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Abstract

An Alaskan archaeological tradition, the Northern Archaic, (~6,000-1,000 cal years BP) is often 

identified based on the presence of side-notched bifaces. Variation among these bifaces, commonly 

referred to as projectile points, is not well understood. This study examines morphological and functional 

variability among a sample of 209 notched bifaces from 63 Northern Archaic sites located in central and 

northern Alaska. The nature and extent of variability were examined on several scales, including: 1) 

across ecological regions of Alaska, 2) throughout the mid-Holocene (6,000-1,000 cal years BP), and 3) 

within a single site (the Ratekin site, HEA-187).

Morphological variation was examined using metric and nonmetric variables, including length, 

width, thickness, and raw material type. This study also employs a 2-D geometric morphometric 

landmark based analysis, which is intended to provide a less subjective view of variation in tool 

morphology. Side-notched bifaces in the sample show a large degree of variation, both across sites and 

within the Ratekin site. There are some differences in shape among bifaces from Polar and Boreal regions 

of Alaska, which may indicate regional varieties. There appears to be some variation in the degree of 

standardization in side-notched biface production over time; between 3000-2,000 cal years BP, there is a 

decline in variability across the majority of the metric shape variables, suggesting a greater degree of 

standardization.

Functional variability was assessed using three lines of evidence: breakage patterns, macroscopic 

wear patterns on the distal end, and a Dart-Arrow Index. Sixty percent of the side-notched bifaces in the 

sample exhibit some breakage, most of which were lateral/transverse breaks located on the shoulders and 

neck of the tool. Biface tips show evidence of use and frequent rejuvenation. Similar breakage and use 

patterns, and dart-arrow values were found across the ecological regions, throughout the mid-Holocene, 

and within the Ratekin site sample. Despite the shifts in morphology identified at regional and temporal 

scales, this indicates that side-notched bifaces served a similar function at all scales examined.

Variation in side-notched bifaces was also considered from the perspective of human behavioral 

ecology, focusing specifically on risk management and how strategies for mitigating risk may be reflected 

in lithic assemblages (through invention, innovation, and standardization). Other risk management 

strategies employed during the Northern Archaic may include communal hunting, subsistence 

diversification, and high residential mobility. Within this framework, the increased standardization among 

side-notched bifaces during 3,000-2,000 cal years BP may be a reflection of a risk-averse behavior, 

supported by evidence of subsistence diversification at Northern Archaic sites after 4,000 cal years BP.
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Chapter 1 Introduction

Projectile point studies are commonplace among archaeologists (Buchanan et al. 2016; Knecht 

1997), dating back to early studies of lithic tools (Kidder and Guernsey 1919; Knoles 1880; Pepper 1905; 

Smith 1900). This is due to their significance in two important systems of cultural activity: subsistence 

and technology. In the broadest perspective, changes in technology reflect changes within a society, 

though the mechanisms for change can be numerous (Fitzhugh 2001). Understanding the various 

mechanisms for change in past populations is difficult when viewed through a limited dataset such as the 

archaeological record. Studies have aimed to define projectile points as cultural markers (Beck 1998;

Bettinger et al. 1991; Charlin and Gonzalez-Jose 2012; Mesoudi and O'Brien 2008; Okumura and Araujo 

2015), to understand functionality through metrics and experimental studies (Arndt and Newcomer 1986; 

Austin 1986; Flenniken and Raymond 1986; Hunzicker 2008; Shea et al. 2002; Weitzel et al. 2014), and 

to identify specific cultural practices (Akerman 2007; Ellis 1997). Others have reviewed the past lithic 

analyses, highlighting faulty assumptions and reassessing methodology (Bamforth 2009; Hildebrandt and 

King 2012; Keeley 1974; Krieger 1944; Thomas 1986). This process has produced a vast and varied 

literature, all focused on the role of lithic projectile weapon systems in past cultures. Projectile points and 

bifacial tools have been a focus of analyses of lithic technology within Alaska, as well.

Side-notched bifaces (often referred to as projectile points) have been found in abundance at 

Northern Archaic archaeological sites (Ackerman 1968; Anderson 1968a; Giddings 1962; Holmes 1986; 

Skarland and Keim 1958). Side-notched bifaces have been incorporated into numerous studies on the 

Northern Archaic and mid-Holocene cultures in Alaska (Esdale 2008, 2009; Keeney 2019; Potter 2008b, 

c; Rasic and Slobodina 2008); however, few studies focus on the tool itself (but see Esdale 2008). This is 

likely attributable to the large range of variation present among side-notched bifaces, and the challenges 

which surround any analysis undertaking fundamental questions of variability within a technological 

system. This study aims to delineate patterning in metric, geometric, and non-metric variables relating to 

the morphology and functionality of the side-notched bifaces found at Northern Archaic sites, in order to 

better understand the cultural practices of the Northern Archaic and the role of the side-notched biface.

1.1 Research Questions and Expectations

The primary objective of this thesis is to document, explain, and understand two types of 

variation of side-notched bifaces found at Northern Archaic sites: morphological and functional variation. 

Lithic tool morphology relates to shape, size, and structure of the artifact (Knecht 1997). These tools were 

made by humans, which allows for a natural degree of variation in a single tool class (Knecht 1997). The 

morphology of a tool can relate to different elements of a tool (e.g. the blade or base of a tool) and these 
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elements can reflect different design constraints, such as style or function (Jelinek 1976). However, how 

the tool functioned and was used cannot not be determined solely by examining morphology (Andrefsky 

1997). Therefore in this study, morphological and functional variability are separately examined to 

provide a comprehensive analysis of the side-notched bifaces found at Northern Archaic sites in Alaska.

The magnitude and potential causes for variability are examined on several spatial and temporal 

scales, including: 1) a wide geographic expanse across several ecological regions of Alaska; 2) across 

1,000 year intervals throughout the mid-Holocene and the majority of the temporal extent of the Northern 

Archaic; and 3) within a tool assemblage from a single location and occupation in central Alaska.

In order to provide a broader understanding of the role of the side-notched biface during the 

Northern Archaic Tradition, inferences of behavior and changes in technology are viewed from the 

perspective of human behavioral ecology. Morphological and functional variation throughout the mid

Holocene are examined through the lens of human behavior ecology, specifically focusing on the role 

played by risk in shaping technological variation. Potential risk management strategies may be reflected 

in the archaeological record by increased or decreased variability (standardization) within a tool type.

Other types of bifacial tools have been found at Northern Archaic sites, notably lanceolate and 

oblanceolate points, as well as bifacial scrapers and tools described as knives. There have been several 

studies examining variation among other bifacial tools associated with the Northern Archaic (Anderson 

1988; Esdale 2009; Rasic and Slobodina 2008; Slobodina et al. 2009); however, this study primarily 

focuses on variation present among side-notched bifaces. The following research questions and objectives 

aim to build upon previous studies, examine potential causes of variation on several scales, and provide a 

comprehensive analysis of side-notched bifaces found at Northern Archaic sites in Alaska.

1.1.1 Intersite Variation

1. What is the nature and extent of morphological variation among side-notched bifaces found at

Northern Archaic archaeological sites?

How much morphological variation is present in side-notched bifaces found at Northern Archaic 

sites? To answer this question, a large sample (N=209) of side-notched bifaces from sites across northern 

and central Alaska (N=63) are analyzed in order to capture the full extent of morphological variation. 

Many studies use variation among metric and morphometric data to characterize the shape, size, and 

structure of bifacial tools (Gingerich et al. 2014; Mesoudi and O'Brien 2008; Odell and Cowan 1986; 

Okumura and Araujo 2014; Shea et al. 2002; Tomka and Prewitt 1993; White 2013).

2



In addition, the raw material used for the production of a lithic tool may have a significant 

influence on the overall morphology. Esdale (2009) found that morphology of side-notched bifaces at 

several northern Alaska sites varied based on raw material type. She noted that length, width, and 

asymmetry varied most among the side-notched bifaces and suggested that raw material availability and 

blank size may have influenced side-notched biface morphology.

Many previous Northern Archaic studies examining biface variability have been primarily 

descriptive and limited to regional or intrasite spatial scales (Ackerman 1968; Anderson 1968a; Giddings 

1962; Holmes 1986; Keeney 2019; Potter 2008b; Rasic and Slobodina 2008; Skarland and Keim 1958). 

While some variation has been noted, side-notched bifaces found at Northern Archaic sites are generally 

thought to be morphologically homogeneous and have been used as an index artifact for the Northern 

Archaic. Generally, side-notched bifaces are characterized by an unstandardized bifacial flake pattern, 

excurvate lateral margins, side to corner notching, straight to concave bases, and they are commonly 

asymmetric (Rasic and Slobodina 2008). Based on previous studies, I expect to see little morphological 

variation within the large, intersite sample. Any morphological variation present may relate to differences 

in the raw material used for production.

2. What is the nature and extent of functional variation among side-notched bifaces found at

Northern Archaic archaeological sites? What are the types and locations of breakage, and what 

macroscopic wear patterns are present on the distal end of the tools? What inferences about the 

function of the sampled bifaces can be made based on the breakage patterns? Do side-notched 

bifaces represent a single functional class of artifacts or can multiple classes be identified?

When examining a large sample of side-notched bifaces from Northern Archaic sites, it is 

apparent that many of the tools have been broken and possibly subjected to multiple periods of reuse. 

However, little quantitative data exist detailing the breakage patterns on these tools. Data about breakage 

patterns can speak to potential uses for the tool (Dockall 1997) and may provide insight on important 

aspects of subsistence practices (Ahler 1971; Driskell 1986; Iovita et al. 2014). Examination of breakage 

patterns and macroscopic patterns of wear observed on the distal end (tip) allow for insights about tool 

use and function (Buchanan et al. 2011; Shott 1989). This analysis will also speak to the functional role of 

the side-notched biface in Northern Archaic culture.

Previous studies of side-notched bifaces associated with the Northern Archaic suggest that these 

tools had multiple functions, including as a projectile point (dart or arrow) and knife. Given the frequent 

presence of impact fractures and damage, as well as a pointed tip designed for penetrating tough hides, 

side-notched bifaces are often identified as projectiles (Rasic and Slobodina 2008). Ice patch data from 
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the Yukon Territory provides rare evidence of side-notched bifaces hafted onto a foreshaft, dating to the 

mid-Holocene; these objects are interpreted to be part of a projectile/throwing dart system (Hare et al. 

2004). However, given the often asymmetrical shape and sometimes short and round morphology of the 

bifaces, several scholars have observed that the design is more consistent with a cutting or sawing 

function and less suited as a projectile (Christenson 1986; Lobdell 1995; Truncer 1990). Giddings and 

Anderson (1986) stated that blunt and asymmetrical bifaces seemed better suited as knife blades rather 

than projectile tips. Similarly, Clark and Clark (1993) proposed that a wide biface found at a site near 

Batza Tena served as a hafted knife. Although microscopic use-wear analysis is beyond the scope of this 

project, a consideration of breakage and macroscopic use patterns should provide inferences about the 

function of side-notched bifaces.

1.1.2 Ecological and Regional Variation

The state of Alaska is made up of incredibly diverse ecological regions including marine, tundra, 

boreal and rainforest environments. The environment often exerts powerful selective pressures that can 

shape the behaviors and technology of humans. Hunter gatherers also contended with the selective 

pressures of past environments (Jeske 1992; Laland and O'Brien 2010; Torrence 1989b). In this study, 

morphological and functional differences in side-notched bifaces found at Northern Archaic sites are 

examined on multiple scales, based on a variety of ecological factors (using datasets from Nowacki et al. 

2001). These levels of division began broad and become narrower with each division: level 1 divides the 

state in two regions, level 2 divides the state into three regions, and level 3 divides the state into eleven 

regions.

1. Are there morphological differences among bifaces found in different regions of Alaska? Is there 

evidence for regionalization of side-notched bifaces?

Previous studies speculated that there are regional varieties of side-notched bifaces associated 

with the Northern Archaic; this speculation was based on morphological traits. Some have hypothesized 

that several regional varieties of the side-notched biface may exist, such those found at Palisades 

(Anderson 1972), Tuktu (Campbell 1961), and the Security Cove site in southwestern Alaska (Ackerman 

2004, 2008). The Old Whaling tools have been linked to coastal Northern Archaic occupations (Darwent 

and Darwent 2016; Giddings and Anderson 1986; Mason and Gerlach 1995) though the association is 

considered weak and has been questioned (Darwent and Darwent 2016). These varieties have been 

described as differing in lateral asymmetry, size of ears, and relative length and width (Esdale 2009). 

Esdale (2009) suggests that morphological variation among side-notched bifaces may be due to type of 
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raw material used for production. As raw material availability varies by region, raw material type used for 

production may influence regional differences in side-notched morphology.

2. Is there regional patterning in the types and locations of breakage patterns, or in macroscopic 

wear patterns on the tips of the bifaces? Could there be regional types of side-notched bifaces, 

based on function?

As discussed, some studies have examined functionality of side-notched bifaces, determining that 

they likely functioned as a projectile point (specifically dart; Keeney 2019; Rasic and Slobodina 2008); 

however, these studies are often limited to samples from a single region and do not address how or if 

morphological variation across regionals may relate to a different tool function. Based on previous work, 

I expect that there will be little functional variation present among side-notched bifaces found at Northern 

Archaic sites, and the variation present will show patterns consistent with use as a projectile point.

1.1.3 Temporal Variation

Material culture associated with the Northern Archaic has been found at sites dating to the mid

Holocene and spans a period of at least 5,000 years across central and northern Alaska (Dixon 1985; 

Esdale 2009; Giddings 1962; Holmes 2001, 2008; Potter 2008 a, b, c), representing a relatively wide span 

of time. Based on studies showing the distribution of mid-Holocene sites in northern and central Alaska, 

the period from 6,000-1,000 cal years BP encompasses the majority of the temporal extent of the 

Northern Archaic in these regions. Significant variation over this period may reflect changes in behavior 

or modifications and shifts in technology (Fitzhugh 2001). Changes over time could be reflected in 

morphological and functional variation. If morphological variation is present on a temporal scale, changes 

over time can be explored in terms of standardization, or the measure of the degree to which artifacts are 

made to be the same.

1. Are there morphological differences among side-notched bifaces throughout the mid-Holocene? 

Is there standardization among side-notched bifaces throughout the mid-Holocene? Are there 

periods of relatively higher or relatively lower standardization?

2. Are there changes in breakage and wear patterns on side-notched bifaces throughout the mid

Holocene? What inferences can be made about changes in use and functionality throughout the 

mid-Holocene?
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In northern Alaska, Anderson (1988, 2008) observed morphological variation among side- 

notched bifaces found at Onion Portage, which he attributed to stylistic differences based on a temporal 

shift of cultural traditions. However, more recent studies have found a lack of evidence to support 

variation over time (Esdale 2009). Changes and shifts in tool morphology over time can be reflected by 

changes in standardization and measured through coefficient of variation (CV) values (Okumura and 

Araujo 2014). Based on previous studies, little morphological or functional variation is expected over 

time among side-notched bifaces. If temporal variation is present, I expect to see it in areas related to 

hafting, which is likely subject to less modification or damage, and the likeliest location for stylistic 

variation (Tomka and Prewitt 1993; White 2013).

1.1.4 Intrasite Variation

The Ratekin site (HEA-187) was discovered by Ivar Skarland and Charles Keim (1958) in 1957 

on a survey of archaeological sites in central Alaska; it contains an abundance (N=45) of side-notched 

bifaces associated with the Northern Archaic. When utilizing data drawn from large samples, key aspects 

of variation can be overlooked. The Ratekin sample represents an opportunity to examine variation in 

side-notched biface variation at a single site. Comparison of intersite and intrasite variation may help 

determine whether patterns found in the large sample are a result of scalar or sampling issues, or 

congruent with the variation in bifaces found at a single site.

1. Are there morphological differences within the sample of side-notched bifaces from the Ratekin 

site (HEA-187)? What inferences about the morphology of the sampled bifaces can be made? 

How does the morphology of side-notched bifaces at the Ratekin site compare to the larger 

sample from multiple sites?

2. What are the types and locations of breakage patterns, and macroscopic wear patterns on the 

distal end of the tools? What inferences about the function of the sampled bifaces can be made by 

these breakage patterns? Do breakage and wear patterns present on side-notched bifaces at the 

Ratekin site differ from the larger, intersite sample?

It is expected that side-notched bifaces from the Ratekin site will show similar patterns to the 

intersite sample but may show a slightly smaller range of variation due to its smaller sample size. In 

addition, the Ratekin site sample is expected to exhibit similar patterns to other samples found in Boreal 

and Alaska Range regions.
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1.1.5 Risk Management Strategies and the Northern Archaic

One of the goals of this study is to provide insight on how prehistoric populations mitigated the 

effects of risk via their subsistence practices and aspects of technology (Bousman 1993; Buchanan et al. 

2016; Collard et al. 2013; Eren and Andrews 2013; Fitzhugh 2001; Torrence 2002; Winterhalder 2007). 

Several studies have specifically addressed how Northern Archaic people may have responded to risk, 

focusing on Northern Archaic toolkit variability (Esdale 2009; Keeney 2019; Rasic and Slobodina 2008; 

Wilson and Rasic 2008). These studies suggest that the complex and diverse toolkits found at Northern 

Archaic sites relate to risk reduction or minimization strategies. Resource availability may heavily 

influence the use of risk management strategies employed during the Northern Archaic period.

This study explores a range of hypothetical risk management strategies, based on archaeological 

evidence at Northern Archaic sites. Risk management strategies can be considered as falling along a 

spectrum ranging from risk-averse to risk-prone (Fitzhugh 2001). Risk-averse strategies are likely to take 

place during times of uncertainty or in anticipation of uncertain outcomes (Winterhalder et al. 1999). 

Risk-prone strategies are behaviors linked to unpredictable outcomes over more certain outcomes; this 

differs from risk-averse and avoidance strategies (Winterhalder et al. 1999). Past groups likely practiced 

both risk-averse and risk-prone behaviors, shifting from one to the other when a need arose and as the 

availability of resources fluctuated through time (Bousman 1993; Fitzhugh 2001).

Based on evidence found in Northern Archaic assemblages, some risk-averse strategies utilized 

by the Northern Archaic may include communal hunting for caribou and subsistence diversification 

(widening of the diet breadth), as well as specific patterns of land use and mobility (Ackerman 2004; 

Potter 2008a, b, c; Potter at al. 2018; Wilson and Rasic 2008). Risk-prone strategies may have been 

employed in response to an increase in resource competition (within or among Northern Archaic groups) 

or between groups producing material culture associated with the Northern Archaic versus the Arctic 

Small Tool tradition (ASTt).

While previous studies view risk management as relating to Northern Archaic assemblage 

variability, this study focuses on the side-notched biface and morphological changes which may reflect 

the use of risk management strategies. The introduction (invention and innovation) of a new technology, 

advances in extant technologies, elimination of a previously used technology (Collard et al. 2013; 

Hiscock 1994; Mason and Bigelow 2008), or standardization of current technology (Bamforth and Bleed 

1997; Clarkson et al. 2012; Eerkens 1998; Hayden et al. 1981; Myers 1989) may all serve to mitigate risk. 

Changes in morphological variation among side-notched bifaces could reflect these strategies: greater 
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variation may suggest invention and innovation and reflect a more risk-prone strategy; while less 

variation indicates standardization, which is seen as risk-averse strategies.

1. Are there changes in the degree of standardization among side-notched bifaces throughout the 

mid-Holocene (6,000-1,000 cal years BP)? Does this support inferences of risk management 

strategies employed by the Northern Archaic? What can the technological implications of using 

risk management strategies say about Northern Archaic behavior throughout the mid-Holocene?

a. Expectation #1: Regionally unpredictable and marginalized resources or increased 

population dynamics and competition, could result in decreased rates of standardization 

and increased rates of variability. This reflects greater modification, invention and 

innovation and would be consistent with adoption of what are known as risk-prone 

strategies.

b. Expectation #2: A number of aspects of the Northern Archaic archaeological record 

suggest the use of risk-averse strategies, including communal hunting, subsistence 

diversification, and high residential mobility. Technological implications of a risk-averse 

strategy would be increased rates of standardization and decreased rates of variability.

1.2 Organization of Study

The thesis is organized into six chapters. Chapter 2 provides background on the Northern Archaic 

and its position in regional cultural chronologies across Alaska. Rounding out this background chapter is 

a synthesis of our current understanding of the Northern Archaic tradition. Chapter 3 discusses how 

archaeologists have employed the concept of risk, and explores risk management strategies possibly 

utilized by the Northern Archaic, and the technological implications of different risk management 

strategies. Chapter 4 provides background for the methodology utilized and details the process of data 

collection. Chapter 5 presents the analytical results. Finally, Chapter 6 revisits the research questions and 

expectations, provides an interpretation of the importance of side-notched bifaces within Northern 

Archaic material culture, and outlines future directions for research.

1.3 Significance of Research

Several studies between 1960-1980 established and defined the Northern Archaic tradition in 

Alaskan archaeology (Ackerman 1968; Anderson 1972, 1988; Campbell 1961; Cook 1969; Giddings 
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1962). These studies provided descriptive observations of side-notched bifaces associated with the 

Northern Archaic and sought to understand their size, shape, and function. Despite recent in-depth studies 

examining side-notched bifaces as they relate to the broader Northern Archaic toolkit (Esdale 2009; 

Keeney 2019; Potter 2008b, c; Rasic and Slobodina 2008), few studies focus on the tool itself (but see 

Esdale 2008). The lack of large, multi-regional studies and the tendency for researchers to use the side- 

notched biface as an “index artifact” to identify Northern Archaic assemblages has produced many 

questions about the extent of variation present among these tools.

This study provides a comprehensive analysis of the side-notched biface by examining two key 

aspects of artifact variation: morphology and functionality. Morphological variation encompasses the 

range of size, structure, and shape of the artifact. This study provides a quantitative description of the 

nature and extent of morphological variation present among side-notched bifaces. Functional variation 

has implications for tool use and function; analysis of functional variation also provides baseline data for 

future studies (such as use-wear and experimental analyses). In addition, this study examines variation 

across several spatial and temporal scales, in order to identify the likeliest sources and mechanisms for 

variation. By examining both types of variation, this study builds upon the knowledge base of side- 

notched bifaces and the Northern Archaic.
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Chapter 2 Background

This thesis focuses on the Northern Archaic, an archaeological culture found in northern and 

central Alaska during the mid-Holocene (6,000-1,000 years before present). This chapter outlines the 

original and current definitions of the Northern Archaic tradition, as well as its position in past and 

current archaeological chronologies. It includes a synthesis of the tradition and discusses Northern 

Archaic lithic assemblages, with an emphasis on side-notched bifaces. This chapter provides a general 

overview of Northern Archaic technology, subsistence practices, and settlement patterns.

2.1 Northern Archaic Tradition: Original Definition and Chronology

Definitions for the Northern Archaic vary, and this chapter reviews these definitions and how the 

Northern Archaic fits into cultural chronologies for northern and central Alaska. During the 1950s, 

researchers discovered several sites with an abundance of side-notched bifaces that did not appear to be 

associated with previously described archaeological cultures. These included the Black River site along 

the Kobuk River (Giddings 1952, 1962), the Ratekin site near Paxson (Skarland and Keim 1958), and the 

Tyone River site in the Susitna River Valley (Irving 1957). Alaskan typologies which included side- 

notched bifaces began being developed by Arctic researchers; these were based on tools found at the 

Tuktu site in Anaktuvuk Pass (Campbell 1959, 1961, 1962) and Palisades site at Cape Krusenstern 

(Giddings 1960, 1961, 1962; Giddings and Anderson 1986). Both sites contained side-notched bifaces, 

and the Tuktu site was radiocarbon dated to 6,939-2,213 cal years BP (Campbell 1961, 1965; Gal 1982). 

These sites established a material culture found in northern and central Alaska, focused on side-notched 

bifaces and sometimes co-occurring with microblade technology, which would later be described as the 

“Northern Archaic tradition” (Anderson 1968b).

