijkheid 

voornamelijk gebruikt werd voor het verwerken van anadrome vissoorten, zoals zalm. Deze 

focus op het vissen in rivieren wordt verder onderbouwd door de verspreiding van 

archeologische vindplaatsen met aardewerk in Alaska, allen gelegen in de zeer dichte 

nabijheid van grote riviersystemen. Dit is een patroon wat ook in noordoost Siberië zichtbaar 

is. Alhoewel ook de vroege vindplaatsen in Alaska dicht bij de kust blijven, zijn deze altijd te 

vinden nabij riviermondingen. Pas later (ca. 1,000 jaar geleden) neemt de jacht op mariene 

zoogdieren toe. In dit onderzoek is voorgesteld dat het vroegste aardewerk in Alaska niet 

verbonden was met een maritieme adaptatie, maar in werkelijkheid een integraal onderdeel 

was van een intensieve focus op het grootschalig vissen naar zalm in de rijke rivieren van 

zuidwest Alaska: een traditie die zijn oorsprong vindt in noordoost Siberië. 

Met de introductie van de maritiem gefocuste Thule cultuur in Alaska, zo’n 1,000 jaar 

geleden, veranderde de functie van het aardewerk. Op de Alaska Peninsula, alsmede op 

Kodiak Island, is dat goed zichtbaar in de organische residuen van aardewerk uit deze latere 

fases (ca. 40 monsters). Die zijn voornamelijk marien van oorsprong. Ondanks de 

aanwezigheid van deze grote trends zijn er toch ook grote verschillen in de lokale adoptie van 

aardewerk zichtbaar. In de Aleoeten werden al 9,000 jaar lang stenen kommen gebruikt voor 

het verwerken van marine vetten en olie van zeezoogdieren. Echter, deze artefacten zijn nooit 

gevonden op de nabijgelegen Alaska Peninsula. Bovendien, op Kodiak Island werd aardewerk 

lange tijd geweerd, en vond de adoptie van de technologie pas 2,000 jaar later dan op de 

Alaska Peninsula plaats. Deze verschillen in de adoptie van aardewerk, en de weerstand 

daartegen, komt hoogstwaarschijnlijk voort uit diep gevestigde sociale verschillen en grenzen 

tussen verschillende culturele groepen. Dit soort sociale grenzen zijn duidelijk waarneembaar 
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in archeologische context aan de hand van artefact vorm en stijl, maar ook aan bijvoorbeeld 

verschillen in dialect tussen de regio’s, en zelfs intraregionaal op Kodiak Island tussen het 

noorden en zuiden. Desalniettemin, aan de hand van de resultaten van dit onderzoek, is 

gebleken dat de functie van aardewerk en stenen potten, ondanks subtiele verschillen, zeer 

uniform was: namelijk voor het verwerken van aquatische dieren.  

Dit onderzoek draagt bij aan het grotere debat over de adoptie van aardewerk door jager-

verzamelaarsgroepen, en de onderzoeksresultaten ondersteunen de connectie tussen jager-

verzamelaarsaardewerk en de exploitatie van aquatische producten. 
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Statements to supplement the thesis 
 
 

The adoption of pottery into the New World 
Exploring pottery function and dispersal in Southwest Alaska  

through organic residue analysis 
 
 

Marjolein Admiraal 
 
 

 
1. Pottery in SW Alaska was a specialized tool for aquatic resource processing.  

 
2. The preservation of pre-firing manufacture-derived lipids (due to the addition of 

organic materials to the clay during manufacture) is minimal in pottery fired at 
temperatures over 400°C.  
 

3. The high occurrence of stone bowls in the Aleutian Islands at around 3.000 cal BP was 
a result of climatic instabilities (the Neoglacial). As a result, the Aleut started using 
stone bowls to render marine mammal oil (with direct heating), instead of cold-
rendering which is highly dependent on stable temperatures and is costly in time.  

 
4. Site distribution patterns of pottery sites in SW Alaska indicate the importance of 

aquatic resources for both the Norton and Thule cultures. Pottery use is highly 
dependent on geographical location (coastal vs. riverine). However, coastal pottery is 
also often used to process salmonids, harvested at large river mouths on the coasts. 

 
5. Pottery was introduced in the New World as part of a Late Neolithic riverine 

adaptation originating in Northeast Asia.  
 

6. The late, and uneven adoption of pottery on Kodiak Island was mainly due to social 
boundaries, also reflected in other material culture and linguistic variability. On 
Kodiak the uneven distribution of pottery may be connected to Late Koniag whaling 
practices, as indicated by residue results and the distribution of contemporaneous whale 
remains. 
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