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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-
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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 

145



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 
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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 
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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.  

 

151



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. 

157

https://paperpile.com/c/2BYJyl/DFxo+GjoV4+EqYDd+EEcFe+2WWKP+yyYDY+UaGQ2
https://paperpile.com/c/2BYJyl/DFxo+GjoV4+EqYDd+EEcFe+2WWKP+yyYDY+UaGQ2


 

 

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 
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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. 

166



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.  
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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. 

 
 
 
Acknowledgments. This research is a part of MA’s PhD research project, hosted by the 

University of Groningen Arctic Centre as well as the BioArCh laboratory of the University of 

York and co-supervised by co-authors PDJ and OEC. The project is funded by the University 

of Groningen, Faculty of Arts. Additional support for residue analysis came from the Arts 

and Humanities Research Council (AH/L0069X/1). We would like to thank the Alutiiq 

Museum, the Old Harbor Native Corporation, Koniag Inc., Akhiok Kaguyak, Inc., the U.S. 

Fish and Wildlife Service, and the Smithsonian Arctic Studies Centre for granting access to 

the archaeological pottery collections. Special thanks to Patrick Saltonstall and Amy Steffian 

for sharing their ideas and their invaluable comments to the manuscript. MA would like to 

thank Dr. Shinya Shoda for his important contribution to her lab training, and Marnie Leist 

and Aron Crowell for their help navigating the museum collections.  

 

171



Data Availability Statement. The authors confirm that the original data presented are made 

available in the Supplemental materials of this article (i.e., Supplemental Table 3 (lipid data) 

and 4 (isotope data)).  

 

Supplemental Materials. For supplemental material accompanying this paper, visit 

www.journals.cambridge.org/americanantiquity [to be added]. 

Supplemental Figure 1. (a-g) rim shapes of Koniag pottery at Karluk One. 

Supplemental Table 1. List of sites as presented in Figure 1. 

Supplemental Table 2. List of samples, including original catalog ID, radiocarbon dates and 

references. 

Supplemental Table 3. Organic residue results. 

Supplemental Table 4. Isotope analysis results (bulk and compound specific). 

 

172



173



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
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# 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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