The term “Northern Archaic tradition” originally referred to a regional Subarctic cultural 

tradition identified in Components 5-7 of the stratigraphic sequence at the Onion Portage site (Anderson 

1968b, 1988). These components included side-notched and oblanceolate bifaces, notched pebble 

netsinkers, and endscrapers; however, microblade technology was absent at this site. This differed from 

the later Denbigh and earlier American Paleo-Arctic levels at the site, where microblades were abundant 

but notched bifaces were absent. Anderson (1988) noted that the Northern Archaic components at Onion 

Portage were closely related to other contemporaneous interior sites, and very different from coastal 

assemblages. Thus, the Northern Archaic was defined as a cultural tradition evidenced at northern interior 

sites, based on the presence of side-notched and oblanceolate bifaces (interpreted as both projectile points 

and knives), a lack of microblade technology, and radiocarbon dates between approximately 6,000-4,000 
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cal years BP (which also coincided with the disappearance of microblade technology from the beach 

ridges of Cape Krusenstern; Giddings 1962). In the absence of reliable radiocarbon dates, side-notched 

bifaces were often used as common index artifact for the Northern Archaic tradition. There was a general 

consensus that notched biface sites dated to the mid-Holocene, pre-dating the Arctic Small Tool tradition 

(ASTt; Esdale 2009).

Cultural chronologies for interior, northern Alaska show spatial and temporal overlap of several 

traditions during the mid-Holocene, including the American Paleoarctic tradition, Northern Archaic 

tradition, and ASTt complexes (Denbigh Flint, Choris, Norton, Ipiutak). Many archaeologists have 

attempted to understand the evolution and emergence of the Northern Archaic; it has been suggested that 

the tradition is the result of a diffusion of ideas (Clark 1994; Morrison 1987), independent 

invention/development (Clark 1992), or even a mid-Holocene population replacement (Dumond 1987; 

Workman 1978). For many years, some researchers thought that the Northern Archaic may have been 

associated with the northward spread of the boreal forest, based on the paleoenvironmental history at 

Onion Portage (Anderson 1968b; Esdale 2009); however, it was later determined that the boreal forest 

was established before the Northern Archaic (prior to 7,000 years BP) (Mason and Bigelow 2008). 

Despite the overlap, the Northern Archaic and ASTt have differing technologies and subsistence practices 

(Tremayne 2015c). Some studies suggest that the emergence and rapid expansion of ASTt in northern 

Alaska might explain the reduced presence of Northern Archaic material culture in Arctic regions, 

relative to the contemporaneous abundance in Subarctic regions (Keeney 2019).

Cultural chronologies for interior, central Alaska have incorporated the Northern Archaic 

tradition in different ways with varying levels of acceptance and use in the archaeological community. 

Dixon (1985) devised a cultural chronology for central Alaska based on variation in lithic artifact types, 

specifically focused on the presence and absence of microblade technology and bifacial tools. Dixon 

identified five prehistoric cultural complexes or traditions in central Alaska, ranging in time from 11,000 

RCYBP (radiocarbon years before present) to the present day (Figure 2.1). He proposed that the groups 

producing the Northern Archaic tradition likely expanded into northern Alaska 6,000 cal years BP and 

persisted until 3,500 cal years BP, when the Late Denali tradition began. Dixon found that side-notched 

bifaces occurred in the subsequent (Late Denali) complex, but these only exhibited convex bases; side- 

notched bifaces with concave bases were associated with the Northern Archaic (Dixon 1985). Dixon 

based this assertion on John Cook's typological distinction between the “Tuktu-like” (associated with the 

Northern Archaic) and “Athabaskan”-like side-notched points found in upper levels of the Healy Lake 

village site (Cook 1969; Cook and McKennan 1970) and TLM-184 (Dixon 1985). Dixon's chronology
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Figure 2.1. Cultural chronologies of central Alaska
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was later criticized for its exclusion of previous work defining archaeological traditions and it produced 

confusion about how the early Denali, Northern Archaic, and late Denali related to one another.

Using previously constructed tool typologies, radiocarbon dates, and interpretations of cultural 

migrations, Holmes (2008) proposed that the central Alaskan archaeological record should be built into a 

framework of prehistoric divisions of time, reflecting paleoenvironmental changes and incorporating a 

wide range of variation in cultural material. He argued for the use of periods rather than traditions, as the 

former are separated from cultural assignments and can encompass more variability than a tradition or 

complex (Figure 2.1). Holmes suggested a chronology of three prehistoric divisions, based on major 

environmental transitions: the Beringian period, the Transitional period, and the Taiga period. The Taiga 

period represents the last major environmental transition (9,000 years BP to historic times), in which 

birch-spruce woodland dominates the landscape. Holmes further divided the Taiga period in early, 

middle, and late stages, which are generally associated with a transitional Northern Archaic tradition, the 

Northern Archaic tradition, and Athabaskan traditions (Holmes 2001, 2008). This type of chronology can 

be useful and moves beyond narrow definitions of cultural groups, but can become environmentally 

deterministic when linking cultural shifts with environmental transitions. During the Early Taiga period, 

Holmes (2008) suggests two possibilities: (1) the earlier Denali complex slowly transitioned into the 

Northern Archaic, with some Denali traits (microblade technology) continuing on, or (2) there was an 

abrupt change in technology and the presence of microblades at certain sites is a result of the new 

technology mixing with Denali complex technology.

Potter's chronology of interior Alaska (2008a, b, c) places the Northern Archaic in central Alaska 

between approximately 5,800-1,000 cal years BP (Figure 2.1; Potter 2008b), based upon the continuity of 

lithic types and settlement patterns (Potter 2008a). Earlier cultural histories make distinctions between the 

Northern Archaic tradition (previously dated at 6,000-3,500 cal years BP) and the Late Denali complex 

(3,500-1,500 cal years BP), primarily relating to the absence and then resurgence of microblade 

technology. Much confusion and conflicting interpretations surround the distinction between Northern 

Archaic and Late Denali material culture as originally distinguished by Dixon (1985). Dixon attributes 

sites with lithic assemblages containing side-notched bifaces and microblade technology (assigned to the 

Denali complex) as evidence of “technological exchange or incorporation of material culture.. .suggestive 

of interaction between the Northern Archaic tradition and Late Denali complex” (Dixon 1985:59). While 

this may be the case, it is likely a misinterpretation of lithic technology and not representative of distinct 

cultural groups exchanging ideas and interaction (Esdale 2009; Holmes 2008; Potter 2008a). Instead, 

variation in lithic technology could be related to varied function and/or design within a single hunter

gatherer society. Recent studies provide evidence of a continued use of microblade technology throughout 
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the mid-Holocene, as well as continuous use of the same lithic toolkits and basic settlement patterns 

(Esdale et al. 2015; Potter 2008a). These patterns span from the appearance of the Northern Archaic in 

central Alaska around 5,800 cal years BP to approximately 1,000 cal years BP when a well-known 

transformation in settlement patterns, site structure, and technology occurred, which has been associated 

with the Athabaskan tradition (Dixon 1985; Helm and Sturtevant 1981; Potter 2008a, b, c; Shinkwin 

1977, 1979).

The Northern Archaic tradition is conventionally defined by characteristic tool types such as 

lanceolate projectiles, end and boulder spall scrapers, and side-notched bifaces, which are often 

accompanied by microblade technology (Esdale 2008, 2009; Potter 2008a, b, c). Some researchers argue 

that microblade technology is not associated with the Northern Archaic (Ackerman 2008); however, many 

studies have documented a clear association between the two (Clark and Morlan 1982; Esdale 2009; 

Holmes 2008; Potter 2008a, b, c; Rasic and Slobodina 2008). The presence or absence of a specific tool 

type can be highly problematic (Esdale et al. 2015), specifically when using diagnostic tool forms to 

identify archaeological cultures. The concept of a “pure” Northern Archaic without microblade 

technology has not been supported in many recent studies of the Northern Archaic (Holmes 2008; Keeney 

2019; Potter 2008a, b, c), and both side-notched biface and microblade technology have been 

demonstrated to co-occur throughout Alaskan prehistory, until approximately 1,000 cal years BP (Potter 

2008b, c). Our understanding of the Northern Archaic has been expanded (Esdale 2008, 2009; Potter 

2008a, b, c) and the newer definitions allow for variation among artifacts while also reducing typological 

limitations. Since there are varying definitions for the Northern Archaic tradition, it has created 

complications when attempting to measure consistency among artifact types and to track patterns.

2.2 Current Data Synthesis

2.2.1 Distribution

By 2009, over 200 Northern Archaic sites were recorded across Alaska and the Yukon Territory 

(Esdale 2009). This includes all sites with radiocarbon ages between 7,000-3,000 cal years BP, as well as 

undated sites containing side-notched bifaces (excluding the notched bifaces from the Old Whaling 

assemblages) and sites with material culture associated with the Northern Archaic (containing all or a 

combination of lanceolate points, microblade technology, or scrapers) where side-notched bifaces are 

absent. In 2019, this dataset was expanded to include 24 additional sites from northern Alaska (Keeney 

2019). As background research for this study, an additional 21 sites across the state were identified as 
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having Northern Archaic components and discovered after 2009, as listed in the Alaska Office of History 

and Archaeology Alaska Heritage Resources Survey (AHRS) database (ADNR OHA 2020).

Northern Archaic sites have been found throughout the state of Alaska, including the coast, and 

into Canada, where it is found in the Yukon territory as far east as the Mackenzie River, and as far south 

as the northern regions of British Columbia (Clark and Morlan 1982; Dumond and Bland 1995). Sites 

assigned to the Northern Archaic cultural tradition often include a) typologically assigned lithic 

assemblages, most including side-notched bifaces, b) dates between 6,000 cal years BP and 

approximately 1,000 cal years BP (depending on the region), and c) evidence for short term occupation 

and upland hunting sites. Many datable Northern Archaic components from northern Alaska span 6,000

1,500 cal years BP (Esdale 2008, 2009); however, Northern Archaic sites and material in central Alaska 

persist to approximately 1,000 cal years BP (Potter 2008 a, b, c).

Northern Archaic sites are found in a variety of ecological regions across the state of Alaska but 

are frequently located in mountainous and intermontane regions (Esdale 2009). Just as these sites are 

found in many different ecological regions, they are also found in a wide array of landscape settings 

(Potter 2008b, c). Esdale (2008) and Potter (2008c) individually reported that high ridges (50%; Esdale 

2008) and upland locations (61%; Potter 2008c) were the most frequent places to find sites, followed by 

lowlands, lake shores, river terraces, and riverbanks. Despite the wide distribution of Northern Archaic 

sites, recent studies (Tremayne and Winterhalder 2017) show 90% of Northern Archaic sites fall into the 

Interior Boreal and Brooks Tundra ecological regions (Nowacki et al. 2001). Although there are at least 

seven coastal sites with evidence of Northern Archaic occupation, Northern Archaic sites are rarely found 

on the coast; many remain undated and their chronologies not well understood (Ackerman 2004).

2.2.2 Environment and Climate

Few pollen records for central and northern Alaska provide resolution high enough to 

straightforwardly track environmental change and human experiences at the same scale during the mid

Holocene (Ager 1975, 1983; Anderson et al. 1994; Anderson et al. 2004; Bigelow et al. 2019; Mason and 

Bigelow 2008). However, those paleoenvironmental records (stable isotope, pollen, macrofossil, etc.) that 

have been examined suggest that mid-Holocene environments were similar to modern day environments 

(Anderson 1975; Anderson and Brubaker 1994; Anderson et al. 1989). The vegetation at the beginning of 

the mid-Holocene was not homogenous, and large areas of northwestern and northern Alaska were 

dominated by a mix of alder, tundra and other arboreal species (Mason and Bigelow 2008). Recorded 

movement of loess in montane valleys suggests an expansion of glaciers in northern Alaska due to a
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decrease in temperatures and increased snowfall between 7,000-4,500 years BP (Mann et al. 2002; Mason 

and Bigelow 2008). The Brooks Range saw increased precipitation and increased lake levels during the 

early Holocene (prior to approximately 7,200 cal years BP), followed by decreased water levels during 

the mid-Holocene (Mason and Bigelow 2008).

Lake levels in the Tanana Valley (central Alaska) are reported to be generally low in the 

beginning of the mid-Holocene and began increasing after 5,400 cal years BP (Bigelow et al. 2019; 

Mason and Bigelow 2008; Rohr 2001). Environmental conditions began to shift slowly from a warm and 

arid environment during the early Holocene and beginning of the mid-Holocene to a cooler, moist 

environment, resulting in a landscape dominated by black spruce throughout parts of the interior and 

southern Alaska (Bigelow et al. 2019; Mason and Bigelow 2008; Rohr 2001). This cold, wet environment 

increased paludification, resulting in lower biodiversity, specifically in plant life (Mason and Bigelow 

2008; Rohr 2001). It was around this time that the present day ecological zones in Alaska were 

established (Anderson and Brubaker 1994; Anderson et al. 2001; Brubaker et al. 2001; Jordan and 

Krumhardt 2003; Mason and Bigelow 2008). Some areas in Alaska experienced brief periods of volcanic 

activity around 3,400-2,700 cal years BP (Dumond 2004; Mulliken 2016). This is further discussed in 

Chapter 3.

2.2.3 Faunal Remains

Caribou (Rangifer tarandus) and moose (Alces alces) dominate the zooarchaeological record 

during the mid-Holocene, with evidence that people supplemented their diet with small game such as hare 

(Lepus sp.), beaver (Castor canadensis), and porcupine (Erethizon dorsatum) (Potter 2008a). Caribou is 

often reported as the most frequently exploited game for the Northern Archaic (Potter 2008a, b, c; Skeete 

2008), though sites have yielded faunal remains of medium and smaller mammals (Potter et al. 2018). 

Though less common, bison, birds, and fish have been found at sites as well (Anderson 1988; Holmes 

1986; Keeney 2019; Lobdell 1995; Potter et al. 2018). Few identifiable faunal remains are recovered at 

Northern Archaic sites and the mid-Holocene archaeological record, due to poor preservation and 

taphonomic processes associated with the modern boreal forest (Potter 2008b).

Fog Creek, Jay Creek Mineral Lick (Dixon et al. 1985), Kuparuk Pingo (Lobdell 1986, 1995), 

Delta River Overlook (Potter et al. 2018), and the Matcharak Peninsula Site (MPS; Keeney 2019) have 

provided the largest faunal assemblages associated with the Northern Archaic in Alaska. The Fog Creek 

site in the middle Susitna River valley dates to approximately 6,210-3,210 cal years BP and contains 

remains of medium/large mammals (only one fragment was able to be identified as caribou), several 
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small/medium mammals, and one possible bird bone (Dixon et al. 1985). This site was thought to be a 

seasonally reoccupied camp or more permanent settlement (Dixon et al. 1985). Located in the same 

region, the Jay Creek Mineral Lick site dates to 4,440-5,460 cal years BP and contains an abundance of 

medium/large (unidentifiable) mammal remains. It was thought to be a hunting camp for exploiting 

animals using the nearby mineral lick (Dixon et al. 1985). The Kuparuk Pingo site, located off the coast 

of the Beaufort Sea in northern Alaska, dates to 7,430-6,120 cal years BP and contains several identified 

caribou remains, as well as remains of four bird species (Lobdell 1986, 1995). The Kuparuk Pingo site 

was thought to be a seasonal hunting camp, and included worked bone artifacts (Lobdell 1986, 1995). The 

Delta River Overlook site (DRO) contains two distinct Northern Archaic occupations that reflect a shift in 

settlement and subsistence practices during the mid-Holocene (Potter et al. 2018). Early components at 

DRO (dated to approximately 6,800 cal years BP) provide evidence for small-medium mammal 

processing and a specialized hunting camp, likely occupied in the spring. The fauna included bison, 

wapiti, caribou, canid, mink, beaver, and grouse. Later components (dated between 2,310-2,150 cal years 

BP) were interpreted to reflect a residential base camp, containing identifiable wapiti, lynx, snowshoe 

hare, and ground squirrel. Finally, MPS has been interpreted as a repeatedly utilized short term hunting 

camp, dating to 6,190-3,780 cal years BP. The fauna included caribou, Dall's sheep, locally available fish, 

and Arctic ground squirrel (Keeney 2019). Lake Minchumina (dated to 2,750-800 cal years BP) contained 

faunal remains identified as caribou, moose, bear, hare, duck, and fish and is suggested to be a spring-fall 

occupation, estimated by the presence of seasonal waterfowl (Holmes 1986). The association of these 

faunal remains with the Northern Archaic is not certain, as the site also preserved deposits associated with 

the Norton/Ipiutak traditions.

In addition to faunal remains, indirect evidence of caribou exploitation has been found at 

Northern Archaic sites. Artifacts interpreted as remnants of caribou drive lines have been found at 

Northern Archaic sites throughout Alaska. The complex of sites surrounding Agiak Lake in the Brooks 

Range is associated with two possible caribou drivelines (Wilson and Slobodina 2007). The Pond site in 

southwestern Alaska, dated to 4,120 cal years BP and associated with the Northern Archaic, has evidence 

of stone cairn drive lines, interpreted to drive caribou into a nearby shallow pond (Ackerman 2004). 

Caribou drive lines at these sites represent communal hunting practices, which will be discussed further in 

Chapter 3.

2.2.4 Seasonality, Mobility, and Settlement Patterns

The few sites which have seasonal data suggest spring-fall occupations (such as Lake 

Minchimina; see Holmes 1986). The Northern Archaic occupation on the Kuparuk Pingo (in northern 
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Alaska) was assigned to May through June, using the modern proxy of annual caribou migrations and 

waterfowl migratory routes (Lobdell 1995). Early components at DRO indicate a spring occupation 

(Potter et al. 2018), and MPS indicates a late spring-early fall occupation (Keeney 2019). Some 

researchers suggest that long term winter occupations may have been obliterated by flooding (Mason and 

Beget 1991; Reger et al. 2008; Tucker et al. 1999; Yesner 1989) or cultural processes, such as high 

residential mobility and short term, open air camps, which may not be visible in the archaeological record 

(Potter 2008b). Based on lake levels during this period (Rohr 2001; Wendt 2013), many Northern Archaic 

sites may be presently inundated, and a significant portion of the annual subsistence range may be 

underrepresented in the archaeological record (Wendt 2013).

The Northern Archaic is characterized by high residential mobility with residential/base camps 

and logistically organized hunting camps (Potter 2008a, b, c). Some notable interior sites with long 

cultural sequences show evidence of Northern Archaic occupation during the mid-Holocene, including 

Swan Point (Holmes et al. 1996; Smith et al. 2019), the Mead site (Potter 2008a, 2011), Broken 

Mammoth (Yesner et al. 1992), Dry Creek (Powers and Hamilton 1978; Powers et al. 1983), Lake 

Minchumina (Holmes 1986), Healy Lake (Cook 1969, 1996; McKennan and Cook 1968), Tok Terrace 

(Sheppard et al. 1991), Delta River Overlook (Potter et al. 2018), and Fog Creek (Dixon et al. 1985). Few 

residential structures, both surficial (tent) and semi subterranean, have been associated with dates older 

than approximately 1,200 cal years BP (Potter 2008b), with exception of a few sites. There is evidence of 

several winter houses at the Onion Portage site, dating to approximately 4,250-4,100 years BP. In central 

Alaska, XMH-035 is a residential site with house-feature depression (Robinson 2003) associated with the 

Northern Archaic and dates to 4,450 (±140) cal years BP (Potter 2008c). Recently, a semi-subterranean 

housepit dating to 1,840 cal years BP and evidence of a child's footprint have been excavated at Swan 

Point, likely associated with the transitional period from Northern Archaic to Athabaskan cultures in the 

Tanana Valley region (Smith et al. 2019).

In a 2017 meta-analysis, Tremayne and Winterhalder developed population models based on site 

and component data from the AHRS database for several Alaskan cultures during the mid-Holocene, 

including the Northern Archaic. They suggest that Northern Archaic populations maintained an 

equilibrium around 5,000 cal years BP, with a statewide population increase around 4,000 cal years BP. 

They attribute the rise in population with the establishment of the ASTt in Alaska, and regional 

variations: the Denbigh Flint Complex in the northwestern Alaska (Giddings 1964; Tremayne and Rasic 

2016), and the Brooks River phase in the southwestern Alaska (Bundy et al. 2005). Despite different 

subsistence and settlement patterns, the Northern Archaic and ASTt have overlapping areas of 
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occupations, and may have had a cultural convergence in some areas (Keeney 2019). This is further 

explored in Chapter 3.

2.3 Tool Types Associated with the Northern Archaic and the Side-Notched Biface

When examining tool types found at Northern Archaic sites, researchers have had varying ideas 

regarding the cause of assemblage variability. Anderson (1988) suggested that there was a transition at 

Onion Portage from side-notched bifaces to oblanceolate projectile points. He observed few functional 

differences between the tool types and suggested a cultural-historical basis for shifts in morphology. 

Others have argued that this change in morphology of bifaces is related to raw material constraints, lithic 

production stage, and blank size (Esdale 2009).

In the last decade, archaeologists have been moving away from a “side-notched biface” centric 

view of the Northern Archaic, focusing instead on a more holistic view of Northern Archaic tool 

assemblages (Anderson 2008; Esdale 2009; Holmes 2008; Kenney 2019; Potter 2008a, b, c; Rasic and 

Slobodina 2008). While reliable dates have proven difficult to obtain, in part due to the limited faunal 

datasets at sites associated with the Northern Archaic, radiocarbon dating methods have been refined 

since the 1960s, reducing the need to use the side-notched biface as an index artifact. Northern Archaic 

lithic assemblages can contain lanceolate shaped bifaces, side-notched bifaces (possible projectile and/or 

knives), microblade technology, unifacial side- and endscrapers, notched pebble percussors, and heavy 

core tools (Esdale 2009; Potter 2008c; Rasic and Slobodina 2008). Toolkit assemblages vary, with some 

sites exhibiting all tool classes associated with the Northern Archaic, and some lacking several classes all 

together (Esdale et al. 2015; Holmes 2008; Potter 2008c).

Rasic and Slobodina (2008) discuss the functionality of the diverse Northern Archaic toolkit, 

which they propose reflects a three weapon system of lanceolate bifaces, side-notched bifaces, and 

microblade technology. Each tool class could serve a distinct functional purpose; a concept which is 

supported by the assemblage variability found at Northern Archaic sites in Alaska. A 2008 meta-analysis 

(Esdale 2008) showed that 38% of all side-notched biface assemblages contained microblades, which 

increases by 10% in the subset of side-notched biface sites with the clearest artifact associations and most 

reliable radiocarbon dates. Further supporting this concept of varied functional purposes, Potter (2008 a, 

b, c) demonstrates a continuous Holocene distribution of microblade technology in Alaska, suggesting 

that assemblage diversity is likely conditioned by site and technological organizational factors.

The discovery of Northern Archaic sites with lithic assemblages absent of side-notched bifaces, 

such as The Banjo Lake site (Esdale et al. 2015) and the Rosaliya site (Rasic and Slobodina 2008) 
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expands our understanding of Northern Archaic technology past the narrow focus on the side-notched 

biface. The broader Northern Archaic toolkit (including microblade technology, lanceolate points, end 

scrapers, and side scrapers) at these sites are proposed to reflect a larger range of seasonal activities as 

compared to Onion Portage and earlier discovered Northern Archaic sites (Esdale et al. 2015; Rasic and 

Slobodina 2008). Despite the absence of side-notched bifaces, these sites do date to around between 

6,000-5,000 cal years BP, falling within the recognized range for sites associated with the Northern 

Archaic in northern and central Alaska. Furthermore, they provide evidence of a short term hunting camp, 

as is commonly associated with Northern Archaic sites (Esdale et al. 2015; Rasic and Slobodina 2008).

This chapter has provided a brief summary of the original and evolving definitions of the 

Northern Archaic tradition in northern and central Alaska. The next chapter will examine how 

archaeologists have conceptualized risk among hunter gatherer societies, focusing on the technological 

implications of different risk management strategies. Together, these chapters provide the context for 

examining morphological and functional variation of side-notched bifaces.
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Chapter 3 Risk Management Strategies

Human behavioral ecology (HBE) is a theoretical approach to understanding and explaining 

patterns of variation in human behavior, as they relate to the adaptive value of the behaviors of 

individuals in a specific social and environmental context (Bird and O'Connell 2006). Through this 

perspective, behaviors related to risk management can be studied for past populations of hunter-gatherers. 

Risk can be defined as the probabilistic variance in returns from economic activity (Marston 2011) and 

the archaeological record can provide insight on how prehistoric populations mitigated the effects of risk 

via their subsistence practices and aspects of technology (Bousman 1993; Buchanan et al. 2016; Collard 

et al. 2013; Eren and Andrews 2013; Fitzhugh 2001; Torrence 2002; Winterhalder 2007). From a 

subsistence perspective, risk is expressed as an unpredictable variation in the outcome of behavior 

(Winterhalder et al. 1999) and the probability of being unsuccessful in obtaining needed resources 

(Hiscock 1994; Torrence 1989a). While the terms risk and uncertainty are often used synonymously 

(Winterhalder et al. 1999), uncertainty can be overcome by acquiring more information about an 

environment (Stephens 1987, 1989) but risk cannot (Winterhalder et al. 1999). Given the unpredictable 

occurrence of a hazard, danger, or hardship, it is important to note that risk does not always equal a 

probability of loss (e.g. Bousman 1993; Halstead and O'Shea 2004; Hiscock 1994; Torrence 1983, 

1989a). Thus, it is beneficial to envision groups as falling along a spectrum of “risk sensitivity” (Figure 

3.1) employing a range of strategies to respond to unpredictable variance in outcomes (Fitzhugh 2001). 

These strategies fall somewhere between being fully risk-averse or fully risk- prone (Fitzhugh 2001).

Figure 3.1. Risk management strategies and the Risk Sensitivity Spectrum

Hunter-gatherers employing risk-averse and risk-prone strategies are identified by their responses 

to average levels of resource variability (Bousman 1993). Risk-averse relates to avoiding behaviors linked 

to unpredictable outcomes in favor of more certain outcomes (Winterhalder et al. 1999). Risk-averse 

behavior is likely to take place during times of uncertainty or in anticipation of uncertain outcomes. Risk- 
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prone strategies are related to choosing behaviors linked to unpredictable outcomes over more certain 

outcomes; this differs from risk-averse and avoidance strategies (Winterhalder et al. 1999). In other 

words, risk-prone strategies involve choosing to use less caution and to gamble in order to obtain a larger 

payoff (Fitzhugh 2001). Past groups likely practiced both risk-averse and risk-prone behaviors, shifting 

from one to the other when a need arose and as availability of resources fluctuated through time 

(Bousman 1993; Fitzhugh 2001). Situations of high risk, in which there is a low probability of success, 

may incur large energy costs and in some instances may endanger individuals in the group (Bousman 

1993).

The most frequently studied type of risk is subsistence risk; however, fully evaluating subsistence 

risk requires multiple datasets, including zooarchaeological and paleobotanical data. As described in 

Chapter 2, a majority of Northern Archaic sites lack faunal remains. Thus, other datasets, including 

ecological data, lithic technology, and associated nearby cultural features, are used to study site function, 

land use, subsistence economy, mobility, and population dynamics (Keeney 2019). Evaluating risk 

management strategies based upon a more limited subset of data is difficult and requires a number of 

assumptions. In this chapter, I will explore how the environmental setting, cultural climate (population 

dynamics), and use of the landscape may have shaped how Northern Archaic populations reacted to risk.

Based on archaeological evidence at Northern Archaic sites, I present a range of hypothetical risk 

management strategies. Sections 1 and 2 outline the nature of risk-averse and risk-prone strategies, which 

may have been used simultaneously, periodically, or regionally, depending on the need. Section 3 

examines the technological implications of specific risk management strategies, including invention, 

innovation, and standardization. Changes in morphological variation can reflect these strategies- greater 

variation may suggest invention and innovation, while less variation may indicate standardization in 

production. Methods for evaluating variation will be further discussed in Chapter 4.

3.1 Inferences of Risk-Averse Strategies

Archaeological studies examining risk management among prehistoric peoples commonly focus 

on the identification of risk-averse behaviors, designed to reduce risk or uncertainty (Bamforth and Bleed 

1997). Bamforth and Bleed (1997) suggest that risk-averse strategies are tied to the probability of loss in 

unpredictable situations (often linked to subsistence stress) and more colloquial ideas of “risk”. Thus, 

numerous studies explore risk-averse strategies as “risk-buffering” (Adler 1996; Halstead and O'Shea 

2004; Nelson et al. 2012; Wiessner 1982), risk reducing/minimizing (Elston and Brantingham 2002; 

Hiscock 1994; Stein 1989; Winterhalder 1986), or risk mitigation (Eren and Andrews 2013; Grove 2010;
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Marston 2011). In this study, risk-averse strategies and behavior refers to avoiding behaviors linked to 

unpredictable outcomes in favor of more certain outcomes (Winterhalder et al. 1999). Based on evidence 

found at Northern Archaic occupations, some risk-averse strategies utilized by the Northern Archaic 

include communal hunting for caribou and subsistence diversification (widening of the diet breadth), as 

well as specific patterns of land use and mobility (Ackerman 2004; Potter 2008a, b, c; Potter et al. 2018; 

Wilson and Rasic 2008).

3.1.1 Communal Hunting

The importance and frequency of communal hunting has been studied in many contexts

(Bamforth 1991; Friesen 2013; Frison 1987; O'Shea et al. 2013; Pasda and Odgaard 2011; Waguespack 

2002; Young et al. 2001), including as it relates to past groups and risk management strategies (Grove 

2010; Sobel and Bettles 2000). Communal hunting can reduce risk, specifically subsistence risk, in a 

number of ways, including sharing hunting labor (Grove 2009; Sobel and Bettles 2000) and increased 

encounter rates with game (Grove 2010). During times of scarcity or hardship, competition for resources 

is likely to increase, which can be offset by sharing the labor and energy costs of hunting (Fitzhugh 2001; 

Gamble 1983; Grove 2009; Sobel and Bettles 2000; Whallon 2006).

It has been argued that extensive caribou drivelines and aggregate hunting camps at the Agiak 

Lake complex associated with the Northern Archaic provide evidence for communal hunting and game 

processing (Wilson and Rasic 2008; Wilson and Slobodina 2007). In addition, the Pond site in 

southwestern Alaska (associated with coastal Northern Archaic occupations) has evidence of stone cairn 

drive lines and is interpreted to reflect communal hunting (Ackerman 2004). Communal hunting is a 

reliable, less risky means of ensuring a successful hunt specifically when exploiting large herds during a 

restricted period such as single season (Hayden et al. 1981; Hofman 1984).

3.1.2 Diversification, Land Use Strategies, and Mobility

Subsistence diversification has been studied as a risk-averse strategy and as a strategy for 

reducing the probability of loss in unpredictable situations (Halstead and O'Shea 2004; Nelson 2018; 

Sobel and Bettles 2000; Stein 1989). By maintaining a diverse subsistence base, the cost of (and potential 

for) losing any one resource is reduced (Bamforth and Bleed 1997; Sobel and Bettles 2000). Some studies 

suggest that as subsistence stress (specifically, the probability of loss of food) increases, dependence on 

seasonally available resources also increases (Torrence 1983, 1989a). Shifting from a heavy reliance on 
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seasonally available resources to a wider, more diverse diet may alleviate the stress of obtaining resources 

during a short (seasonally available) period of time.

In several analyses, Potter (2008a, b, c) examines changing land use strategies during the mid

Holocene in central Alaska. Site structure changed during the mid-Holocene, with a shift from multi- 

seasonal, highly mobile hunting in both upland (caribou) and lowland (bison) locations, to an increased 

frequency of upland hunting camps, with an emphasis on hunting caribou. Subsistence data from these 

meta-analyses suggest increased caribou hunting after 5,000 cal years BP, alongside increased small game 

procurement, reflecting a widening of the diet breadth after 4,000 cal years BP (Potter 2008b, c). These 

data suggest a possible subsistence diversification, which could be a result of risk-averse management 

strategies. Recent investigations at the DRO site also suggest a widening of the diet breadth and shift to 

increased small game exploitation in components associated with the Northern Archaic (Potter et al. 

2018).

High residential mobility has been viewed as a risk-averse strategy, as it reduces many of the 

costs that can be associated with subsistence stress and material procurement (Barnard and Wendrich 

2008; Fitzhugh 2001; Grove 2010; Hiscock 1994; Kelly 1992; Marston 2011; Sobel and Bettles 2000). 

Specifically relating to material procurement, high residential mobility may reduce the costs relating to 

procuring distant sources and improve raw material accessibility, while reduced mobility may lead to 

increased difficulty in raw material procurement (especially in the absence of extensive trade networks; 

Fitzhugh 2001). As mentioned in Chapter 2, there is little evidence for semi-permanent dwellings or 

residences (including semi-subterranean houses or structures) prior to ~1,200 cal years BP (Potter 2008b), 

with the exception of a few sites (Onion Portage, XMH-035, and Swan Point). There is an abundance of 

evidence of spike or hunting camps, work stations, and temporary camps at sites with Northern Archaic 

components in central Alaska (Potter 2008a, b). Continued use of microblade technology through the 

mid-Holocene may be indicative of a high residential mobility as well (Potter 2008b).

Both high residential mobility and communal hunting represent examples of risk-averse 

strategies. However, communal hunting can be indicative of high logistical mobility, the inverse of high 

residential mobility (Grove 2009, 2010). In the archaeological record, a majority of Northern Archaic 

sites suggest high residential mobility (as presented in Chapters 2 and 3); however, site structure at the 

Agiak Lake complex suggests that the inhabitants were families consisting of men, women, and children, 

as opposed to groups organized for logistical forays such as hunting parties (see Binford 1980; Wilson 

and Rasic 2008). As stated above, it is likely that risk management strategies varied both regionally and 

over time, depending upon the need. In this sense, it is possible that communal hunting and higher 

logistical mobility served as a better strategy for coping with risk for populations at Agiak Lake.
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3.2 Inferences of Risk-Prone Strategies

When reasonably well adapted to a given environment, most organisms can be expected to 

practice risk aversion (Winterhalder 1993; Winterhalder et al. 1999). However, humans do not always 

follow this pattern and at times put themselves in a hazardous or unpredictable situation in order to have a 

chance at a better payoff; this is known as risk-prone behavior (Fitzhugh 2001). Risk-prone behavior is 

similar to gambling, where there is a possibility of a large reward over an assured (and lower value) 

outcome (Kuznar and Frederick 2003). Some studies suggest that with an increase of stress or lack of 

resources, risk-prone behavior will also increase, especially if there is a sudden change in resource 

availability (Kuznar and Frederick 2003; Winterhalder 2007).

Several regions in Alaska had reoccurring volcanic eruptions and episodes of ash deposition 

during the mid-Holocene (Dilley 1998; Dixon et al. 1985; Mullen 2012; Mulliken 2016; Reuther et al. 

2018; Tremayne and Winterhalder 2017; VanderHoek 2009). Increased ash deposition due to volcanic 

activity likely constrained resource availability and predictability, and Northern Archaic populations may 

have had to alter their land use patterns to include more marginal environments until areas with ash 

deposition made a full ecological recovery (Mulliken 2016). The choice to occupy marginal environments 

and alter land use patterns may indicate a type of risk-prone strategy, due to increased unpredictability in 

resource availability (Fitzhugh 2001).

As previously discussed, reconstructions of population dynamics in interior Alaska suggest 

population increases during the mid-Holocene (Potter 2008a; Tremayne and Winterhalder 2017). This 

shift may indicate both increases within Northern Archaic populations and other mid-Holocene 

population, such as ASTt. Risk-prone strategies may have been employed in response to an increase in 

resource competition, within or among Northern Archaic groups, or between groups producing material 

culture associated with the Northern Archaic versus the ASTt.

3.2.1 Ash Deposition and Movement into Marginalized Habitats

Studies suggest that the transition from a warm, arid shrub environment to a forested environment 

did not cause major changes in Northern Archaic mobility and technology (Mason and Bigelow 2008). 

However, Mason and Bigelow (2008) state that it is possible that Northern Archaic technology developed 

in response to the paludification of the landscape, the presence of black spruce and sphagnum bogs in 

central Alaska. Mason and Bigelow (2008) suggest that the spread of Northern Archaic technology 

coincides with the expansion of alder into the Brooks Range, the lengthy persistence of tundra in 

northwest Alaska, and major shifts of temperature and precipitation regimes.
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Several studies examine the effect volcanic activity may have had on populations in Alaska 

during the mid-Holocene, specifically in the middle Susitna River Valley and Alaska Peninsula (Dilley 

1998; Dixon et al. 1985; Mulliken 2016; Reuther et al. 2018; Tremayne and Winterhalder 2017; 

VanderHoek 2009). At least four episodes of tephra deposition took place in the middle Susitna River 

Valley during the mid- to late Holocene (Dixon et al. 1985). The Watana tephras, which are sourced to 

the Hayes Volcano, were deposited between 4,400-3,360 cal years BP, with the upper and lower portions 

of these tephras deposited either in rapid succession or separated by only a few hundred years, in the 

Susitna basin area (Dilley 1998; Dixon et al. 1985). The Devil tephra was deposited between 1,825-1,625 

cal years BP. While it is not fully known how volcanic eruptions affected Northern Archaic populations, 

some studies demonstrate constrained resource availability and resource predictability due to deposition 

of volcanic ash in the middle Susitna River Valley (Mulliken 2016). Farther south, VanderHoek (2009) 

suggests that large amounts of rapid ash deposition in southwestern Alaska could have resulted in longer 

term changes to caribou ranges with populations moving to areas with reliable resources, and human 

populations relying on caribou might have had to leave impacted regions for generations.

There is limited direct evidence demonstrating a significant cultural impact in interior and 

northern Alaska due to the volcanic activity during the mid-Holocene (Bigelow et al. 2019; Mulliken 

2016; Potter 2008b; Reuther et al. 2018). However, changes in resource predictability and availability 

may have had an impact on local groups, particularly if ash deposition caused caribou to certain abandon 

areas. Mulliken (2016) suggests that if tephra deposition caused caribou to abandon areas, then Northern 

Archaic populations may have altered their mobility patterns. She suggests that populations in interior 

Alaska were likely affected by volcanic ash deposition; however, adaptive mobility and subsistence 

patterns likely mitigated the negative aspects of volcanic activity. Northern Archaic populations may have 

altered their land use patterns to include peripheral, marginal environments, with increased 

unpredictability or availability of resources, until areas with ash deposition made a full ecological 

recovery (Mulliken 2016). Choosing to inhabit a marginal environment or alter land use patterns, 

specifically if the changes introduce unpredictability to normally predictable caribou migration, may 

represent a risk-prone strategy, at times put themselves in a hazardous or unpredictable situation in order 

to have a chance at a better payoff.

3.2.2 Population Dynamics

Using a large dataset of datable components as a proxy for population size, Potter (2008a) argues 

that the mid-Holocene (after 6,000 cal years BP) is characterized by increasing population size and a 

greater abundance of sites in central Alaska, especially after 3,000 cal years BP. Similarly, Tremayne and 
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Winterhalder (2017) produced population models that indicate a statewide population increase around 

4,000 cal years BP, associated with the expansion of the ASTt in northern Alaska (Tremayne 2015b), they 

suggest an increased population pressure during the establishment of the ASTt in Alaska.

Population models by Tremayne and Winterhalder (2017) show an area of overlap between mid

Holocene cultures, specifically between the Northern Archaic and ASTt, sometimes occupying the same 

region. This may indicate competition between groups for similar resources. However, there is little direct 

archaeological evidence for interaction between these groups, though sites at Lake Matcharak show 

evidence of temporally and spatially overlapping ASTt and Northern Archaic occupations and likely 

cultural convergence (Kenney 2019). Population growth models for interior regions show more growth 

for ASTt populations in northern, tundra regions than boreal regions, specifically during the period of 

ASTt in-migration around 4,000 cal years BP (Tremayne and Winterhalder 2017). Some studies suggest 

that the emergence and rapid expansion of ASTt in northern Alaska might explain the reduced presence of 

Northern Archaic material culture in Arctic regions, relative to the contemporaneous abundance in 

Subarctic regions (Keeney 2019).

3.3 Other Risk Management Strategies

While it is beyond the scope of this thesis, toolkit richness and diversity have also been explored 

in relation to risk, in that a greater number of specialized tools in a toolkit could be a risk-averse strategy 

and can reduce stress (Torrence 1983, 1989b). Thus, groups that experience high risk and stress of 

resource unpredictability or loss will likely produce toolkits which are more diverse and more complex 

than groups that experience lower risk (Torrence 1983, 1989b). Several studies suggest that diverse 

toolkits and evidence for multiple weaponry systems found at Northern Archaic sites represent strategies 

for managing risk (Potter 2008b; Rasic and Slobodina 2008), and this was recently examined in detail at 

the Matcharak Peninsula Site (Keeney 2019).

3.4 Technological Implications

In environments where stress (based on time or energy) places constraints on subsistence success 

or needed resources, we might expect people to place more energy into technology in the hope that by 

increasing investment, more energy will be acquired (Jeske 1992). Risk management generally arises 

when there is a dependence on mobile prey, especially species available for only a restricted portion of 

the year (Torrence 1989b), such as caribou. When a resource is present in one area for a limited amount 

of time, technology can be used to significantly reduce loss and unpredictability (Torrence 1989b).
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Changes in lithic technology such as the introduction (invention and innovation) of a new 

technology, advances in extant technologies, elimination of a previously used technology (Collard et al. 

2013; Hiscock 1994; Mason and Bigelow 2008), or standardization of current technology (Bamforth and 

Bleed 1997; Clarkson et al. 2012; Eerkens 1998; Hayden et al. 1981; Myers 1989) all may relate to risk 

management. Changes in bifacial morphological variation over time can be explored to evaluate invention 

and innovation (greater variation) or standardization (less variation) in the production of side-notched 

bifaces throughout the mid-Holocene. Methods for evaluating variation will be further discussed in 

Chapter 4.

3.4.1 Invention and Innovation

When viewing strategies of risk management on a risk sensitivity spectrum, invention and 

innovation of lithic technology are argued to be more likely in risk-prone situations (Fitzhugh 2001; 

Winterhalder et al. 1999). Population models produced by Shennan (2001) and Henrich (2006) show that 

larger populations have a greater likelihood of developing and maintaining cultural innovation, 

specifically fitness enhancing technological innovations (Collard et al. 2013). Fitzhugh (2001) suggests 

that during times of hazard or hardship due to fluctuation in environmental conditions, higher variance 

strategies are expected to be chosen and inventiveness would be desirable. During less extreme times, 

people should seek to minimize variance in outcomes and would be less inclined to invent new 

technologies, as new technology would include both predictable and unpredictable costs, and provide 

unpredictable benefits (Fitzhugh 2001).

Thus, invention or modification of technology may be more likely in risk-prone situations than 

risk-averse ones (Winterhalder et al. 1999). Several studies suggest that long term technological change 

under predictable ecological conditions might reflect small changes in modifications, specifically related 

to increasing efficiency, with rapid or dramatic changes expected in situations with sudden changes in 

resources availability, related to environmental pressures (Fitzhugh 2001; Restifo and Hoguin 2012). 

These changes relate specifically to modifications of functional aspects of tools, which are meant to 

improve the performance of the tool (Buchanan et al. 2016; Restifo and Hoguin 2012). Therefore, 

increases in population, altering land uses to include marginal habitats, and an increase in risk-prone 

behavior may be reflected through increased innovation and modification of lithic technology. In this 

study, increased variability among side-notched bifaces found at Northern Archaic sites would indicate an 

increase in risk-prone behavior.
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3.4.2. Standardization

Numerous studies (Eerkens 1998; Eerkens and Bettinger 2001; Elston and Brantingham 2002; 

Lombard and Parsons 2008; Restifo and Hoguin 2012) build upon the idea that standardization in lithic 

technology can be used to minimize and manage risk, specifically when examining lithic tools used to 

hunt large mammals. Standardization is a measure of the degree to which artifacts are made to be the 

same, with a low tolerance in variability, normally measured through coefficients of variation (Eerkens 

and Bettinger 2001). Standardization often revolves around concepts of design types, such as reliable or 

maintainable tools (Bleed 1986), which ensure that a tool is designed to have the qualities best suited for 

obtaining needed resources.

Standardized technology is argued to be both maintainable and reliable (Ahler and Geib 2000), 

though reliable technology arguably allows for less flexibility than maintainable technology (Eerkens 

1998). Reliability can be defined as the ability to manipulate a tool's use-life by designing it to have high 

stress limits and guard against failure (i.e. breakage; Bleed 1986). Maintainability is defined as designing 

a tool in which failure is expected but it can be easily fixed or modified to be brought back to a functional 

state (Bleed 1986). Reliability and maintainability are not necessarily conflicting design types (Ahler and 

Geib 2000); a maintainable tool may need to be simultaneously reliable to anticipate failure (breakage) 

rates and rejuvenation needed (Odell 2001; Smith and DeWitt 2016).

Reliable and maintainable design types can both be efficient, which refers to the amount of 

determined success of the tool offset by the cost (which can be measured as time, energy, material, etc) 

(Bleed 1986). Some studies link efficiency closely with reliable design types, as it is often described as 

reducing overall failure (breakage) of the tool (Hunzicker 2008). Others propose that efficiency simply 

describes technology which reduces time, energy, or other costs in some fashion (Bamforth 1986). Some 

studies suggest that standardization increases a tool's efficiency (Restifo and Hoguin 2012), which 

reduces time and labor investments for both manufacture and maintenance (Bousman 1993; Yaroshevich 

et al. 2010).

When viewed within a behavioral ecology framework, concepts such as optimization and 

standardization are discussed separately (Fitzhugh 2001); however, within this thesis they are viewed as 

producing a similar outcome: less required modification of a tool (Winterhalder and Smith 1992). 

Standardization of high-cost, reliable, maintainable, and efficient tools (such as bifacial projectile points) 

can be expected during a period of high unpredictability of obtaining resources (Bousman 1993; Lanata 

and Borrero 1999), when risk-averse strategies maybe be used. In this study, morphological variation in 

bifaces with associated radiocarbon dates (N=85) is explored using a number of metric data. One of these 
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is coefficient of variation (CV), which will allow for an evaluation of changes in standardization over 

time. Methods for calculating CV values and identifying temporal variation are further discussed in 

Chapter 4.

3.4.3 Other Technological Implications

A technological implication not tested in this thesis relates to tooling costs, which describes the 

selective pressures that would result in changes of raw material (Fitzhugh 2001). These pressures include: 

1) an increased distance from known raw material sources, 2) depletion of known sources, 3) a lack of 

experience/knowledge with local sources, or 4) the competitive exclusion of traditional sources or trade 

routes (Fitzhugh 2001). Tooling costs are not evaluated in this study, as the raw material sources are not 

known for much of the sample (Fitzhugh 2001).

Finally, it is important to note that risk is a subjective variable in which many assumptions are 

made and proxies are used in order to evaluate strategies employed within past cultures and 

archaeological samples (Fitzhugh 2001). It is important to note that increased stress may not have a 

marked impact on invention, modification, or standardization of available tools if the tools themselves 

could be used flexibly, such that people were able to adapt to such changes.
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Chapter 4 Methodology and Data Collection

Artifacts can operate simultaneously in multiple cultural spheres (technological, social, 

ideational, etc.), and as such, they possess formal characteristics that allow them to perform roles in each 

sphere (Binford 1962). Tomka and Prewitt (1993) state that from this theoretical perspective, any artifact 

represents a process of mitigation between functional, technological and stylistic considerations. It is the 

differences in these considerations which contribute to variation within a tool class. Lithic bifacial tools 

vary among functional and stylistic characteristics, which reflect design choices (Cheshier and Kelly 

2006; White 2013).

Function is often described in terms of utilitarian function- i.e., how the tool was used during its 

life (Flanigan 2002; Grimes and Grimes 1985). Assessment of functional attributes is often the first 

objective of lithic analyses which ties into the inherent assumption that with the study of tool function, 

researchers can make inferences about past human behavior (Tomka and Prewitt 1993). Functional 

characteristics are less difficult to define as they are directly related to the performance of a tool, chosen 

to complete a specific task (Jelinek 1976). Variability can be conditioned by a selective environment, as 

the result of design choices made to enhance the tool's performance (White 2013).

Stylistic characteristics have been defined many ways in the literature; archaeologists have 

examined isochrestic style (Chase 1991; Sackett 1982; Wiessner 1985), iconic or emblemic style (Clark 

1989; Sackett 1985; Wiessner 1983), and sometimes style as a “residual” category (Boast 1997; Cross 

1983). Isochrestic style relates to the amount of variation possible in a manufactured craft to represent 

links and connection with ethnicity (Sackett 1982). Iconic and emblemic style serves as a means to signal 

and identify ethnic affiliation and identity (Sackett 1985; Wiessner 1983). Tomka and Prewitt (1993:51) 

describe stylistic characteristics as “neither functionally or technologically derived but represent 

idiosyncratic patterning or part of a larger group of elements that are used to identify group or ethnic 

relatedness”. Stylistic variability can be active, in which groups choose to differentiate themselves from 

others, or passive, in which unconscious choices are made to be specific and consistent, and are often 

dictated by the craft traditions within the artisan's culture (Sackett 1985; White 2013). Some suggest that 

functional and stylistic variability include all the formal variability in lithic tools, and both aspects greatly 

affect the tool's overall shape and morphology (Sackett 1982; White 2013).

Significant differences in variation in side-notched bifaces within a group, across diverse regions, 

or over a broad period of time, could represent shifts in hunting techniques, changes in lithic technology, 

or reflect idea flow both within and between cultures (Fitzhugh 2001). This study examines aspects of 

morphological and functional variation in side-notched bifaces in order to better understand the variation 
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present among these lithic tools and explore their broader role in Northern Archaic culture. This chapter 

provides a brief background description and literature review for the methodologies applied, details on the 

materials used, and data collection process. Section 4.1 describes the methods and data collection for each 

type of variation evaluated in this study. Section 4.2 examines the potential avenues for variability, 

introducing the spatial and temporal scales of variation analyzed in this study.

4.1 Types of Variation and Data Collection

The two primary types of variation for side-notched bifaces are: 1) morphological (relating to 

shape, size, and structure of the artifact), and 2) functional (relating to how the artifact was used). In this 

study, morphological variation is examined with metric data, raw material type, a geometric 

morphometric analysis, and degree of artifact standardization. Functional variation is evaluated through 

breakage patterns, macroscopic wear patterns on the distal end, and placement in a Dart-Arrow Index.

4.1.1 Morphological Variation

Data relating to a tool's morphology are useful and imperative for understanding artifact variation 

in a broader archaeological perspective (White 2013). “Morphometric” describes a method of 

simultaneously capturing measurement and description of size and shape of an object, in which the 

researcher can analyze the spatial relationship between measured dimensions and plotted points. 

Combining metric data with geometric morphometric landmark based analyses can remove some of the 

subjective nature of lithic analyses and provide more robust understanding of morphological variation 

(Shott and Trail 2010).

4.1.1.1 Metric Data

This study makes use of common metric data used to examine variation in bifaces, specifically 

projectile points (Gingerich et al. 2014; Mesoudi and O'Brien 2008; Odell and Cowan 1986; Okumura 

and Araujo 2014; Shea et al. 2002; Tomka and Prewitt 1993; White 2013). These include total length, 

blade length, blade: total length ratio, weight, thickness at four locations (the tip, shoulder, neck, and 

ears), ear height, and blade asymmetry (as shown in Figures 4.1 and 4.2). These data are used to capture 

variability in bifacial morphology, and can reflect both function and stylistic characteristics, though some 

are considered to influence differences in morphology more than others. Data related to tool mass and
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size characteristics (such as weight, width, length, and thickness) have often been attributed to 

functionality and use of the tool as a projectile (Cheshier and Kelly 2006; Engelbrecht 2015; White 2013).

Figure 4.1. Measurements of metric data for total length (mm), blade length (mm), thickness at

four locations (tip, shoulders, neck, ears; mm), and ear height (mm)

Figure 4.2. Measurements of metric data for blade asymmetry (mm) and maximum width (mm)
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Projectiles are designed to meet a specific set of power and accuracy requirements, both of which 

are sensitive to changes in tool mass (White 2013). Tool thickness can also be related to ballistics and 

hafting constraints, relating specifically to what type of shaft the biface is hafted onto (White 2013). 

Experimental and ethnographic studies have reported thinner projectile points being more successful at 

penetration and thicker projectile points being more resistant to fracture upon impact (Christenson 1986; 

Guthrie 1983; Shea et al. 2002). Blade asymmetry (medio-lateral asymmetry) has been recorded to study 

functionality through tool mass and blade length, as well as an indicator of use as a projectile point or 

knife (Shea et al. 2002).

Tool elements that may represent stylistic design choices are often located on the basal portion of 

the tool, such as the shape and size of the base, ear height, and depth of basal concavity (Tomka and 

Prewitt 1993; White 2013). Some argue that the fact that the basal portion of a projectile point is largely 

hidden from view (when the tool is hafted), makes these data a poor vehicle for the conveyance of social 

information (Sackett 1977; Wobst 1978). Ear height may have both stylistic and functional properties 

(White 2013), and Cheshier and Kelly's (2006) experimental study indicated that as ear height increases, 

projectile point durability decreases.

All of the tools examined in this study are bifacially flaked, and are considered complete when a 

tip, shoulders, neck, ears, and base could clearly be recorded and had no breaks. Fragmented tools 

(broken or incomplete) are included in the study and analyzed separately from tools which were 

considered complete. Complete bifaces (N=80) account for approximately 38% of the total sample; 

however, metric data are recorded on broken/incomplete tools, where possible. For example, total length 

can only be recorded on complete bifaces, while ear height can be recorded on all bifaces with the ears 

present (both complete and fragmented).

The metric data in this study were collected with sliding calipers and include total length (mm), 

blade length (mm), blade: total length ratio (%), maximum width (mm), weight (g), thickness at the tip 

(mm), thickness at the shoulders (mm), thickness at the neck (mm), thickness at the ears (mm), ear height 

(mm), and blade asymmetry (%). Weight was recorded to the 1/100th gram (e.g. 1.01 g). Blade length was 

recorded for bifaces with the tip and both shoulders present, thickness data were only recorded for bifaces 

with applicable elements present (i.e. thickness at the tip was recorded on bifaces with the tip present), 

and ear height was recorded for bifaces with the ears present. Maximum width was recorded at the widest 

location for the biface, which was at the shoulders on all samples. Blade: total length ratio was calculated 

by dividing the blade length and the total length. The blade: total length ratio represents the proportions of 

the blade and base of the tool. This measurement was calculated for only complete bifaces. Blade 

asymmetry was calculated by measuring the distance from the tip to the longest shoulder and dividing by 
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the distance from the tip to shorter shoulder (opposite shoulder) and recorded as a percentage (Buchanan 

2006; Charlin and Gonzalez-Jose 2012). This value represented the asymmetry of the blade of each 

biface, recorded on complete bifaces.

Distribution, frequencies, and descriptive statistics (range, minimum, maximum, mean, median, 

and standard deviation) are examined for all metric data, and represented with histograms. Histograms for 

each metric variable visually display the amount of variation present among the total population of 

bifaces sampled, specifically mean values, range, and skewness. In statistical terms, skewness represents 

the degree of distortion (difference) for a normal (symmetrical) distribution (von Hippel 2005). The 

higher a value of skewness, the farther the majority of the data falls outside of the average. Mean and 

median values serve as measures of central tendencies for each metric variable measured (von Hippel 

2005).

Using IBM SPSS Statistics 24 software, differences in metric data are evaluated using a Kruskal- 

Wallis statistical test to determine if there are statistically significant differences among the side-notched 

bifaces, using different grouping methods in order to address the research questions of this study. The 

Kruskal-Wallis test assesses significant differences on a continuous dependent variable by a categorical 

independent variable with two or more groups, with a significance level of 0.05 (McKnight and Najab 

2010). The common statistical test used to evaluate whether two or more populations means are equal is 

the analysis of variance (ANOVA); the Kruskal-Wallis is the non-parametric alternative to the one way 

ANOVA, and is used when the assumptions of ANOVA are not met. In this study, the metric data showed 

skewed distributions, failing to meet the assumptions needed for a one way ANOVA (Chan and 

Walmsley 1997).

Total length and maximum width were examined together to depict tool size, as previous studies 

have demonstrated these metric data are the most accurate or determining overall size (Christenson 1997). 

Length and width of the bifaces can be modified by reworking and use, which can change the shape of the 

tool. Despite this, the length vs. width scatterplots can highlight variation in certain groups (e.g. regional, 

temporal, type of raw material used for production) or reflect a lack of overall shape variation among the 

groups (represented by random scatter).

4.1.1.2 Raw Material

Raw material type may cause design constraints, hafting constraints, or change overall all tool 

mass and balance, resulting in changes in tool morphology (Andrefsky 1994). Some materials may be 

chosen over others for their durability which, as Loendorf et al. (2018) has demonstrated, can have 
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significant effects on the impact strength of a projectile point. Some toolstone may work well for some 

tasks, and not well for others (i.e. hunting different game) and are more often found at task specific sites 

(Buchanan et al. 2011). However, some experimental studies have found that raw material leads to little 

variability in morphology or performance of a projectile point (Shea et al. 2002).

The type of material used for side-notched bifaces may indicate the preferred toolstone or what 

material was most readily available. Esdale (2009) suggests that morphological variation found among 

side-notched bifaces from Northern Archaic sites is related to raw material availability and blank size. 

Some studies caution the assumption that raw material type plays a large role in morphological variation 

(Eren et al. 2014) and have found evidence that intrasite activities cause more morphological variation 

than blank size for production (Eren et al. 2014; Shipton and Clarkson 2015).

In this study, raw material type was recorded for all bifaces, based on comparative samples of 

type; identifications were confirmed by a second researcher, when in question. In addition to frequency of 

tools made from each material type, differences in metric data among raw material types are evaluated 

with a Kruskal-Wallis statistical test. Differences of metric data among raw material type is graphically 

represented with boxplots. Boxplots display the median, upper and lower quartiles (25%), and the 

extremes for each metric variable (McGill et al. 1977). Further outliers are pulled out and labelled as 

individual values.

4.1.1.3 Geometric Morphometric Analysis

In the 1990s, anthropologists began adopting geometric morphometric approaches for analysis of 

a wide array of cultural materials (Slice 2005), and in recent years, archaeologists have been using 

geometric morphometric approaches to study lithic artifacts. Geometric morphometric methods reduce the 

whole of an artifact to configurations of discrete points (landmarks); this preserves the spatial relationship 

between points while measuring size, shape and specific metric data (Shott 2014). These methods record 

more detailed information about whole-object form along points that may not fall upon common axes, 

ideal for studying archaeological materials with curvature, such as lithic artifacts (Okumura and Araujo 

2014; Shott and Trail 2010). These techniques allow lithic analysts to move beyond collecting metric data 

and to gain a description of shape by combining outline and landmark data into one analysis (Adams et al. 

2004).

Researchers have been using geometric morphometric methods to analyze Paleolithic tools in 

Europe and Asia for several decades, and these methods have recently been applied to Paleoindian 

projectile points in North America (Buchanan and Collard 2010; Buchanan et al. 2007; Gingerich et al. 
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2014; Sholts et al. 2012; Smith 2010; Smith and DeWitt 2016; Thulman 2012). Many studies employ 

two-dimensional (2D) images, in which geometric information is collected across the artifact as coded 

points (landmarks) (Shott and Trail 2010). With this approach, it is easy to generate data and there are 

computer programs available for landmark based analyses which are freely available and do not require 

knowledge of computer programing (Rohlf 2018a, b, 2019). More robust three dimensional (3D) 

approaches to geometric morphometrics can be applied for nearly flat objects such as projectile points and 

subtle differences in morphology, specifically thickness and curvature at some locations, may be lost in a 

2D approach. However, a 2D approach limits information loss and produces similar results to a 3D 

approach (Velhagen and Roth 1997). A 2D approach was chosen for this study, as it was appropriate 

based on the research questions and available data.

Geomorphometric research demonstrates the same need for landmarks to have a similar relative 

position on each artifact being analyzed, in order to be comparable and have a repeatable outcome 

(Thulman 2012). Distinctive landmarks [defined as Bookstein's (1991) “type two” landmarks] are located 

in places of maximum curvature or extreme points in morphology (Zelditch et al. 2012). Subjective error 

can be introduced, as each landmark location is determined by the researcher; however, this is less 

important when comparing samples to one another, which relies on consistency of landmark location 

(Buchanan 2006; Thulman 2012). Each of the eight landmarks used in this study have a similar relative 

position across all of the tools sampled (Figure 4.3) and represent commonly used landmark locations for 

projectile points (Buchanan and Collard 2010; Buchanan et al. 2007; Gingerich et al. 2014; Sholts et al. 

2012; Smith 2010; Smith and DeWitt 2016; Thulman 2012). Landmark 1 (L1) is the tip (point) of each 

tool. Landmark 2 (L2) and Landmark 3 (L3) are the shoulders of the tool. Landmark 4 (L4) and 

Landmark 5 (L5) are the notches of the tool. Landmarks 6 and 7 (L6-7) are the ears on the base of the 

tool, and Landmark 8 (L8) is the center of the base of the tool. For this study, the landmarks for each 

object allowed for a consistent mean shape, a visual for the range of variation present the sample of 

bifaces, and highlights areas with the least amount of variation.

Geometric morphometric analysis is broken up into two steps: data acquisition and 

superimposition. These analyses result in consensus images, capturing the points and vectors of each 

landmark on every sample. Software to run these analyses was provided by F. James Rohlf, associated 

with SUNY at Stony Brook University, New York. All software has been updated within the last year, 

and Rohlf provides clear tutorials on how to use the software (Rohlf 2018a, b, 2019). The approach for 

this study follows comparable methods for geometric morphometric analyses of lithic artifacts (Adams et 

al. 2004; Buchanan and Collard 2010; Buchanan et al. 2007; Buchanan et al. 2012; Okumura and Araujo 
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2014; Shott and Trail 2010) and specifically those used for projectile point studies (Charlin and Gonzalez-

Jose 2012; Smith 2010; Smith and Dewitt 2016; Thulman 2012).

Figure 4.3. Outline of landmark locations

Tools were photographed with a Canon DSLR EOS T3i camera on a light table at the University 

of Alaska Museum of the North. In order to maintain consistency and reproducibility, the camera was 

secured to a tripod that was 44 inches high and 17 inches from the light table, set to a shutter speed of 

1/25, ISU set at 100, and F-stop at 5.6 using a 50 mm lens for all pictures. Manual setting and manual 

focus were used to ensure that the focal point was controlled for. A graphed scale was affixed to the light 

table, and removed in post processing. Photographs were converted into a tps-Utility program (version 

1.44, Rohlf 2019), which allowed the digitizing program to compile all of the coordinates for each artifact 

into a single file. The compiled package of photos were uploaded into tpsDig software (version 2.16, 

Rohlf 2018a).

The digital shapes of the tools were captured from the images using the tpsDig software and 

biface outlines, featured in the two-dimensional digital photographs, were then assigned landmarks for 

analysis. Tools were grouped and processed separately by landmarks on the tool (outlined in Figure 4.3), 

in order to reduce error during the computational process. Shapes were captured of both complete and 

fragmented bifaces, each grouped and analyzed separately to eliminate error in a combined analysis.
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Groupings were based on landmarks present on each tool, resulting in 11 sets: L1-3, L1-5, L1-7, L1-8, 

L2-5, L2-7, L2-8, L4-5, L4-8, L6-7, and L6-8. After the data acquisition process was completed and each 

group of images was packaged based on landmarks, the process of superimposition began. Due to limited 

sample sizes, only six of the 11 landmark packages were able to go through superimposition and 

produced consensus images.

Figure 4.4. Landmark outline and consensus image for grouping L1-8

Superimposition is common in geometric morphometric studies, meant to reduce the confounding 

effects of the digitizing process and to control for size differences among samples (Rohlf 2003; Rohlf and 

Slice 1990). Landmark superimposition requires three steps: 1) the set of landmark coordinates are 

centered at their origin or “centroid” and all of the configurations are scaled to the unit centroid size, 2) 

the consensus configuration is computed, 3) each landmark configuration is rotated to minimize the sum- 

of-squared residuals from the consensus configuration.

Superimposition of the landmarks was performed using tpsSuper software (version 2.05, Rohlf 

2018b). With this software, landmark data for each image was compared and produced a consensus 

image, which depicts superimposed landmark points and vectors. For example, Figure 4.4 (shown above) 

shows the consensus image for the L1-8 grouping compared to the landmark outline. The superimposed 

41



consensus image shows variation in the locations of each landmark recorded. For this study, the limited 

number of landmarks for each object allowed for a consistent, if not rudimentary, understanding of mean 

shape, provided a visual for the range of variation present the sample of bifaces, and highlighted areas 

with the least amount of variation.

4.1.1.4 Standardization Over Time (in 1,000 Year Intervals)

Morphological variation can reflect the degree of tolerance for deviation from a standard size, 

shape, form, or method of construction (Eerkens and Bettinger 2001). Generally, a higher tolerance 

increases variability, while a lower tolerance decreases variability and leads to standardization. Artifact 

standardization reflects how similar artifacts are to one another and can be relate to a number of aspects, 

including production costs, access to resources, and replication and learning behaviors (Chase 2008; 

Eerkens and Bettinger 2001).

Previous studies have suggested that side-notched bifaces at Northern Archaic sites show 

morphological variation over time (Anderson 1988). This study examines standardization in metric data 

over time, with a goal of evaluating whether there are increased or decreased rates of standardization 

among side-notched bifaces found at Northern Archaic sites. Changes in rates of standardization may 

relate to the use of risk management strategies throughout the mid-Holocene, as discussed in Chapter 3.

To evaluate changes in standardization over time, coefficient of variation (CV) was calculated for 

the metric data of sampled tools with associated dates, in 1,000 year intervals (these groupings are listed 

later the chapter). CV allows relative amounts of variation to be compared among metric data with 

different means (White 2013). CV is calculated as the Standard Deviation/Mean x 100 (Simpson and Roe 

1939; Thomas 1986; Wadley and Mohapi 2008; White 2013). Generally speaking, the smaller the 

standard deviation, the smaller the CV, and the greater the standardization (Cheshier and Kelly 2006; 

Wadley and Mohapi 2008). CV is demonstrated to be a reliable statistic for testing standardization in 

artifact groups, even among small samples (Simpson 1947; Simpson et al. 1960).

CV values (denoted as a percentage) represent standardization among artifact groups, with values 

between 1.7-4.5% indicating complete standardization (i.e. the minimum amount of variation attainable 

by humans) and 57.7% or higher indicating unstandardized and extremely variable artifacts groups 

(Eerkens 2000; Eerkens and Bettinger 2001). Some studies suggest CV values of 20% and below indicate 

standardization (Fisher 2006), and others use CV values of 10% and below (Wadley and Mohapi 2008); 

some authors have highlighted the fact that the specific value used for determining standardization can be 

somewhat arbitrary and dependent upon the amount of variation present in the artifact studied (Wadley 
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and Mohapi 2008). To compensate for this, many studies report a range of CV values which reflect 

standardization, or show changes in CV values indicating increased or decreased standardization (Eerkens 

2000; White 2013; Zeanah and Elston 2001).

4.1.2 Functional Variation

4.1.2.1 Functionality Assumptions and Biases

The term “point” and “projectile point” have been used ambiguously, generally in reference to the 

end of a weapon intended to pierce into or cut an object (Knecht 1997). However, these terms also imply 

that the weapon is being launched, thrown at an object, or used as a spear point (Knecht 1997). 

Throughout this thesis, I refer to the body of literature associated with projectile point technologies and 

analyses; however, I do not assume that side-notched bifaces were used as projectiles. To reduce 

confusion regarding the “point” of a tool, I refer to the distal end or tip of a side-notched biface.

Functional factors most likely have a significant impact on the morphology of the tools, which 

can be examined with macroscopic and microscopic use-wear analyses; however, due to the scope of the 

project, systematic use-wear analysis was not conducted, restricting my ability to evaluate differences in 

function across time and space. These are important factors to evaluate in future studies.

As previously stated, all of the tools analyzed for the study are housed at the University of Alaska 

Museum of the North (UAMN) and University of Alaska Fairbanks Anthropology Department. While the 

collection available was extensive, this may have created a sampling bias affecting several types of data, 

particularly relating to raw material. Several studies demonstrate the abundant use of obsidian and 

obsidian side-notched bifaces at Northern Archaic, particularly in northern Alaska (as demonstrated in 

Anderson 2008; Esdale 2009; Keeney 2019; Slobodina et al. 2009); however, these samples were not 

available to be included in this study. While raw material is examined as a potential source of variation in 

this study, I am limited in my ability to make inferences about side-notched bifaces made with obsidian.

4.1.2.2 Breakage Patterns

As demonstrated in numerous experimental and archaeological studies (Adams 2018; Ahler and 

McMillan 1976; Barton and Bergman 1982; Bergman and Newcomer 1983; Frison 1978; Holdaway 

1989; Odell 1988; Roper 1979; Shea 1988; Woods 1988) fracture and breakage patterns on chipped stone 

tools can be indicators of tool use (Dockall 1997). Fracture and breakage studies of lithic projectile points 

have provided insights into hunting behaviors (Ahler 1971; Driskell 1986; Iovita et al. 2014). Previous 
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studies have commented on the observed frequency of fractures or common breaks on side-notched 

bifaces found at Northern Archaic sites (Ackerman 2004; Anderson 1988), often interpreted as resulting 

from impact (Rasic and Slobodina 2008).

The type of breaks being analyzed in this study are sometimes referred to as fatigue wear in use

wear and fracture studies, and are the result of the mechanical failure of the tool as tensile strength of the 

raw material is exceeded by forces of impact (Hedges and Buckley 1981). While there is an abundant 

literature on impact fractures, or “diagnostic impact fractures” (Lombard 2005), it is largely restricted to 

flake removal (due to impact), and can only be appropriately applied to damage that could not have been 

produced by other uses, such as cutting, chopping, piercing or boring (Iovita et al. 2014). It is less likely 

that severe mechanical failure resulting in a complete break of the tool (not simply a fracture resulting in 

the removal of a flake) would be the consequence of uses other than impact. However, it is also important 

to consider that manufacturing error can lead to similar fractures and breakage patterns (Dockall 1997), or 

as could dropping the tool (Hutchings 2011).

In general, lithic projectile points have been demonstrated to break easily on impact, sometimes 

after only a few throws (Adams 2018). A used, broken, and discarded tool can provide insights into the 

type and frequency of use, and can speak to subsistence practices and tool use. Here, I will evaluate 

evidence that directly relates to the functional use of the tool and broader hypotheses can be made when 

compared to experimental studies on projectile point impact fractures and breakage patterns (Adams 

2018; Dockall 1997; Erens et al. 2014; Odell and Cowan 1986; Shea et al. 2002; Towner and Warburton 

1990; Wilkins et al. 2012).

Lithic projectile points are commonly broken on the transverse axis, sometimes described as a 

lateral break (Villa et al. 2009) and often have snap-terminating damage (referred to as snap breaks; Iovita 

et al. 2014; Villa et al. 2009). Experimental studies demonstrate that lateral breaks happen more 

frequently in perpendicular impacts, especially at lower speeds, and may be more representative of 

thrusting spears (Iovita et al. 2014; Villa et al. 2009). Longitudinal fractures and breaks are also 

commonly associated with use as a projectile, as demonstrated in numerous experimental studies (Dockall 

1997; Hunzicker 2008; Shea 1988; Towner and Warburton 1990; Weitzel et al. 2014). These breaks are 

commonly described as running along surface of the longitudinal axis of the tool (e.g. running from the 

tip to the base of the tool). However, some studies show that longitudinal breaks often occur at the distal 

end of a tool, which could represent direct evidence for projectile point use in archaeological samples 

(Dockall 1997). Some studies have found that longitudinal breaks are more frequently located in hafted 

portion of bifacial tools with side or corner notching (Roper 1979) and Iovita et al. (2014) demonstrate 

that the frequency of longitudinal macrofractures and breaks increases with impact speed.
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In this study, breakage/fracture type and location were recorded for the total sample of side- 

notched bifaces (N=209). As described previously, many studies characterize breakage type either by type 

of force or location on the tool. These lead to generalized terms such as “base break” and “tip snaps” 

(Sedig 2010), which decreases precision and subsequent comparability among analyses. For this study, 

breakage location was primarily recorded in relation to the landmarks used when collecting metric data 

and conducting geometric morphometric analyses. For example, if a break was recorded at or very close 

to the shoulders of the biface, it was recorded as a break at Landmarks 2-3 (L2-3). This kept variable data 

consistent throughout the study. Macrofractures resulting in scars, flake removals, or microscopic use

wear were not recorded in this study, only breakage/fracture that resulted in the severe mechanical failure 

of the tool, and complete removal of a portion of the tool was recorded as a breakage pattern.

There is limited consensus on the correct terminology to describe breakage patterns, and this 

study did not examine diagnostic impact fractures or microscopic use-wear, which might require narrower 

classification of attributes (Coppe and Rots 2017). In this study, breaks were consistently recorded as 

“transverse/lateral” breaks (see Figure 4.5 for example; Odell and Cowan 1986; Roper 1979; Shea et al. 

2002) or recorded as “longitudinal” breaks (Figure 4.6). Transverse/lateral breaks include lateral snap, 

step and hinge fracture types (type of termination was not recorded in this study), perpendicular to the 

tool's axis (Odell and Cowan 1986; Shea et al. 2002). Longitudinal breaks (Hunzicker 2008; Lafayette 

and Smith 2012) were vertical breaks along the length of the tool, found on a small number of tools, and 

were distinct from the common transverse/lateral breaks. In addition, several longitudinal breaks appeared 

to be spin-off fracture types (Coppe and Rots 2017), but this distinction was not made in this study.

Figure 4.5. Breakage patterns- example of transverse/lateral break
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Figure 4.6. Breakage patterns- example of longitudinal break

4.1.2.3 Macroscopic Wear Patterns on Distal End

While damage to the distal end of bifaces is commonly attributed to use as a projectile point and 

impact damage, macroscopic wear patterns can highlight use for different functions, such as use as a knife 

or projectile point (Lafayette and Smith 2012; Thomas 1981). In order to better capture functional 

variation, macroscopic wear patterns visible on the distal end of the tool were examined. Many side- 

notched bifaces found at Northern Archaic sites had no breakage patterns present (considered complete 

and not broken) and still showed damaged on the distal end (or tip). To better understand functional 

variation, the distal end of each tool was recorded as: 1) Complete (at tip/L1); 2) Modification/Damage 

Present; or 3) Missing. Side-notched bifaces with complete distal ends had no (macroscopically) visible 

and substantial damage. This category is not meant to suggest that side-notched bifaces which have 

complete distal ends have never been used, only that substantial damage or modification to the distal end 

is not present. Side-notched bifaces with large fractures, scars, flake removals, grinding, or rounding at 

the distal end (on the tip) were recorded as having modification/damage present. Finally, broken bifaces 

on which the distal end was completely removed were considered as “missing” their distal end. Figures 

4.7-4.9 show examples of tools recorded as having complete distal ends, modification/damage present on 

the distal end, and missing distal ends. These observations are subjective and not meant to serve as a 

comprehensive use-wear study. However, this study can provide a foundation for understanding the 

functional variation present among side-notched bifaces found at Northern Archaic sites.
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Figure 4.7. Example of a complete distal end (at tip/L1)

Figure 4.8. Example of modification/damage present on the distal end
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Figure 4.9. Example of missing distal end

4.1.2.4 Dart-Arrow Indices

Many studies struggle to find quantitative methods from which to infer the function and delivery 

system used for projectile points found in the archaeological record (Erlandson et al. 2014). Complicating 

the matter, many projectile points and bifacial tools are found fragmented or incomplete and it becomes 

difficult to determine whether a point was hafted to a spear, dart, or arrow. Several studies have suggested 

that variation in tool morphology and metric data may distinguish projectile points used as darts from 

points used as arrows (Ames et al. 2010; Fenenga 1953; Hildebrant and King 2012; Shott 1997; Thomas 

1978). While early studies suggested that weight was a good indicator of use (Fenenga 1953), later studies 

focused on tool elements which are subject to hafting constraints such as measurements of the neck and 

shoulders (Shott 1997; Thomas 1978). Using a discriminant analysis, Shott (1997) found that shoulder 

width was the most significant discriminator between dart and arrow projectile points. More recently, 

Hildebrandt and King (2012) present a Dart-Arrow Index, which relies on measures of neck width and 

maximum thickness to provide a threshold value, as these areas were minimally altered by rejuvenation or 

damage (Flenniken and Raymond 1986). They found that maximum thickness alone showed variation 

between darts and arrows in the archaeological record (Hildebrandt and King 2012; Hockett et al. 2014). 

In the archaeological samples examined, projectile points used as arrows had average maximum 

thicknesses of less than five millimeters. Later, Erlandson et al. (2014) tested archaeological samples 

using multiple dart-arrow indices and discriminant function analyses as proposed by Ames et al. (2010),
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Hildebrandt and King (2012), Shott (1997), and Thomas (1978). Although different metric data is 

examined were each study, the results were often consistent in making the distinction between a dart and 

arrow.

Applying these methods to Northern Archaic sites, Rasic and Slobodina (2008) plotted a sample 

of side-notched bifaces from sites in northern Alaska and ethnographic dart points following Shott's 

(1997) methods of discriminant analysis, which used neck width (mm) and shoulder width (mm) as a 

predictor for use as a dart or arrow. They found that every side-notched biface examined fell within the 

dart category, near the large end of the dart range.

These previous studies demonstrate that measurements of the neck and shoulders can be good 

indicators of dart or arrow use for projectile points found in the archaeological record. This study uses 

maximum thickness, which occurs at the shoulders in all side-notched bifaces found at Northern Archaic 

sites, and uses a Dart-Arrow Index similar to previous studies (Erlandson et al. 2014; Hildebrandt and 

King 2012; Hockett et al. 2014). Though the exact thickness fluctuates based on shape and style of each 

type or assemblage analyzed, these studies found that an average maximum thickness of greater than or 

equal to five millimeters indicated that the tool was used as a dart. In addition, it is important to note that 

discriminant analyses and dart-arrow indices can be used to support an argument for use as a projectile 

point, but they should not be the sole method applied (Erlandson et al. 2014). Therefore in this study, a 

Dart-Arrow Index is used along with other methods for examining functional variation among side- 

notched bifaces found at Northern Archaic sites.

4.2 Potential Avenues for Variation

In exploring the nature and extent of morphological and functional variability in side-notched 

bifaces, a sample of 209 bifaces was examined; these derive from 63 Northern Archaic sites across 

northern and central Alaska. The entirety of the sample is housed at the University of Alaska Museum of 

the North. All of the material was originally collected or excavated from sites assigned to the Northern 

Archaic tradition by the primary investigator.

In addition to the larger, intersite analysis, the magnitude and potential causes for variability were 

examined on several spatial and temporal scales, including: 1) a wide geographic expanse across several 

ecological regions of Alaska; 2) across 1,000 year intervals throughout the mid-Holocene and the 

majority of the temporal extent of the Northern Archaic; and 3) within a tool assemblage from a single 

location and occupation in central Alaska. The methods used to explore variation varied for each scale 
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and potential cause of variation in order to answer all of the research questions; the methods examining 

functional variation remain the same for each scale (as shown in Table 4.1).

Table 4.1. Methods used in each scale of variability

Method Intersite 
(63 Sites)

Regional 
(11 Regions)

Temporal 
(6,000-1,000 cal 

Years BP)

Intrasite 
(the Ratekin 

Site)
Metric Data X X X X

Raw Material X X X
Geometric 

Morphometric Analysis
X

Standardization in
1,000 Year Intervals

X

Functional Variation 
(Breakage Patterns, 

Macroscopic Patterns, 
Dart-Arrow Index)

X X X X

4.2.1 Intersite Variation

This scale of analysis highlights the extent of variation present in a large sample of side-notched 

bifaces from Northern Archaic sites and provides a comparison with other scales of variation. Table A.1 

in Appendix A details each of the 63 archaeological sites that were included in this study. The table 

provides some background information from the site, including the AHRS site number, site name, 

calibrated radiocarbon dates1, the number of side-notched biface samples included in this study, the 

corresponding ecological regions, presence of faunal remains at the site, and referenced literature. With 

samples from 63 sites across central and northern Alaska, it is difficult to provide a detailed background 

for each site.

1 Calibrated dates are provided for the dates associated with the samples used in the study.

In this scale of analysis, morphological and functional variation are examined for 209 side- 

notched bifaces from 63 sites with Northern Archaic occupations. Morphological variation is examined 

with metric data, raw material type, and a geometric morphometric analysis. Functional variation is 

evaluated through breakage patterns, macroscopic wear patterns on the distal end, and placement in a 

Dart-Arrow Index.
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4.2.2 Ecological and Regional Variation

Ecological and regional variation may result in variation in lithic technology; this can include 

varying terrain, climate, subsistence resources, and raw material sources (White 2013). Northern Archaic 

sites are widely distributed across the state of Alaska, spanning many ecological regions. The state of 

Alaska has a total area of 1,717,856 km2, and contains five climatic zones and five mountains ranges, 

resulting in numerous regions with highly variable ecological environments. The dataset used defines 

ecological units throughout Alaska based on a combination of climate parameters, vegetation, surficial 

geology, topography, lithology, soils, permafrost, hydrography, the fire regime, and glaciation of the 

region (created by Nowacki et al. 2001). The ecological regions are organized into three divisional levels, 

based on gradients of climate, vegetation and disturbance processes (as shown in Figure 4.10). In 

addition, regional variation could relate to cultural differences among Northern Archaic populations in 

different regions; though this is difficult to study, it is a potential cause for variation. Alternatively, a lack 

in variation across ecological regions might suggest that different environments with varied resources and 

populations had little effect on side-notched bifaces.

In this scale of analysis, morphological and functional variation are examined for 199 side- 

notched bifaces from 63 sites with Northern Archaic occupations (regional data could not be obtained for 

ten samples). In Appendix B, Table B.1 shows each regional level of division, the corresponding sites, 

and number of side-notched biface samples included in this study. In Appendix B, Figures B.1-B.3 show 

each regional level of division and the distribution of study sites. Morphological variation is examined 

with metric data and raw material type. Functional variation is evaluated through breakage patterns, 

macroscopic wear patterns on the distal end, and placement in a Dart-Arrow Index.

4.2.3 Temporal Variation

Material culture associated with the Northern Archaic has been found at sites dating to the mid

Holocene and spans at least a 5,000 year period in central and northern Alaska (Dixon 1985; Esdale 2009; 

Giddings 1962; Holmes 2001, 2008; Potter 2008 a, b, c) representing a relatively wide span of time. 

Based on studies showing the distribution of mid-Holocene sites in northern and central Alaska, 6,000

1,000 cal years BP represents the majority of the temporal extent of the Northern Archaic in these 

regions. Changes over time can represent a potential for morphological and functional variation. Previous 

studies have suggested that side-notched bifaces associated with the Northern Archaic are sensitive to 

morphological variation over time, particularly stylistic variation on the proximal end and base of the tool 

(Anderson 1988, 2008). However, more recent studies have found a lack of evidence to support variation 

over time (Esdale 2009).
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Figure 4.10. Study sites and ecological regions in Alaska as defined by Nowacki et al. 2001



Many of the samples in this study were isolated finds, from mixed components, or undated sites 

which have no chronological control. The lack of material for dating at mid-Holocene sites represents a 

significant limitation in exploring temporal variation among side-notched bifaces. Only 15 sites in the 

study have associated radiocarbon dates, representing 40.4% (N=85) of the tools and these range from 

6,000 cal years BP to 1,000 cal years BP (shown in Table 4.2). Figure 4.11 shows the distribution of 

Northern Archaic sites used in this study and highlights the sites which contained samples with associated 

radiocarbon dates. This map also shows Nowacki et al.'s (2001) level 2 of regional division to highlight 

the regional distribution of sites with associated dates. Due to small sample sizes, temporal variation 

among side-notched bifaces is examined in 1,000 year intervals, based on associated radiocarbon dates 

(Table 4.2). Morphological variation over time is examined through changes in metric data and CV 

values, which reflect artifact standardization. Functional variation is evaluated through breakage patterns, 

macroscopic wear patterns on the distal end, and placement in a Dart-Arrow Index.

Table 4.2. Temporal groupings used in the study

Temporal Grouping
6,000-5,000 cal 

years BP
5,000-4,000 cal 

years BP
4,000-3,000 cal 

years BP
3,000-2,000 cal 

years BP
2,000-1,000 cal 

years BP
ARC-040 (N=5) TLM-097 (N=2) FAI-001 (N=1) MMK-004 (N=3) FAI-035 (N=11)
HEA-175 (N=2) TLM-143 (N=9) KIR-096 (N=1) PSM-050 (N=18) MMK-012 (N=1)
XCL-451 (N=1) Total: 11 tools 

(5.2% of sample)
TLM-030 (N=20) TNX-004 (N=1) PSM-060 (N=8)

Total: 8 tools 
(3.8% of sample)

Total: 22 tools 
(10.4% of sample)

XMH-227 (N=2) Total: 20 tools 
(9.5% of sample)Total: 24 tools 

(11.4% of 
sample)

4.2.4 Intrasite Variation

A large sample (N=45) of side-notched bifaces associated with the Northern Archaic were 

obtained from the Ratekin site (HEA-187), allowing for consideration of variation in side-notched biface 

variation from a single site, and from a presumed single occupation, though the site remains undated. The 

Ratekin site was discovered by Ivar Skarland and Charles Keim in 1957 on a survey of archaeological 

sites along the Denali Highway (shown in Figure 4.12), and is located approximately 75 miles from 

Paxson (Skarland and Keim 1958). An abundance of side-notched bifaces (interpreted as projectile 

points/knives) and scrapers were recovered from the site, and the authors interpreted the site as a hunting 

camp. The site appeared to be a “butchering ground where caribou were funneled into a narrow corridor 

created by the muskeg to the south and the steep foothills to the north” (Skarland and Keim 1958:75). The 

authors thought it was clear that caribou were heavily exploited at this site, as modern caribou trails lined 

the upland landscape.

53



54

Figure 4.11. Study sites with associated radiocarbon dates
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Figure 4.12. The Ratekin site



Intrasite component and spatial information were not available for the samples collected; the 

analysis was limited to examining side-notched biface variation as a single group. The Ratekin site 

comparison of side-notched bifaces provides insight of the degree of variation that may be present within 

a single site versus an aggregate population of tools from across Alaska. Morphological variation is 

examined with metric data and raw material type. Functional variation is evaluated through breakage 

patterns, macroscopic wear patterns on the distal end, and placement in a Dart-Arrow Index.

To highlight patterns in the spatial data, the Ratekin site sample will be compared to samples 

from the corresponding region in each regional level of division based on Nowacki et al. 2001, including: 

Boreal (level 1), Alaska Range Transition (level 2), and Alaska Range (level 3) regions. Figure 4.12 

shows the location of the Ratekin site (HEA-187) and Nowacki et al.'s (2001) level 3 of regional division.
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Chapter 5 Results

This chapter describes the results of each of the analyses performed on the sample of 209 side- 

notched bifaces associated with the Northern Archaic. Section 5.1 will summarize the results of the 

morphological and functional analyses of the total sample of 209 side-notched bifaces from 63 Northern 

Archaic sites across central and northern Alaska. Next, the results for each scale of potential variability 

are examined: variation across ecological regions of Alaska (Section 5.2) and variation throughout the 

mid-Holocene (Section 5.3). Finally, results of variability among side-notched bifaces at a single site, the 

Ratekin site, are examined in Section 5.4; these are compared to the larger, intersite sample.

5.1 Results: Intersite Variation

5.1.1 Metric Data

Descriptive statistics for the following are provided in Table 5.1: total length, blade length, blade: 

total length ratio, maximum width, weight, thickness at the tip (Landmark 1), thickness at the shoulders 

(Landmarks 2-3), thickness at the neck (Landmarks 4-5), thickness at the ears (Landmarks 6-7), ear 

height, and asymmetry. Metric data were recorded for the entire sample of complete and fragmented 

bifaces (N=209); however, not all measurements were possible on incomplete bifaces. For example, total 

length was only recorded on complete bifaces which had Landmarks 1-8 present.

As demonstrated by this table, a wide range of variability is present in the population of Northern 

Archaic bifaces sampled (Buchanan et al. 2011; Cheshier and Kelly 2006). Attributes that incorporate the 

distal end of the tool, such as total length, blade length, blade: total length ratio, and asymmetry have the 

widest ranges and vary greatly within the sample. Attributes at the distal end of the tool would be the 

most affected by any reworking/modification or damage to the tip of the biface (Buchanan et al. 2011; 

Cheshier and Kelly 2006). Representing the proximal end of the tool, ear height, and thickness at the ears 

(Landmarks 6-7) have the narrowest range of variation, suggesting that this location may not be subject to 

much change or modification, which likely relates to hafting constraints.

Histograms for each metric variable visually display the amount of variation present among the 

total population of bifaces sampled (as shown in Figure 5.1 and Appendix C). The histograms show that 

much of the metric data have relatively normal distribution. Despite the wide range of variability present 

in the sample, much of the data falls near the average. Some metric data, such as blade length, maximum 

width, weight, and blade asymmetry are slightly to moderately skewed, indicating that many values fall 

outside the average for these attributes (Figures 5.1).

57



Table 5.1. Shape variable descriptive statistics

N=209 N Range Minimum Maximum Mean Median Std.
Deviation

CV

Total Length 
(mm)

80 44.10 21.10 65.20 38.87 38.05 8.75 22.51

Blade Length 
(mm)

94 59.50 12.90 72.40 28.58 27.35 10.80 37.78

Total Length: 
Blade Length

Ratio (%)

54 28.04 57.41 85.45 70.84 70.7 6.78 9.57

Maximum 
Width (mm)

86 16.64 12.90 29.54 23.05 23.29 3.38 14.66

Weight (g) 76 20.50 1.00 21.50 6.36 5.72 3.14 49.37
Thickness at 

Tip (mm)
88 2.45 1.15 3.60 2.05 1.90 0.60 29.26

Thickness at 
Shoulders 

(mm)

162 7.25 2.90 9.60 5.24 5.21 1.05 18.97

Thickness at 
Neck (mm)

184 7.00 2.60 9.60 5.24 5.21 1.05 20.03

Thickness at 
Ears (mm)

166 5.30 1.90 7.20 3.91 3.80 0.86 21.99

Ear Height 
(mm)

177 6.14 2.18 8.32 5.06 4.90 1.19 23.51

Blade
Asymmetry 

(%)

78 29.71 0 29.71 5.69 4.20 5.68 99.82

Figure 5.1. Intersite metric data distribution: blade length (mm)

58



A majority of the tools display little blade asymmetry, such that the central tendency is very low 

and the sample does not represent a normal bell curve. Several metric data exhibit bimodality (Read 

2007), or two central tendencies (averages), including: total length, blade: total length ratio, thickness at 

the tip (Landmark 1), and ear height. Bimodality raises the possibility of distinct classes of tools within 

the sampled population of side-notched bifaces sampled (Read 2007). This is further explored in Chapter 

6.

Total length and maximum width (recorded at the shoulders of each tool) were plotted for all of 

the tools to identify distinct clusters that might indicate multiple groups or shapes within the sample 

(Figure 5.2). The intersite sample shows a relatively random scatter with no distinct clusters for overall 

size. The majority of side-notched bifaces from Northern Archaic sites have widths greater than 10 mm 

and lengths between 30-60 mm.

Figure 5.2. Intersite length vs. width (mm) scatterplot

5.1.2 Raw Material

Raw material type was recorded for all tools sampled in this study (N=209). There were six 

different types of raw materials (Figure 5.3) used to manufacture the tools in the study sample: argillite 

(9.5%), basalt (29.5%), chert (51.9%), obsidian (1.4%), quartzite (1.9%), and rhyolite (5.7%). As 
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mentioned in Chapter 4, there was some sampling bias, and some raw materials may have been under 

sampled.

Figure 5.3. Intersite raw material type

Tools made from obsidian and rhyolite are often not able to be included in the boxplots depicting 

metric data by raw material type, as they contained less than three samples each. As each metric variable 

has a different sample size (due to using complete and fragmented tools in this study; refer back to Table 

5.1), rhyolite was able to be included in majority of the boxplots. The boxplots show differences among 

raw materials type, specifically in blade length, maximum width, ear height, and overall thickness (at the 

shoulders, neck, and ears), as shown in Figure 5.4 and Figure 5.5 (all other boxplots are shown in 

Appendix C). Side-notched bifaces made from basalt have greater lengths and are thinner than bifaces 

made from chert, argillite, and rhyolite (see in Appendix C). Chert bifaces have much wider ranges for 

maximum width and ear height than bifaces made from other raw material types, though the average 

(mean) is similar for all raw material types (as shown in Figure 5.4). Finally, blade asymmetry data shows 

the most consistency across all raw material types (see Figure 5.5). The Kruskal-Wallis test of variance 

was performed to highlight statistically significant differences in metric data across raw material types. 

Due to sample size requirements, the Kruskal-Wallis test could only be performed with metric data from 

side-notched bifaces made from argillite, chert, and basalt (Table 5.2). The results showed that there were 

statistically significant differences relating overall thickness (thickness at the shoulders, neck, and ears) 
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among raw material types. These results support the visual identification of differences in overall 

thickness across raw material types, specifically in bifaces made from basalt, seen in the boxplots.

Figure 5.4. Intersite maximum width (Landmarks 2-3; mm) by raw material type

Figure 5.5. Intersite blade asymmetry (%) by raw material type
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Table 5.2. Kruskal-Wallis results of raw material and metric data

N P-value for Metric Data Across Raw 
Material Types

Total Length (mm) 75 0.18
Blade Length (mm) 88 0.10

Blade: Total Length Ratio (%) 51 0.31
Maximum Width (mm) 78 0.83

Weight (g) 71 0.74
Thickness at Tip (mm) 83 0.78

Thickness at Shoulders (mm) 150 0.03
Thickness at Neck (mm) 166 0.01
Thickness at Ears (mm) 150 0.01

Ear Height (mm) 160 0.40
Blade Asymmetry (%) 74 0.78

Figure 5.6. Intersite length vs. width (mm) by raw material type

Total length and maximum width (recorded at the shoulders of each tool) for all tools sampled in 

this study (N=80) were plotted and labeled by raw material type, to identify distinct clusters which might 

suggest multiple groups or shapes (Figure 5.6). These results show that while there is abundant overlap in 

overall size of side-notched bifaces made from different raw materials, chert samples cluster at shorter 

lengths and greater widths relative to bifaces made from basalt. The results of the boxplots, Kruskal- 

Wallis test, and scatterplots depicting size characteristics indicate that side-notched bifaces made from 
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chert show more morphological variation than bifaces made from other raw material types, which might 

become more apparent when examined at different scales (such as regional, temporal, and intrasite 

scales).

5.1.3 Geometric Morphometric Analysis

Tools were grouped by landmarks present (and recordable); these groups were analyzed 

separately to allow for the analysis of fragmented tools as well as complete side-notched bifaces. Six 

groupings were analyzed: Landmarks 1-3, Landmarks 1-5, Landmarks 1-8 (complete tools), Landmarks 

2-8, Landmarks 4-8, and Landmarks 6-8. Analyzing groupings separately reduced error related to 

reworking and modification of certain landmarks after use. Groupings of Landmarks 1-7, Landmarks 2-7, 

Landmarks 2-5, Landmarks 4-5, and Landmarks 6-7 were excluded from analysis as each group consisted 

of less than three tools. Table 5.3 shows the distribution of tools for each group. Consensus images for 

each landmark grouping are provided in Appendix C.

Table 5.3. Geometric morphometric analysis: distribution of landmark groupings

Landmark Grouping N
Landmarks 1-3 3
Landmarks 1-5 7
Landmarks 1-8 68
Landmarks 2-8 33
Landmarks 4-8 27
Landmarks 6-8 3

Based on the consensus images (as shown in Figure 5.7 and in Appendix C), tools with 

Landmarks 1-8 present (or complete tools) appear to have the greatest degree of variation among samples 

(Figure 5.7). When examining all of the images, Landmark 1, Landmark 2, and Landmark 3, have the 

greatest “star burst” patterns, highlighting landmarks with large degree of variation between samples. 

Landmark 1 correlates with the tip, while Landmark 2 and Landmark 3 correlate with the shoulder of a 

side-notched biface, all of which make up the distal end of the tool. This variation likely associates with 

the frequency in which side-notched bifaces are broken at the distal end, and either reworked to be used 

again or discarded. Landmark 8, which correlates with the base of the tool, shows very little variation in 

many of the groupings. This may relate to the low frequency of breakage at the base of the tool, and 

possibly reflects limited reworking at the base of the tool. The geometric morphometric analysis and 
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traditional metric data produced similar results, showing that morphological variation is greatest among 

attributes in the medial and distal portions of side-notched bifaces.

Figure 5.7. Geometric morphometric analysis: consensus image for Landmarks 1-8 grouping

5.1.4 Breakage Patterns

Breakage type and location were recorded for 209 side-notched bifaces found at 63 Northern 

Archaic sites (Table 5.4). Forty percent (N=84) of the total sample was considered complete and had no 

breaks. These results show that majority of the breaks on the bifaces occurred in three locations: 26.4% at 

the tip (Landmark 1), 11.7% at the shoulders (Landmarks 2-3), and 9.4% at the neck (Landmarks 4-5). A 

majority of these breaks were transverse/lateral breaks (Odell and Cowan 1986; Shea et al. 2002), 

representing approximately 50.8% of the sample of tools and 84% of the break types.

Breakage patterns across raw material types are shown in Table 5.5, as frequency of breaks may 

be dependent upon raw material used for manufacture. Breakage types and locations among all raw 

material types are similar to the patterns represented for the intersite sample. Breakage most commonly 

occurred on chert (52.1%) and basalt (27.5%) tools, but these were also the most frequently used 

materials for the manufacture of side-notched bifaces. Both materials are considered durable (Adams 

2018; Loendorf et al. 2018) and may allow for multiple episodes of damage and reworking before the tool 
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is broken (severe mechanical failure) and discarded. This suggests that bifaces made from different raw 

material types were subject to breakage, and possibly used, in similar ways. Raw material as a source of 

variation is further discussed in Chapter 6.

Table 5.4. Intersite breakage patterns

Breakage Location (N=2112) Frequency (N) % of Sample
Landmark 1 56 26.4

Landmarks 1-7 1 0.5
Landmarks 1-8 2 1.0
Landmarks 1-3 1 0.5

Landmark 2 2 1.0
Landmarks 2-3 25 11.7
Landmarks 4-5 20 9.4
Landmarks 4-6 1 0.5
Landmarks 4-8 1 0.5
Landmarks 5-7 2 1.0

Landmark 6 2 1.0
Landmarks 6-7 4 2.0
Landmarks 6-8 1 0.5

Landmark 7 9 4.3
Complete (no breaks) 84 39.7

Total 211 100
Breakage Type (N=211)

Transverse/Lateral 107 50.8
Longitudinal 20 9.5

Complete (no breaks) 84 39.7
Total 211 100

2 Two tools had more than one break and both breaks were recorded, increasing the breakage 
location/type sample size.

5.1.5 Macroscopic Wear Patterns on the Distal End

A majority of the tools in this sample (N=156) had incomplete distal ends due to modification or 

damage (identified by macroscopic flaking, grinding, or rounding) on the tip (Landmark 1), or had a 

break closer to the proximal end of the tool so that the tip (Landmark 1) was completely missing. Because 

a biface could be considered complete ad yet show damage from modification or use, this sample includes 

some bifaces which were categorized as complete. Table 5.6 shows that a majority (74.64%) of the 

sample of side-notched bifaces either has macroscopic wear patterns present or is missing the distal ends. 

No differences in macroscopic wear patterns on the distal end of the bifaces was found when separated by 

raw material type as shown in Table 5.7.
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Table 5.5. Intersite breakage patterns by raw material type

66

Raw Material
Breakage Location 

(N=211)3
Argilite Basalt Chert Obsic ian Quartzite Rhyolite Total

N % N % N % N % N % N % (N/%)
Landmark 1 - - 13 22.5 31 28.2 1 33.3 2 40.0 - - 47/22.4

Landmarks 1-7 - - - - 1 0.9 - - 1/0.5
Landmarks 1-8 4 20.0 - - 2 1.8 5 33.3 11/5.2
Landmarks 1-3 - - - - - - 1 6.7 1/0.5

Landmark 2 - - 1 1.7 1 0.9 - - 2/0.9
Landmarks 2-3 1 5.0 4 6.9 18 16.4 2 13.3 25/11.8
Landmarks 4-5 4 20.0 7 12.2 8 7.3 1 20.0 20/9.6
Landmarks 4-6 - - 1 0.9 1/0.5
Landmarks 4-8 1 1.7 - - 1/0.5
Landmarks 5-7 1 1.7 1 0.9 2/0.9

Landmark 6 1 1.7 1 0.9 2/0.9
Landmarks 6-7 2 3.4 1 0.9 1 6.7 4/1.9
Landmarks 6-8 1 1.7 - - - - 1/0.5

Landmark 7 2 3.4 3 2.7 1 20.0 3 20.0 9/4.3
Complete 

(no breaks)
11 55.0 25 43.1 42 38.2 2 66.7 1 20.0 3 20.0 84/39.6

Total 20 100 58 100 110 100 3 100 5 100 15 100 211/100
Breakage Type 

(N=211)
Transverse/Lateral 9 45.0 28 48.3 55 50.0 1 33.3 4 80.0 10 66.7 107/50.8

Longitudinal - - 5 8.6 13 11.8 - - - - 2 13.3 20/9.5
Complete 
(no breaks)

11 55.0 25 43.1 42 38.2 2 66.7 1 20.0 3 20.0 84/39.7

Total 20 100 58 100 110 100 3 100 5 100 15 100 211/100

3 Two tools had more than one break and both breaks were recorded, increasing the breakage location/type sample size.



Table 5.6. Intersite macroscopic wear patterns on the distal end

Type (N=209) Frequency (N) % of Sample
Complete (at tip/L1) 53 25.3

Modification/Damage 
Present

85 40.7

Missing 71 34.0
Total 209 100

Table 5.7. Intersite macroscopic wear patterns on distal end by raw material type

Raw Material
Macroscopic 
Wear Pattern 

Type
(N=209)

Argillite Basalt Chert Obsidian Quartzite Rhyolite Total 
(N/%)N % N % N % N % N % N %

Complete 
(at tip∕L1)

4 20.0 16 25.8 29 26.9 1 33.3 1 25.0 2 16.6 53/25.34

Modification/
Damage 
Present

10 50.0 24 38.7 42 38.9 1 33.3 2 50.0 5 41.7 84/40.17

Missing 6 30.0 22 35.5 37 34.2 1 33.3 1 25.0 5 41.7 72/34.45
Total 20 100 62 100 108 100 3 99.9 4 100 12 100 209/99.96

5.1.6 Dart-Arrow Index

Previous studies found that average maximum thickness was the most robust measure for 

determining whether a bifacial tool was more likely used as a dart or an arrow (Erlandson et al. 2014; 

Hildebrandt and King 2012; Hockett et al. 2014). Though the exact thickness fluctuates based on shape 

and style of each type or assemblage analyzed, these studies found that an average maximum thickness of 

greater than or equal to five millimeters indicated that the tool was used as a dart. For the large sample of 

side-notched bifaces examined in this study, maximum thickness was always recorded at the shoulders 

(Landmarks 2-3) and had an average value of 6.27 mm. These results suggest that side-notched bifaces 

from Northern Archaic sites were produced to be used as a dart.

In exploring the variation in metric data across raw material types, both the boxplots and Kruskal- 

Wallis test highlighted differences in thickness at the shoulders (Landmarks 2-3) among bifaces made 

from different raw material types. Applying the Dart-Arrow Index, while bifaces made from basalt and 

obsidian are thinner at the shoulders than other raw material types (Table 5.8), the average maximum 

thickness values (5.70-5.77 mm) still fall within the dart category.

67



Table 5.8. Intersite Dart-Arrow Index for raw material types

Raw Material Type N Average Maximum 
Thickness (mm)

Category

Argillite 15 6.58 Dart
Basalt 48 5.70 Dart
Chert 87 6.48 Dart

Obsidian 1 5.77 Dart
Quartzite 3 6.88 Dart
Rhyolite 8 6.50 Dart

5.2 Results: Ecological and Regional Variation

A potential source of variability for side-notched bifaces are changes across space, specifically 

changes in morphology and function of tools found in different ecological regions of Alaska. To explore 

the nature and extent of morphological variation among side-notched bifaces in different regions, 

differences in metric data and raw material were examined. To better understand functional variation 

across regions, several results were examined: breakage patterns, macroscopic wear patterns on the distal 

end, and placement in a Dart-Arrow Index.

5.2.1 Metric Data

First, to explore the degree of regional variation among the bifaces sampled, data was compared 

across Nowacki et al. 2001's different regions of Alaska, divided into three levels (defined in Table B.1 in 

Appendix B). Metric data were statistically compared across regions with the Kruskal-Wallis test (Table 

5.9). The results for the first level of regional division, which separates samples into Polar and Boreal 

regions, showed statistically significant differences among several attributes, including: maximum width, 

thickness at the neck (Landmarks 4-5), and thickness at the ears (Landmarks 6-7).

The second division of ecological regions, divides Alaska into three ecological regions: Arctic 

Tundra, Intermontane Boreal, and Alaska Range Transition (Nowacki et al. 2001). The Kruskal-Wallis 

results showed a statistically significant difference in ear height and thickness (at the neck and ears) 

across these regions (Table 5.9). When examining boxplots for these data, the results showed that ear 

height and thickness increases for side-notched bifaces found at sites in northern/Arctic regions of Alaska 

(recorded as Polar and Arctic Tundra regions in Nowacki et al. 2001) relative to bifaces found at sites in 

Subarctic and boreal regions. The third and finest division of ecological regions divides the state of 

Alaska into 11 separate regions; however, I was not able to evaluate differences in metric data across 

these regions due to small sample sizes within each region (McKnight and Najab 2010).
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Table 5.9. Regional Kruskal-Wallis test results of metric data

N p-value for Level 1 
(Polar vs Boreal regions)

p-value for Level 2 
(Alaska Range Transition, 
Intermontane Boreal, and 
Arctic Tundra regions)

Total Length (mm) 77 0.833 0.233
Blade Length (mm) 90 0.213 0.095

Blade: Total Length Ratio (%) 52 0.954 0.987
Maximum Width (mm) 79 0.039 0.106

Weight (g) 72 0.673 0.781
Thickness at Tip (mm) 83 0.060 0.111

Thickness at Shoulders (mm) 152 0.075 0.055
Thickness at Neck (mm) 172 0.009 0.001
Thickness at Ears (mm) 156 0.044 0.002

Ear Height (mm) 165 0.277 0.019
Blade Asymmetry (%) 76 0.579 0.285

In addition to statistically evaluating metric variation, total length and maximum width were 

plotted for each regional level to identify potential clusters across regions. Figure 5.8 shows length vs. 

width across Boreal and Polar regions (level 1), with some distinct clustering with samples from the Polar 

region. Generally speaking, the majority of Polar region bifaces have greater widths and smaller lengths, 

when compared to the wide-spread (almost random) scatter of the samples from the Boreal region (with 

the exception of one long sample).

Figure 5.9 shows length vs. width across Alaska Range Transition, Intermontane Boreal, and 

Arctic Tundra regions (level 2). The distinct clusters of Polar region samples matches clustering in the 

Arctic Tundra samples, which have greater widths and smaller lengths. This is because the Polar and 

Arctic Tundra regions contain the same sites, while the Boreal region is further divided into Intermontane 

Boreal and Alaska Range Transition regions. Alaska Range Transition and Intermontane Boreal samples 

have similar scatters, though Intermontane Boreal samples appear to be shifted to the left side of the 

graph, indicating smaller lengths compared to the Alaska Range Transition region.

Finally, length vs. width for samples in the 11 regions of the third level of division in Nowacki et 

al. 2001 is shown in Appendix D (Figure D.1). The sample shows a widely dispersed (almost random) 

scatter across regions, though samples from northern regions appear to mostly have larger widths and 

smaller lengths, compared to regions farther to the south. Some of the regions in this level of division 

have small sample sizes, making it difficult to identify distinct clusters.
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Figure 5.8. Regional level 1 division: length vs. width (mm) scatterplot

Figure 5.9. Regional level 2 division: length vs. width (mm) scatterplot
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5.2.2 Raw Material

Figures 5.10 and 5.11 show the raw material frequencies for samples found in each region in the 

first two divisional levels of Nowacki et al. 2001. The first level of division, the Polar region has a higher 

frequency of side-notched bifaces made of chert, while a higher frequency of basalt and argillite bifaces 

are found in the Boreal region.

Figure 5.10. Regional level 1 division: raw material type

Figure 5.11. Regional level 2 division: raw material type
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When further divided into three regions (the Alaska Range Transition, Intermontane Boreal, and 

Arctic Tundra) raw material frequencies show a clear pattern: production of side-notched bifaces from 

chert increases in the northern regions and production of bifaces from basalt and argillite increases in 

southern regions. These differences are likely due raw material availability in the different regions.

5.2.3 Breakage Patterns

Breakage patterns for each regional levels 1 and 2 are shown below (Tables 5.10 and 5.11), while 

level 3 results are shown in Appendix D (Tables D.1 and D.2). The regional sample size (N=199) is 

slightly smaller than the larger sample, as ten tools could not be assigned to region. In the first level of 

division (Table 5.10), side-notched bifaces in the Polar region (64.1%) exhibit slightly higher frequencies 

of breakage compared to the Boreal region (59.4%). The most common breaks are transverse/lateral 

breaks at Landmark 1, Landmarks 2-3, and Landmarks 4-5. Breakage locations and type are similar 

across the Boreal and Polar regions, and both regions show a similar pattern to the larger sample.

Table 5.10. Regional level 1 division: breakage patterns

Regional: Level
Breakage Location (N=199) Boreal Polar Total (N/%)

N % N %
Landmark 1 41 25.5 13 33.3 54/27.13

Landmarks 1-8 3 1.9 - - 3/1.51
Landmark 2 1 0.6 - - 1/0.5

Landmarks 2-3 15 9.4 7 17.9 22/11.05
Landmarks 4-5 17 10.6 3 7.7 20/10.05
Landmarks 4-8 2 1.3 - - 2/1.01
Landmarks 5-7 2 1.3 - - 2/1.01

Landmark 6 2 1.3 - - 2/1.01
Landmarks 6-7 3 1.9 1 2.6 4/2.01
Landmarks 6-8 1 0.6 - - 1/0.5

Landmark 7 8 5.0 1 2.6 9/4.52
Complete (no breaks) 65 40.6 14 35.9 79/39.7

Total 160 100 39 100 199/100
Breakage Type (N=199)

Transverse/Lateral 79 49.4 22 56.4 101/50.76
Longitudinal 16 10.0 3 7.7 19/9.55

Complete (no breaks) 65 40.6 14 35.9 79/39.7
Total 160 100 39 100 199/100
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When regions are further divided (Table 5.11), samples from the Alaska Range Transition region 

(59.8%) and the Intermontane Boreal region (58.8%) show similar frequencies for breakage, relative to 

the slightly higher frequencies of breakage in the Arctic Tundra region (64.1%). Samples from the Alaska 

Range Transition region have fewer breaks at Landmarks 2-3 and more at Landmarks 4-5, with the other 

two regions exhibiting the opposite pattern. Overall, the breakage patterns are similar to the larger, 

intersite sample.

Table 5.11. Regional level 2 division: breakage pattern

Regional: Level 2
Breakage Location 

(N=199)
Alaska Range 

Transition
Intermontane 

Boreal
Arctic Tundra Total (N/%)

N % N % N %
Landmark 1 23 25.0 19 27.9 13 33.3 55/27.64

Landmarks 1-8 - - 2 2.9 - - 2/1.01
Landmark 2 1 1.1 - - - - 1/0.5

Landmarks 2-3 5 5.4 10 14.7 7 17.9 22/11.06
Landmarks 4-5 12 13.0 5 7.4 3 7.7 20/10.05
Landmarks 4-8 2 2.2 - - - - 2/1.01
Landmarks 5-7 2 2.2 - - - - 2/1.01

Landmark 6 2 2.2 - - - - 2/1.01
Landmarks 6-7 2 2.2 1 1.5 1 2.6 4/2.01
Landmarks 6-8 1 1.1 - - - - 1/0.5

Landmark 7 5 5.4 3 4.4 1 2.6 9/4.52
Complete (no breaks) 37 40.2 28 41.2 14 35.9 79/39.7

Total 92 100 68 100 39 100 199/100
Breakage Type (N=199)

Transverse/Lateral 47 51.1 32 47.1 22 56.4 101/50.75
Longitudinal 8 8.7 8 11.7 3 7.7 19/9.55

Complete (no breaks) 37 40.2 28 41.2 14 35.9 79/39.7
Total 92 100 68 100 39 100 199/100

The breakage patterns for third level of division of ecological regions are shown in Appendix D 

(Table D.1) and include the following frequencies of breakage: Brooks Range (66.7%), Brooks Foothills 

(63.6%), Davidson Mountains (80.0%), Kobuk Ridges and Valleys (42.9%), Ray Mountains (45.0%), 

Yukon-Old Crow Basin (50.0%), Yukon Tanana Uplands (50.0%), Tanana-Kuskokwim Lowlands 

(71.0%), Copper River Basin (100%), and Alaska Range (58.8%). The Alaska Range shows similar 

patterns as in the previous table, with less breaks at Landmarks 2-3 and more at Landmarks 4-5, while 

other regions show the opposite pattern. Overall, the breakage patterns are similar to the previous two 

regional levels of division and the larger, intersite sample. Overall, northern/Arctic regions have a slightly 

smaller frequency of complete side-notched bifaces than Subarctic and boreal regions. This may indicate 
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more use prior to substantial damage which might cause the discard of side-notched bifaces in 

northern/Arctic regions. This suggests that bifaces in different regions were broken, and possibly used, in 

similar ways; this is further explored in Chapter 6.

5.2.4 Macroscopic Wear Patterns on the Distal End

Overall, macroscopic wear patterns on the distal end showed little variation across regions and 

results were similar to the larger intersite sample. However, in the first level of division, the Polar region 

has a smaller frequency of samples with complete tips (15.4%), relative to the sample from the Boreal 

region, where 26.9% of the bifaces have complete distal ends (Table 5.12). In the second level of division, 

both the Arctic Tundra and Alaska Range Transition regions show a similar trend of a greater frequency 

of bifaces with damage or modification present on the distal end, compared to the frequency of complete 

and broken bifaces found in each region (Table 5.13). The third division of regions reflected similar 

patterns in northern/Arctic regions and within the Alaska Range region (shown in Appendix D, Table 

D.2).

Table 5.12. Regional level 1 division: macroscopic wear patterns on the distal end

Regional: Level
Macroscopic Wear Pattern Type 

(N=199)
Boreal Polar Total (N/%)

N % N %
Complete (at tip/L1) 43 26.9 6 15.4 49/24.62

Modification/Damage Present 61 38.1 19 48.7 80/40.2
Missing 56 35.0 14 35.9 70/35.17
Total 160 100 39 100 199/99.99

Table 5.13. Regional level 2 division: macroscopic wear patterns on the distal end

Regional: Level 2
Macroscopic Wear 

Pattern Type 
(N=199)

Alaska Range 
Transition

Intermontane 
Boreal

Arctic Tundra Total (N/%)

N % N % N %
Complete (at tip/L1) 20 21.7 23 33.8 6 15.4 49/24.63

Modification/Damage 
Present

41 44.6 20 29.4 19 48.7 80/40.2

Missing 31 33.7 25 36.8 14 35.9 70/35.17
Total 92 100 68 100 39 100 199/100

5.2.5 Dart-Arrow Index

Samples from both Polar (6.54 mm) and Boreal (6.12 mm) regions have similar average 

maximum thickness values. In the second level of regional division, side-notched bifaces from the Alaska 
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Range Transition region (5.99 mm) have lower maximum thickness values compared to Intermontane 

Boreal (6.29 mm) and Arctic Tundra regions (6.54 mm). These results support the raw material and 

regional results showing that: 1) bifaces made from basalt are overall thinner than bifaces made from 

other raw materials, and 2) production of bifaces made from basalt increases in the southern regions of 

Alaska.

Finally, in the third level of regional division, average maximum thickness values are variable, 

though appear to be generally smaller in regions to the south and larger in regions to the north (Table 

5.14). However, a sample found in the North Ogilvie Mountains region appears to be an outlier, showing 

an average maximum thickness of 3.9 mm, which may indicate use as an arrow. This region contains a 

single side-notched biface collected from Red Ochre Site (CHR-010).

Table 5.14. Regional level 3 Dart-Arrow Index

Regional- Level 3 N Average Maximum
Thickness (mm)

Category

Alaska Range 66 6.01 Dart
Brooks Foothills 26 6.72 Dart

Brooks Range 5 5.6 Dart
Copper River Basin 1 5.37 Dart
Davidson Mountains 4 5.09 Dart
Kobuk Ridges and 

Valleys
7 6.07 Dart

North Ogilvie Mountains 1 3.90 Arrow
Ray Mountains 18 6.83 Dart

Tanana-Kuskokwim
Lowlands

21 6.13 Dart

Yukon-Old Crow Basin 1 8.07 Dart
Yukon-Tanana Uplands 2 6.71 Dart

5.3 Results: Temporal Variation

Another potential source of variability for side-notched bifaces is change across time. To explore 

the nature and extent of morphological variation among side-notched bifaces throughout the mid

Holocene (6,000-1,000 cal years BP), differences in metric data and coefficient of variation (CV) are 

examined in 1,000 year intervals. CV values are used to examine standardization of an artifact, or the 

degree to which artifacts are made to be the same. To better understand functional variation across 

regions, I consider: breakage patterns, macroscopic wear patterns on the distal end, and a placement in 

Dart-Arrow Index across 1,000 year intervals.

75



5.3.1 Metric Data

Changes in metric data across 1,000 years intervals spanning 6,000-1,000 cal years BP are shown 

in Appendix E (Tables E.1-E.5). Metric data were recorded for a sample of bifaces with associated 

radiocarbon dates (N=85). Boxplot graphs show each metric variable over time and highlight temporal 

variation (as shown in Figure 5.12 and Figures E.1-E.10 in Appendix E). Based on these graphs, total 

length, blade:total length ratio, thickness at the tip (Landmark 1), thickness at the shoulders (Landmarks 

2-3), and ear height appear to have the least amount of variation over time. In particular, the ear height of 

side-notched bifaces appears the stay the most consistent throughout the mid-Holocene (Figure E.9 in 

Appendix E). This may be related to hafting constraints. In addition, the average maximum width 

(shoulder width) of side-notched bifaces shows a steady increase over time (Figure 5.12).

Figure 5.12. Temporal: maximum width (Landmarks 2-3; mm) in 1,000 year intervals

Figure 5.13 demonstrates the relationship between side-notched biface length and width 

throughout the mid-Holocene. The scatterplot shows a noticeable decrease in biface length from samples 

with associated dates from 3,000-2,000 cal years BP. Several tools with associated dates from 2,000

1,000 cal years BP are clustered, showing bifaces with higher widths with various lengths during this 

time. These temporal patterns are further discussed in Chapter 6.
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Figure 5.13. Temporal length vs. width (mm) scatterplot

5.3.2 Standardization Over Time in 1,000 Year Intervals

As previously discussed in Chapter 4, some studies state that the specific value used for 

determining standardization can be somewhat arbitrary and dependent upon the amount of variation 

present in the artifact studied (Wadley and Mohapi 2008). To compensate for this, many studies report a 

range of CV values which reflect standardization, or show changes in CV values indicating increased or 

decreased standardization (Eerkens 2000; White 2013; Zeanah and Elston 2001).

CV values (shown in Tables E.1-E.5 in Appendix E) for metric data recorded on side-notched 

biface samples grouped in 1,000 year intervals are: total length (10.62-24.04%), blade (25.07-33.10%), 

blade:total length ratio (1.49-9.77%), maximum width (14.46-20.66%), weight (22.89-59.10%), thickness 

at the tip (Landmark 1; 17.85-44.90%), thickness at the shoulders (Landmarks 2-3; 10.43-18.83%), 

thickness at the neck (Landmarks 4-5; 9.62-21.87%), thickness at the ears (Landmarks 6-7; 14.28

26.03%), ear height (18.03-28.20%), and asymmetry (45.70-100.6%). Using CV values of 20% and 

below (Fisher 2006), the following metric data are standardized throughout the mid-Holocene: blade:total 

length ratio, maximum width and thickness at Landmark 2-3. Thickness at Landmarks 4-5 and total 

length fall under CV values of 25%, which also indicate standardization. Several metrics show an extreme 
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amount of variability (greater than 57.7%; Eerkens 2000; Eerkens and Bettinger 2001), especially weight 

and asymmetry.

Seven out of the eleven metric variables measured in this study [total length, blade length, 

blade:total length ratio, thickness at the shoulders (Landmarks 2-3), thickness at the neck (Landmarks 4

5), thickness at the ears (Landmarks 6-7), and asymmetry] have CV values that appear to decrease 

between 3,000 -2,000 cal years BP, before increasing once more 2,000-1,000 cal years BP (as shown in 

Table 5.15). As smaller CV values reflect greater standardization, these results suggest that side-notched 

bifaces found in Northern Archaic components dated to 3,000-2,000 cal years BP show more 

standardization than earlier and later dates.

Table 5.15. CV values for metric data showing increased standardization during 3,000-2,000 cal years BP

Metric Data showing Increased Standardization c uring 3,000-2,000 cal years BP
4,000-3,000 
cal years BP

3,000-2,000 
cal years BP

2,000-1,000 
cal years BP

N CV N CV N CV
Total Length (mm) 10 20.4 9 19.1 8 24.0

Blade Length 12 33.1 8 24.5 10 30.5
Blade: Total Length Ratio (%) 6 9.8 8 2.6 8 8.7
Thickness at Shoulders (mm) 16 20.4 15 12.6 12 17.7

Thickness at Neck (mm) 19 17.3 19 16.2 19 21.9
Thickness at Ears (mm) 19 18.6 20 14.3 15 26.0

Asymmetry (%) 12 82.7 8 45.7 7 100.6

5.3.3 Breakage Patterns

Breakage patterns were examined to evaluate functional variation throughout the mid-Holocene 

(Table 5.16). Overall, breakage patterns do not appear to significantly fluctuate between 6,000-1,000 cal 

years BP; with the exception of the lower frequency of breakage during 5,000-4,000 cal years BP. 

However, this grouping has a sample size of less than ten and the results may not be fully representative 

of the functional variability of side-notched bifaces during this period. The shoulders (Landmarks 2-3) 

and the neck (Landmarks 4-5) were the most frequent locations showing damage, in every temporal 

grouping. The 5,000-4,000 year grouping had a greater percentage of complete bifaces relative to earlier 

and later periods. Overall, these results suggest that side-notched bifaces were broken, and possibly used, 

in similar ways throughout the mid-Holocene.
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Table 5.16. Temporal breakage patterns

Temporal Variation (cal years BP)
6,000
5,000

5,000
4,000

4,000
3,000

3,000
2,000

2,000
1,000

Total 
(N/%)

Breakage Location (N=85) N % N % N % N % N %
Landmark 1 2 25.0 2 18.2 - - 2 8.3 1 5.0 7/8.25
Landmark 2 - - - - - - - - - - -

Landmarks 2-3 2 25.0 - - 3 3.6 8 33.3 1 5.0 14/16.46
Landmarks 4-5 1 12.5 1 9.1 5 22.7 3 12.5 9 45.0 19/22.34
Landmarks 4-8 - - - - -
Landmarks 5-7 - - - - -

Landmark 6 - - - - -
Landmarks 6-7 1 4.5 - - 1/1.17
Landmarks 6-8 - - 1 4.2 1/1.17

Landmark 7 - - - - -
Complete (no breaks) 3 37.5 8 72.7 13 59.2 10 41.7 9 45.0 43/50.58

Total 8 100 11 100 22 100 24 100 20 100 85/99.98
Breakage Type (N=85)

Transverse/Lateral 4 50.0 1 9.1 8 36.3 12 50.0 10 50.0 35/41.16
Longitudinal 1 12.5 2 18.2 1 4.5 2 8.3 1 5.0 7/8.23

Complete (no breaks) 3 37.5 8 72.7 13 59.2 10 41.7 9 45.0 43/50.58
Total 8 100 11 100 22 100 24 100 20 100 85/99.97

5.3.4 Macroscopic Wear Patterns on Distal End

Overall, side-notched bifaces with associated radiocarbon dates showed similar macroscopic wear 

patterns on the distal end when compared to the larger, intersite sample (Table 5.17), with the exception 

of the samples from 5,000-4,000 cal years BP. These side-notched bifaces show a higher frequency of 

distal ends with modification/damage present. When examined with the breakage data above, it appears 

while that majority of the samples from 5,000-4,000 cal years BP are not broken, they do have 

modification/damage present on the distal end.

Generally, samples with associated dates have slightly more equal frequencies of distal ends with 

modification/damage present and no distal ends at all (recorded as missing, due to a break removing the 

distal end completely). Overall, there are no differences in macroscopic wear patterns on the distal end 

when examined in 1,000 year intervals, spanning from 6,000-1,000 cal years BP; with the exception of 

the 5,000-4,000 cal years BP interval (as shown in Table 5.17). These results may be influenced by the 

small sample sizes, and is further discussed in Chapter 6.
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Table 5.17. Temporal macroscopic wear patterns on the distal end

Temporal Variation (cal years BP)
6,000
5,000

5,000
4,000

4,000
3,000

3,000
2,000

2,000
1,000

Total 
(N/%)

Type (N=85) N % N % N % N % N %
Complete (at tip∕L1) 1 12.5 2 18.2 5 22.7 4 16.7 5 25.0 17/19.99

Modification/Damage 
Present

3 37.5 8 72.7 7 31.8 10 41.7 6 30.0 34/40.00

Missing 4 50.0 1 9.1 10 41.7 10 41.7 9 45.0 34/39.98
Total 8 100 11 100 22 100 24 100 20 100 85/99.97

5.3.5 Dart-Arrow Index

The average maximum thickness for side-notched bifaces varies over time (as shown in Table 

5.18) It starts high during 6,000-5,000 cal years BP period (7.57 mm), and drops at 5,000-4,000 cal years 

BP (5.81 mm). Samples from 4,000-2,000 cal years BP shows a relatively consistent average maximum 

thickness ranging from 6.31-6.85 mm, before dropping to 5.83 mm during 2,000-1,000 cal years BP. The 

consistency in data from 4,000-2,000 cal years BP is not surprising, as maximum thickness (recorded at 

the shoulders) showed standardization during this time period. Despite the variance over time, all of the 

average maximum thickness values for side-notched bifaces with associated radiocarbon dates suggest 

use as a dart.

Overall, side-notched bifaces found at Northern Archaic sites and associated with radiocarbon 

dates during the mid-Holocene do not show significant functional variation over time. Although side- 

notched bifaces do show some morphological variation throughout the mid-Holocene (specifically 

changes to the degree of artifact standardization), side-notched bifaces were likely used in a similar way 

from 6,000-1,000 cal years BP.

Table 5.18. Temporal Dart-Arrow Index

Cal Years BP N Average Maximum
Thickness (mm)

Category

6,000-5,000 4 7.57 Dart
5,000-4,000 12 5.81 Dart
4,000-3,000 16 6.31 Dart
3,000-2,000 15 6.85 Dart
2,000-1,000 12 5.83 Dart
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5.4 Results: Intrasite Variation

Finally, variation among side-notched bifaces was examined at a single site, the Ratekin site 

(HEA-187). To explore the nature and extent of morphological variation among side-notched bifaces at 

the Ratekin site, morphological variability is explored using metric data and raw material type. Functional 

variation is examined through breakage patterns, macroscopic use-wear present on the distal end, and the 

Dart-Arrow Index. Results from the Ratekin site sample are compared to the larger, intersite sample and 

samples from the Boreal/Alaska Range Transition/Alaska Range regions, as these are the regions in 

which the site resides.

5.4.1 Metric Data

The Ratekin site sample follows a similar distribution among metric data as the larger, intersite 

sample of side-notched bifaces (Table 5.19). Blade asymmetry and ear height have slightly higher median 

values, while the remainder of measures have similar or slightly lower median values, compared to the 

total sample.

Table 5.19. Ratekin site metric data

N Range Minimum Maximum Mean Median Std.
Deviation

CV

Total Length 
(mm)

22 36.50 28.70 65.20 38.55 37.00 9.17 24.78

Blade Length 
(mm)

21 25.5 12.90 72.40 28.28 25.50 13.46 47.59

Blade: Total 
Length Ratio 

(%)

21 44.30 40.82 85.12 67.48 67.58 10.42 15.44

Maximum 
Width (mm)

19 11.78 16.50 28.28 21.83 21.50 2.10 9.61

Weight (g) 38 19.37 1.65 21.02 5.74 5.15 3.48 60.62
Thickness at Tip 

(mm)
17 1.50 1.20 2.70 1.98 1.90 0.43 21.71

Thickness at 
Shoulders (mm)

31 5.50 2.90 8.40 5.97 6.00 1.05 17.58

Thickness at 
Neck (mm)

32 4.10 2.60 6.70 4.85 4.88 0.99 20.41

Thickness at 
Ears (mm)

28 2.90 2.00 4.90 3.37 3.40 0.71 21.06

Ear Height 
(mm)

28 3.40 3.90 7.30 5.58 5.58 0.78 13.97

Blade
Asymmetry (%)

21 16.91 0.27 17.18 5.33 4.86 5.15 96.62
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Each shape variable in the Ratekin sample has a larger CV value than the larger, intersite sample. 

Blade length, weight, and ear height have much larger CV values in the Ratekin site sample, than the 

larger, intersite sample. A larger CV is reflective of a larger standard deviation, and generally represents 

less standardization (Wadley and Mohapi 2008). This suggests that less standardization among the side- 

notched bifaces present at the Ratekin site. Some studies have suggested that greater artifact variation is 

expected is smaller, more isolated samples (Eerkens and Bettnger 2001; Eerkens et al. 2014) and this is 

explored further in Chapter 6.

Figure 5.14 compares size characteristics, length vs. width, between the intersite sample and the 

Ratekin site sample. The Ratekin sample is clustered, showing smaller widths and smaller lengths, than 

the intersite sample. As expected, this is similar to the distribution shown in the length vs. width 

scatterplots for Boreal region (refer back to Figure 5.8) and these results further support regional variation 

in tool morphology, specifically between Polar and Boreal regions.

Figure 5.14. Ratekin site length vs. width (mm) scatterplot

5.4.2 Raw Material

The raw material frequencies at the Ratekin site show a greater frequency of bifaces made from 

basalt (44%) and a slightly smaller frequency of bifaces made from chert (42%), than the larger, intersite 

sample (Figure 5.15). These results support my expectation, that the sample of side-notched bifaces found 
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at the Ratekin site would have similar raw material frequencies as the Intermontane Boreal and Alaska

Range regions, which has a high frequency of basalt and a lower frequency of chert (Figure 5.16).

Figure 5.15. Ratekin site raw material type

Figure 5.16. Alaska Range region raw material type
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The Ratekin site sample (N=45) makes up 53% of the Alaska Range regional sample and may 

heavily influence the results. The Ratekin site sample has a greater frequency of chert side-notched 

bifaces than other sites included in the Alaska Range sample (including the Fog Creek site, the Jay Creek 

Mineral Lick, the Borrow C Site, etc.), which influences the frequency of chert in Alaska Range sample. 

These other sites in the region have high frequencies of side-notched bifaces made from basalt, and these 

results support regional raw material differences. The increased number of basalt side-notched bifaces is 

likely due to raw material availability in the Alaska Range region, specifically the lack of abundant high 

quality chert found in northern regions of Alaska.

5.4.3 Breakage Patterns

The Ratekin site sample has 48.9% (N=22) complete bifaces and 51.1% (N=23) bifaces with 

damage (Table 5.20). Breakage patterns are similar to that of the larger sample of side-notched bifaces, 

though the Ratekin site sample has a slightly higher frequency of complete bifaces. The results show 

similar patterns of breakage for the Ratekin site and the Alaska Range Transition/Alaska Range regions as 

well.

Table 5.20. Ratekin site breakage patterns

Ratekin Site Sample
Breakage Location 

(N=45)
Frequency (N) % of Sample

Landmark 1 12 26.67
Landmarks 2-3 2 4.44
Landmarks 4-5 3 6.67
Landmarks 4-6 1 2.22
Landmarks 5-7 2 4.44

Landmark 6 1 2.22
Landmarks 6-7 1 2.22
Landmarks 6-8 1 2.22

Complete (no breaks) 22 48.89
Total 45 100

Breakage Type (N=45)
Transverse/Lateral 20 44.44

Longitudinal 3 6.67
Complete (no breaks) 22 48.89

Total 45 100

84



5.4.4 Macroscopic Wear Patterns on the Distal End

Overall, the side-notched bifaces found at the Ratekin site have similar macroscopic wear patterns 

on the distal end, when compared to the larger, intersite sample (Table 5.21). The Ratekin site sample 

(46.7%) has a slightly higher frequency of bifaces with modification/damage present on the distal ends 

than the intersite sample (40.7%). The Ratekin site sample show similar results when compared to the 

patterns on the distal end of the samples found in the Alaska Range.

Table 5.21. Ratekin site macroscopic wear patterns on the distal end

Type (N=45) Frequency (N) % of Sample
Complete (at tip∕L1) 11 24.4

Modification/Damage 
Present

21 46.7

Missing 13 28.9
Total 45 100

5.4.5 Dart-Arrow Index

The average maximum thickness for the side-notched bifaces in the Ratekin site sample is 5.9 

mm, indicating production for use as a dart. While the average maximum thickness for the Ratekin site 

sample is lower than the average maximum thickness for the larger, intersite sample (6.27 mm), it is 

similar to the maximum thickness value of bifaces found in the Alaska Range Transition (5.99 mm) and 

Alaska Range (6 mm) regions, reflecting regional patterns of variability. As stated previously, these 

patterns are likely related to raw material variability for production of side-notched bifaces and raw 

material availability in different regions of Alaska. Overall, side-notched bifaces found at the Ratekin site 

do not show significant functional variation, apart from the larger, intersite sample and samples found in 

the Alaska Range region.
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Chapter 6 Discussion

This study examines the variability among side-notched bifaces found at Northern Archaic sites, 

within the context of previous studies examining Northern Archaic material culture. An approach is taken 

to examine many different avenues of variability at a broad level and explore multiple mechanisms for 

variability among the tools. This study aims to identify the likeliest sources of variation and build a 

foundation for future studies. Understanding morphological and functional variation of side-notched 

bifaces provides new insights into lithic variability and opens a discussion about the broader implications 

of this variation on Northern Archaic subsistence practices.

Section 6.1 revisits the research questions and expectations stated in Chapter 1. This section 

focuses on the results presented in Chapter 5, with a discussion pertaining to the specific questions and 

expectations. Section 6.2 explores several methodological topics presented in previous chapters, relating 

to the results of this study, and contributing to an understanding of the role of side-notched bifaces during 

the Northern Archaic period. Section 6.3 discusses further research that could be done on side-notched 

bifaces from Northern Archaic sites, with a focus on future experimental and use-wear studies. Finally, 

section 6.4 provides a brief conclusion of this study.

6.1 Research Questions and Expectations Revisited

6.1.1 Intersite Variation

1. What is the nature and extent of morphological variation among side-notched bifaces found at 

Northern Archaic archaeological sites?

Based on previous studies and the expectations of this study, side-notched bifaces at Northern 

Archaic sites were thought to be a single, generally morphologically homogeneous artifact type. Side- 

notched bifaces are generally characterized by their overall asymmetry, unstandardized bifacial flake 

pattern, excurvate lateral margins, side to corner notching, and straight to concave bases (Rasic and 

Slobodina 2008). As described in Chapter 4, morphological variation on the distal end of the tool is likely 

related to tool function, while the morphology of the proximal portion of the tool can relate to both 

functional and stylistic attributes.

Morphological variation among side-notched bifaces in Northern Archaic assemblages was 

examined through metric data, differences in metric data based on raw material type, and a geometric 

morphometric analysis. Examination of metric data showed that the distal and medial portions of side- 
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notched bifaces, specifically on the tool blade, show the most variation. In contrast, the proximal end and 

base of the bifaces show the least amount of variation.

Several metric data show bimodal distributions, or two central tendencies. Bimodal distributions, 

particularly those which are based on large aggregates (such as metric data from large sample sizes) can 

represent different artifact types (Read 2007). Bimodality has most commonly been used to assign 

artifacts into subgroups using size characteristics, such as length, width, weight (Baxter and Cool 2010; 

Rick 1976). However, bimodal distributions can be produced for a number of reasons and for artifact 

classification requires additional data (Baxter and Cool 2010). In this study, the majority of the 

measurements which show bimodal distributions relate to the overall length and the distal end of the tool. 

Length vs. width was plotted for the sample of side-notched bifaces to further examine patterns among 

size characteristics. Given the bimodal distributions, it was expected that there would be distinct 

clustering in the length vs. width scatterplot; however, no distinct clusters appear. This suggests that these 

bimodal distributions likely do not relate to the presence of distinct morphological types.

The most common toolstones used for manufacture of the side-notched bifaces in the analyzed 

sample were chert and basalt (refer to Figure 5.3). Both materials were frequently used for stone tool 

manufacture and optimal for use as hunting weapons. Both materials hold an edge well and have similar 

hardnesses (5.5-7) on the Moh's Hardness Scale (Kendall and MacDonald 2015). Raw material type can 

have a significant influence on the overall morphology of a lithic tool; therefore, variations in metric data 

were examined across all of the raw material types. Side-notched bifaces made from basalt have greater 

lengths and are overall thinner than bifaces made from other raw material types. Side-notched bifaces 

made from chert have greater maximum widths and are generally thicker than bifaces made from other 

raw material types. The results of this study show that raw material type has an influence on the 

morphology of side-notched bifaces found at Northern Archaic sites, specifically the overall thickness and 

size (length vs. width) of the tool.

Geometric morphometric analyses support results of the metric data, demonstrating that 

Landmarks 1, 2, and 3 show the most morphological variation among samples. These landmarks are 

located on the distal end (tip) and shoulders of the tool, showing that the portion related to the blade of the 

tool are most varied in the large sample of side-notched bifaces examined. Similar to the metric data 

results, the base of the tool (Landmark 8) shows the least amount of variation.

Many of the metric attributes measured in this study are considered functional properties, not 

stylistic, and fall into two groups: characteristics constrained by hafting requirements, and characteristics 

constrained by penetration/projectile requirements (Knecht 1997). Functional attributes constrained by 
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penetration requirements are influenced by the material they are piercing/slicing through (e.g. rawhide or 

skin) and the force required by penetration method (e.g. atlatl, spear, knife handle). These attributes are 

less likely to be subject to stylistic pressures (such as distinguishing tools from different groups, or 

maker's marks). Functional attributes constrained by hafting requirements would be dependent on the 

organic material and structure of the foreshaft, as well as the method of adhering the tool to the foreshaft 

(i.e. method of slotting and tying the tool to the foreshaft). These are even more difficult to segregate and 

define, as organic artifacts are often not found in mid-Holocene archaeological deposits. However, these 

variables are likely to be subject to stylistic variation, if practiced (White 2013). The results of this study 

show that functional attributes relating to penetration/projectile requirements (the tip and blade of the 

tool) present the most variation among side-notched bifaces found at Northern Archaic sites. These results 

suggest that morphological variation among side-notched bifaces is likely not related to stylistic variation.

This study demonstrates that there is significant morphological variability among side-notched 

bifaces from Northern Archaic sites. Morphological variability is greatest in the distal and medial portions 

and less variable at the proximal end and base of the tool. Supporting the results of a previous study 

(Esdale 2009), raw material type appears to have an influence on morphology of side-notched bifaces, 

specifically overall thickness and size.

2. What are the types and locations of breakage patterns, and macroscopic wear patterns on the 

distal end of the tools? What inferences about the function of the sampled bifaces can be made by 

these breakage patterns? Do side-notched bifaces represent a single functional class of artifacts or 

can multiple classes be identified?

The nature and extent of functional variation among tools can be speak to how the tool was used 

(Dockall 1997) and to important aspects of subsistence practices (Ahler 1971; Driskell 1986; Iovita et al. 

2014). Side-notched bifaces may have had multiple functions, including use as a projectile point (dart or 

arrow) and knife (Ackerman 2008; Anderson 1972; Rasic and Slobodina 2008). Functional variability 

among side-notched bifaces was evaluated through breakage patterns, macroscopic wear patterns present 

on the distal end, and placement in a Dart-Arrow Index.

The most frequent types of breakage observed on side-notched bifaces were transverse/lateral 

breaks on the distal end (tip; Landmark 1), at the shoulders (Landmarks 2-3), and the neck (Landmarks 4

5; refer to Table 5.4). Based on the literature reviewed for this study, breakage at these locations is 

commonly related to impact with a heavy object on a localized surface area at the tip (Landmark 1) and 

the result of impact forces at the on location of hafting on the tool (at the shoulders and neck; Sedig 2010; 

Shea et al. 2002). The resulting transverse/lateral breaks are commonly seen as complete breaks in which 
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the tool can be modified to use again or discarded. Ethnographic evidence suggests that bifaces may be 

manufactured with the intent to break upon impact, either to aid in the quick reslotting and hafting of a 

new tool, or to allow for a portion of the tool to break off inside the animal and maximize damage to 

internal organs (Ellis 1997).

Longitudinal breaks are common and relate to impact and use as high speed projectiles (Dockall 

1997; Hunzicker 2008; Shea 1988; Towner and Warburton 1990; Weitzel et al. 2014). In this study, 

longitudinal breaks account for less than ten percent of the sample (refer to Table 5.4) and are more 

commonly located at the distal end of the tool. Longitudinal breaks are not as frequent as 

transverse/lateral breaks within the intersite sample of side-notched bifaces; however, this may be the 

result from excluding macrofractures and flake scars in this study. Including other types of fracture 

analyses and microscopic analyses may increase the frequency of longitudinal breakage/fracture patterns.

The majority of the tools in this sample (N=156) had incomplete distal ends, due to modification 

or damage (identified by macroscopic flaking, grinding, or rounding) on the distal end (tip; Landmark 1), 

or had a break farther along the tool so that the distal end (tip; Landmark 1) was completely missing (refer 

to Table 5.6). Both categories had relatively equal frequencies; this may suggest that tools with the distal 

end modified/damaged were discarded as frequently as tools which were broken (though the cause of 

modification/damage is not known). When examined by raw material types, the results show that different 

materials did not produce different wear patterns (at least macroscopically visible ones) on the distal end, 

from use or modification.

This study demonstrates that the breakage locations and types of damage present on side-notched 

bifaces found at Northern Archaic sites are consistent with use as a projectile point. A majority of the 

side-notched bifaces had incomplete distal ends, with either patterns of modification/damage present or 

missing distal ends (due to breaks); this is consistent with wear patterns related to impact. These results of 

this study suggest the side-notched bifaces were consistently used as a dart (projectile point), regardless of 

raw material type; despite side-notched bifaces made from basalt being overall thinner than bifaces made 

from other raw material types.

The results suggest that side-notched bifaces were produced to be used as a dart (projectile point). 

This supports expectations based on Rasic and Slobodina (2008)'s study placing side-notched bifaces 

within Shott's (1997) Dart-Arrow Index. Their study showed a sample of side-notched bifaces from 

Northern Archaic occupations in northern Alaska falling into the “dart” category, indicating use as a dart 

(projectile point). This study differed by examining a larger sample size from Northern Archaic sites in 

both northern and central Alaska, at several different spatial and temporal scales, well as using a different 
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metric for the Dart-Arrow Index. Despite these differences, the results of this study placed side-notched 

bifaces into the “dart” category and support the conclusions reached by Rasic and Slobodina. However, 

this study was not able to fully evaluate primary or secondary use as a knife. It is possible that the bifaces 

with longitudinal breaks and longitudinal damage were used as knives at some point in their use-lives; 

however, this is not able to be further explored without a microscopic use-wear study (Jennings 2013; 

Lafayette and Smith 2012). Bimodal distributions among metric data examining morphological variation, 

specifically blade asymmetry, may reflect that some tools were used as knives; however, future 

microscopic use-wear studies are needed to provide additional evidence (Jennings 2013; Lafayette and 

Smith 2012).

6.1.2 Ecological and Regional Variation

1. Are there morphological differences among bifaces found in different regions of Alaska? What 

inferences about the shape and morphology of the sampled bifaces can be made? Is there 

evidence for regionalization of side-notched bifaces?

As described in Ch.1 and Ch.2, some have hypothesized that there are regional varieties of side- 

notched bifaces associated with the Northern Archaic, based on evidence from sites in northern Alaska 

(Anderson 1972; Campbell 1961) and southwestern Alaska (Ackerman 2004, 2008). Regional varieties 

are described as differing in asymmetry, size of ears, and relative length and width (Esdale 2009). To 

evaluate variability among side-notched bifaces found at Northern Archaic sites in different ecological 

regions of Alaska, both morphological and functional variation were examined at three levels of regional 

divisions based on Nowacki et al. 2001. These levels of division began broad and became narrower with 

each division: level 1 divided the state in two regions, level 2 divided the state into three regions, and 

level 3 divided the state into eleven regions. Patterns and trends in variability were most visible in the first 

two levels of division; this in part reflects the small samples sizes in level 3. Morphological variability 

was examined through differences in metric data and raw material type used for production.

Significant morphological variation was found among side-notched bifaces from different 

regions, specifically between northern/Arctic and boreal/Subarctic regions. Ear height, maximum width, 

and overall thickness increased, while length decreased, in samples from northern/Arctic sites. 

Morphological variation among regional samples may be influenced or directly related to raw material 

type used for production, as majority of the of side-notched bifaces found at sites in the northern/Arctic 

regions were made from chert (refer to Figures 5.10 and 5.11). The frequency of side-notched bifaces 

made from chert decreases as one moves south, whereas the frequency of bifaces made from basalt 
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increases. Recalling the results of the larger, intersite sample, side-notched bifaces made from chert were 

overall thicker and wider than basalt bifaces. This is likely related to raw material availability in 

northern/Arctic vs. boreal/Subarctic regions. Chert is an abundant and widely available in the Brooks 

Range and foothills (Esdale 2009; Mull 1995) and is generally regarded as high quality toolstone.

This study demonstrates significant morphological variability among side-notched bifaces found 

at Northern Archaic sites in different regions on Alaska, specifically differences in overall thickness and 

size (length vs. width). In addition, the type of raw material used to make these bifaces shows clear 

patterning of use and availability across regions and correlates with patterns of morphological variation. 

This suggests that raw material availability likely played a significant role in the morphology of side- 

notched bifaces. This supports the expectation that there is significant regional variation among side- 

notched bifaces, though it is may be more likely related to raw material differences than cultural-historical 

differences, which are much more difficult to identify.

2. Is there regional patterning in the types and locations of breakage patterns, or in macroscopic 

wear patterns on the tips of the bifaces? Could there be regional types of side-notched bifaces, 

based on function?

How or if regionalization affected the functionality of side-notched bifaces is unknown. 

Functional variability was examined through breakage patterns, macroscopic wear patterns present on the 

distal end, and a placement in Dart-Arrow Index. Functional variability was examined among regional 

levels in the same manner as morphological variation.

Overall, there was little functional variability among side-notched bifaces across ecological 

regions, in all three levels of division. Breakage patterns and macroscopic wear patterns on the distal end 

show that a slightly smaller frequency of complete side-notched bifaces were found in northern/Arctic 

regions compared to Subarctic and boreal regions. This may indicate more use prior to any damage, and 

reworking episodes before the discard of side-notched bifaces in northern/Arctic regions. Results of the 

Dart-Arrow Index show a decrease in thickness among side-notched bifaces in Subarctic and boreal 

regions, which is likely related to raw material type used for production (basalt) and raw material 

availability, not differences in function. Despite a decrease in thickness in some regions, side-notched 

bifaces in most regions have maximum thickness values which indicate production for use as a dart.

This study demonstrates that while there appears to be some regionalization among side-notched 

bifaces based on morphological variation, there is little functional variation. Side-notched bifaces were 

likely used in similar ways throughout Alaska, and were likely consistently used as a dart (projectile 

point), not as an arrow.
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6.1.3 Temporal Variation

1. Are there morphological differences among bifaces throughout the mid-Holocene? How do these 

changes in time relate to the intersite sample of side-notched bifaces? Is there standardization 

among side-notched bifaces throughout the mid-Holocene? Are there periods of relatively higher 

or relatively lower standardization?

Based on studies showing the distribution of mid-Holocene sites in northern and central Alaska, 

6,000-1,000 cal years BP encompasses the majority of the temporal extent of the Northern Archaic in 

these regions. Variation over time may reflect changes in behavior or modifications and shifts in 

technology (Fitzhugh 2001). In northern Alaska, morphological variation has been suggested to be 

stylistic and relate to cultural-historical shifts over time (Anderson 1988). However, recent studies show a 

lack of evidence for temporal variation (Esdale 2009). To examine the potential for changes in 

morphology over time, side-notched bifaces with associated radiocarbon dates were separated in groups 

(1,000 year intervals), and changes in metric data and standardization among samples were analyzed.

The sample of side-notched bifaces with associated radiocarbon dates shows morphological 

variation throughout the mid-Holocene, when viewed across 1,000 year intervals (Appendix E). Boxplots 

of metric data show a lower degree of variation among samples with dates between 5,000-2,000 cal years 

BP. Ear height remains the most consistent over time. In addition, the average maximum width (shoulder 

width) of side-notched bifaces shows a steady increase over time (refer to Figure 5.12). However, the 

total length of side-notches bifaces noticeably decreases among samples with dates between 3,000-2,000 

cal years BP. These samples show higher widths and varying lengths when compared to rest of samples 

(refer to Figure 5.13).

Several measurements show standardization throughout the mid-Holocene, including blade:total 

length, maximum width, and thickness at the shoulders (Landmarks 2-3). Thickness at the neck 

(Landmarks 4-5), thickness at the ears (Landmarks 6-7), and total length suggest standardization for 

majority of the mid-Holocene, among samples with associated dates between 6,000-2,000 cal years BP.

The metrics which show the most variability, and little to no standardization, are weight and 

blade asymmetry. The results of this study demonstrate that blade asymmetry in side-notched bifaces is 

extremely variable. Blade asymmetry may reflect multiple rejuvenation episodes after damage and breaks, 

or ad hoc/secondary use as a knife (the latter cannot be fully evaluated without an additional microscopic 

wear study).
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Seven out of eleven of the recorded metric variables have CV values that appear to steadily 

increase from 6,000-3,000 cal years BP, decrease between 3,000-2,000 cal years BP, and increase once 

more 2,000-1,000 cal years BP. Lower CV values indicate greater amounts of standardization (Eerkens 

and Bettinger 2001; Wadley and Mohapi 2008), and higher values indicate extreme variation (Eerkens 

and Bettinger 2001). The results suggest that side-notched bifaces found in Northern Archaic components 

dated to 3,000-2,000 cal years BP show more standardization than earlier and later dates (refer to Table 

5.15).

This study demonstrates that side-notched bifaces from Northern Archaic sites do show 

morphological variation over time; however, most of the variation relates to the medial and distal portions 

of the tool, likely not reflecting stylistic variation. Samples with associated radiocarbon dates reflect 

standardization (little variability) in metric data of length, width, and thickness, and extreme variability 

among weight and blade asymmetry. When viewed throughout the mid-Holocene, side-notched bifaces 

show a period of increased standardization between 3,000-2,000 cal years BP.

2. Are there changes in breakage and wear patterns on side-notched bifaces throughout the mid

Holocene? What inferences can be made about changes in use and functionality during the mid

Holocene?

Based on previous studies (Anderson 1988; Esdale 2009), I expected to see little functional 

variation among side-notched bifaces over time. To examine the potential for changes in functional 

variation over time, side-notched bifaces with associated radiocarbon dates were separated in groups 

(1,000 year intervals), and evaluated based on breakage patterns, macroscopic wear patterns present on 

the distal end, and a placement in a Dart-Arrow Index.

Overall, breakage and wear patterns do not appear differ significantly for majority of the mid

Holocene (refer to Tables 5.16 and 5.17); with the exception of samples with associated dates from 5,000

4,000 cal years BP, which have a slightly higher percentage of tools with modification/damage on the 

distal end (tip), but no breaks. This may be the result of a small sample size (n=11) for the 5,000-4,000 

year interval or represent differential treatment/use. These patterns do not continue for the remainder of 

the mid-Holocene.

The use of the Dart-Arrow Index indicated that side-notched bifaces were consistently produced 

to be used as darts throughout the mid-Holocene (refer to Table 5.18). This supports the expectations 

based on previous studies, specifically the dart-arrow comparison by Rasic and Slobodina (2008). The 
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metric used for the Dart-Arrow Index in this study, average maximum thickness, does fluctuate 

throughout the mid-Holocene. Due to the relative consistency in other aspects of functional variation over 

time (breakage and macroscopic wear patterns), changes in average maximum thickness likely relates to 

morphological variation throughout the mid-Holocene. As shown in Figure E.5 (Appendix E), average 

maximum thickness (thickness at shoulders) increases slightly between 4,000-2,000 cal years BP. These 

patterns correlate with the time periods of increased morphological standardization among side-notched 

bifaces with associated dates between 3,000-2,000 cal years BP.

This study demonstrates that side-notched bifaces were broken, and possibly used, in similar 

ways during the mid-Holocene, despite the presence of morphological variation and increased artifact 

standardization between 3,000-2,000 cal years BP. This study shows that side-notched bifaces were likely 

produced to be used as darts (projectile points), not arrows, throughout the mid-Holocene.

6.1.4 Intrasite Variation

1. Are there morphological differences within the sample of side-notched bifaces from the Ratekin 

site (HEA-187)? What inferences about the morphology of the sampled bifaces can be made? 

How does the morphology of side-notched bifaces at the Ratekin site compare to the larger 

sample from multiple sites?

The Ratekin sample represents an opportunity to examine variation in side-notched biface 

production at a single site. Side-notched bifaces from the Ratekin site were expected to show similar 

patterns to the intersite sample but may show a slightly smaller range of variation due to its smaller 

sample size. In addition, the Ratekin site sample was expected to exhibit similar patterns to other 

samples found in Boreal, Alaska Range Transition, and Alaska Range regions. Morphological variation 

among side-notched bifaces from the Ratekin site was examined through metric data and raw material 

type, then compared to results from the intersite sample and Boreal, Alaska Range Transition, and 

Alaska Range regional samples.

The Ratekin site sample shows similar distributions among metric data, when compared to the 

larger, intersite sample (refer to Table 5.19), with the exception of slightly increased values for ear height 

and blade asymmetry. These values fall within the normal range of variation within biface morphology, 

though it is possible that the higher median value of ear height could be the result of regional variation. 

Supporting regional variation, the length vs. width scatterplot (Figure 5.14) shows that samples from the 
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Ratekin site have overall smaller widths, similarly to other samples from the Boreal, Alaska Range 

Transition, and Alaska Range regions (Figures 5.8, 5.9, and D.1).

The raw material frequencies for the Ratekin site sample show a greater frequency of bifaces 

made from basalt (44%) and a slightly smaller frequency of bifaces made from chert (42%), when 

compared to the larger, intersite sample (refer to Figure 5.15). These results support my expectation, that 

the sample of side-notched bifaces found at the Ratekin site would have similar raw material frequencies 

as the Alaska Range region, which has a high frequency of basalt and a low frequency of chert samples 

(refer to Figure 5.16). This may indicate different raw material utilization at the Ratekin site, or indicate a 

lack of access to high quality chert sources. The morphological variation found in the Ratekin sample 

likely relates to the greater frequency of side-notched bifaces made from basalt at the site, as bifaces made 

from basalt were found to be narrower and thinner than other raw material type (as demonstrated in the 

intersite results).

2. What are the types and locations of breakage patterns, and macroscopic wear patterns on the 

distal end of the tools? What inferences about the function of the sampled bifaces can be made by 

these breakage patterns? Do breakage and wear patterns present on side-notched bifaces at the 

Ratekin site differ from the larger, intersite sample?

Functional variation among side-notched bifaces in the Ratekin site sample was evaluated 

through breakage patterns, macroscopic wear patterns present on the distal end, and a placement in a 

Dart-Arrow Index. Overall, the samples from the Ratekin site showed similar breakage and distal end 

patterns as the intersite and regional samples. The Ratekin site had a slightly higher frequency of 

complete bifaces (with no breaks) which exhibit modification/damage on the distal end (tip). It is possible 

this may relate to differences in raw material type used for production. As just discussed, the Ratekin site 

has a higher frequency of side-notched bifaces made from basalt than the intersite sample, and several 

studies show that basalt is exceedingly durable (Adams 2018; Loendorf et al. 2018) and may break less 

frequently than tools made from chert. This is further discussed later in this chapter.

The average maximum thickness for side-notched bifaces in the Ratekin sites sample was 

significantly lower than the average maximum thickness for the intersite sample, though both values still 

indicated production for use as a dart. However, the average maximum thickness was similar to side- 

notched bifaces made from basalt in the intersite sample (refer to Table 5.8). The results from this study 

show that basalt side-notched bifaces are overall thinner than side-notched bifaces made from other raw 
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materials. Based on the Dart-Arrow Index, the side-notched bifaces at the Ratekin site were likely 

produced to be used as darts and are thinner due to use of basalt as a raw material. The breakage patterns 

and distal end patterns on the side-notched bifaces from the Ratekin site are consistent with use as a 

projectile point. These results match the expectations of variation among side-notched bifaces found at 

the Ratekin site.

6.1.5 Risk Management Strategies and the Northern Archaic

1. Are there changes in the degree of standardization among side-notched bifaces throughout the mid

Holocene (6,000-1,000 cal years BP)? Does this support inferences of risk management strategies 

employed by the Northern Archaic? What can the technological implications of using risk 

management strategies say about Northern Archaic behavior throughout the mid-Holocene?

a. Expectation #1: Regionally unpredictable and marginalized resources or increased 

population dynamics and competition, could result in decreased rates of standardization 

and increased rates of variability. This reflects greater modification, invention and 

innovation and would be consistent with adoption of what are known as risk-prone 

strategies.

b. Expectation #2: A number of aspects of the Northern Archaic archaeological record 

suggest the use of risk-averse strategies, including communal hunting, subsistence 

diversification, and high residential mobility. Technological implications of a risk-averse 

strategy would be increased rates of standardization and decreased rates of variability.

In this study, the results show an increase in standardization among side-notched bifaces between 

3,000-2,000 cal years BP, which may reflect a shift to utilizing risk-averse strategies. Other possible risk- 

averse strategies employed by the Northern Archaic include communal hunting, widening of the diet 

breadth (subsistence diversification), and high residential mobility. If Northern Archaic groups were 

employing risk-averse strategies, reflective of communal hunting, subsistence diversification, and high 

residential mobility, it is expected that the technological implications would be increased rates of 

standardization and decreased rates of variability, reflecting standardization. While communal hunting 

and high residential mobility do reflect risk-averse strategies, only subsistence diversification is supported 

by results of artifact standardization. The timing of increased standardization among side-notched bifaces 

coincides with evidence of subsistence diversification and increased small game procurement after 4,000 
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cal years BP (Potter 2008b, c), and a shift to increased exploitation of small game is found at the DRO 

site in central Alaska (Potter et al. 2018). Increased standardization among side-notched bifaces ends 

2,000-1,000 cal years BP, returning to similar rates of variability as the early mid-Holocene (around 

6,000-4,000 cal years BP).

As discussed in Chapter 3, greater modification, invention, and innovation of tools can happen in 

response to risk and can reflect both risk-averse and risk-prone strategies, but is more often associated 

with risk-prone behavior (Fitzhugh 2001; Winterhalder et al. 1999). During times of stress and increased 

unpredictability in resource availability in peripheral and marginalized environments, past groups may 

have been more likely to introduce higher rates of modification and variance into their technology 

(Fitzhugh 2001). Deposition of the Devil Tephra between 1,825-1,625 cal years BP in the middle Susitna 

River Valley (Mulliken 2016) and may have limited resource availability in the area and caused groups to 

alter land use patterns to include peripheral areas with marginal resources. This time period of ash 

deposition coincides with a period of decreased standardization and increased variability among side- 

notched bifaces during the late mid-Holocene (approximately 2,000-1,000 cal years BP), and may be the 

reflection of a risk-prone strategy. In addition, if Northern Archaic groups were pushed to alter their land 

use strategies and expand their hunting range into peripheral habitats, this might have increased 

interactions with other groups.

Based on site and component distribution, studies show a steady population increase in central 

Alaska between 2,000-1,000 cal years BP (Potter 2008a). Risk-prone strategies may have been utilized in 

response to an increase in resource competition, within or among Northern Archaic groups in central 

Alaska; especially if land use strategies needed to be altered or expanded due to the impacts of ash 

deposition. Studies (Henrich 2006; Shennan 2001) demonstrate that larger populations have a greater 

likelihood of cultural innovation, specifically fitness enhancing technological innovations, being 

maintained, and copying errors during production being lessened (Collard et al. 2013). If Northern 

Archaic groups were employing risk-prone strategies, it is expected that the technological implications 

would be decreased rates of standardization and increased rates of variability, demonstrating greater 

modification, invention and innovation. The results of this study support these inferences, showing 

decreased standardization (increased variability) among side-notched bifaces with associated dates 

between 2,000-1,000 cal years BP.

Models inferring population dynamics in northern Alaska during the mid-Holocene suggest 

population increases around 4,000-3,000 cal years BP, related to increased populations of ASTt in 

northern Alaska (Tremayne and Winterhalder 2017). If risk-prone strategies were utilized in response to 

an increase in resource competition between groups producing material culture associated with the 
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Northern Archaic versus the ASTt, it is expected be reflected in increased innovation, invention, and 

variability among side-notched bifaces. However, the results in this study show increased standardization 

among side-notched bifaces during this period, which is more reflective of risk-averse strategies. Several 

studies demonstrate the spatial and temporal overlap of ASTt and the Northern Archaic in northern 

Alaska (Tremayne and Winterhalder 2017), suggesting the likelihood of cultural convergence between the 

two groups (Keeney 2019). Perhaps, interaction or competition with ASTt in northern Alaska elicited a 

risk-averse strategy, which is a more likely response to subsistence stress caused by resource competition 

(Kelly 1992; Tibbett 2004).

This study demonstrates that inferences of risk-averse and risk-prone strategies can be made 

based on evidence at archaeological sites with Northern Archaic occupations; despite this, a number of 

assumptions needed to be made. Primarily, the assumption that risk management strategies will be 

reflected in lithic technology, specifically among a single tool, such as the side-notched biface. The 

Northern Archaic toolkit includes other hunting tools, such as microblade technology and lanceolate 

projectile points, and the combination of these tools likely mitigated risk for the Northern Archaic (Esdale 

2009; Keeney 2019; Potter 2008b, c; Rasic and Slobodina 2008). It is important to note that increased 

stress may not have a marked impact on invention, modification, or standardization of available tools if 

the tools themselves could be used flexibly, such that people were able to adapt to such changes. In 

addition, the small sample sizes for side-notched bifaces with associated radiocarbon dates made it 

necessary to group samples from different sites and look at broad changes over 1,000 year intervals. This 

limited the ability to examine regional changes over time which might further support inferences of risk 

management strategies specific to regional events (such as expansion of ASTt in northern Alaska or 

repeated ash deposition in the middle Susitna River Valley). Finally, assumptions were made about the 

type of risk management strategies utilized by the Northern Archaic based on previous studies of risk in 

the archaeological record. It is possible that a different risk management strategy was utilized in response 

to stress and unpredictability in the mid-Holocene.

6.2: Teasing Apart the Data

6.2.1 A Reflection on Function and Use

One of the more interesting aspects of this study is the high frequency of broken side-notched 

bifaces found at Northern Archaic sites. Over half (approximately 60%) of the bifaces in the intersite 

sample were broken. This is not uncommon in the archaeological record; lithic projectile points are found 

at varying stages in their use-lives, and are often broken (Zeanah and Elston 2001). Numerous 

experimental studies have demonstrated that high frequencies of broken points (greater than 40% of a 
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sample) are indicative of weapon impacts (Bratlund 1996; Fischer et al. 1984; Hutchings 2016; Villa et al. 

2009). However, making broad assumptions about projectile point use and impact related damages based 

on breakage patterns can be dangerous. Low frequencies of breakage have been shown to occur through 

manufacture, retouch, and trampling activities (Hutchings 2016).

As discussed in Chapter 4, experimental studies show that both transverse/lateral and longitudinal 

breaks are often the result of impact forces. In these experimental studies, the tools are used as projectiles, 

though the delivery method used is varied (Adams 2018; Ahler and McMillan 1976; Barton and Bergman 

1982; Bergman and Newcomer 1983; Frison 1976, 1978; Holdaway 1989; Odell 1988; Roper 1979; Shea 

1988; Woods 1988). It is generally accepted that breaks at either end of the bifaces (at the distal 

end/Landmark 1, or base/Landmark 6-8) can be reworked and possibly rejuvenated for future use, while 

breaks in the medial portion of the tool (around the neck and shoulder, or L2-5) are often seen as a severe 

mechanical failures and rejuvenation is less likely. A majority (50.8% of the entire sample, 85% of tools 

with break types) of the breaks in this study were identified as lateral/transverse breaks, although about 

15% of the breaks (9.5% of the total sample) were described as longitudinal breaks (see results in Table 

5.4).

Transverse/lateral breakage often occurs at the shoulders (Landmarks 2-3; 11.7%) and the neck 

(Landmarks 4-5; 9.4%), which are common hafting locations for projectile points. The breakage patterns 

and location of damage suggest that the break caused absolute mechanical failure of the tool, likely 

resulting in its discard. Numerous ethnographic and experimental studies suggest that some projectile 

points are manufactured to intentionally break upon impact, in order to break off inside the animal and 

cause maximum internal damage (Clark 1977; Clark et al. 1974; Flenniken 1985; Flenniken and 

Raymond 1986; Musil 1988; Titmus and Woods 1986; Towner and Warburton 1990), even though this 

often breaks the point beyond repair (Adams 2018). This may be the case with the side-notched bifaces 

from Northern Archaic sites.

As described in Chapter 4, transverse/lateral breaks have been demonstrated to occur at lower 

speeds (Iovita et al. 2014; Villa et al. 2009), while the frequency of longitudinal breaks increases with 

impact speed (Iovita et al. 2014). As shown in this study, side-notched bifaces from Northern Archaic 

sites have a much higher frequency of transverse/lateral breaks than longitudinal breaks, which reflect 

lower speed at impact. Previous studies have suggested that side-notched bifaces functioned as armed 

darts, while another bifacial tool found at Northern Archaic sites, lanceolate bifaces (projectile point) 

were used as thrusting spears (Rasic and Slobodina 2008). Keeney (2019) suggests that bifacially-tipped 

projectiles found at Northern Archaic sites would be more effective as medium-range weapons. Several 

scholars have proposed that assemblage variability, specifically the assemblages which contain both side- 
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notched and lanceolate bifaces, may be reflective of hunting strategies and resource source availability 

(Esdale 2009; Keeney 2019; Potter 2008c; Rasic and Slobodina 2008). This study demonstrates that the 

morphology and functionality of side-notched bifaces is consistent with use as dart, which indicates use as 

a projectile. Lanceolate bifaces and the broader Northern Archaic toolkit were not examined in this study; 

and so I could not compare these with side-notched bifaces, in order to evaluate how they may have been 

used and functioned differently at Northern Archaic sites.

When collecting breakage pattern data, varying degrees of modification/damage were observed 

on the distal end (tip) of the bifaces. Odell and Cowan (1986) state that retouched tools (specifically on 

the tip) penetrated hides better and were less frequently broken upon impact. They also found that every 

projectile point in their experimental study exhibited tip damage when they retired them from the system, 

though basal damage was not observed on a majority of the points. These patterns are very similar to the 

breakage patterns found on the side-notched bifaces found at Northern Archaic sites, though some side- 

notched bifaces appear to have complete distal ends (approximately 25% of the sample). It is possible that 

this is due to functional differences; or it could be that microscopic use-wear is present, indicating further 

use before discard.

It has been suggested that side-notched bifaces were used as knives as well as projectile points 

(Giddings and Anderson 1986; Rasic and Slobodina 2008). Literature examining the different breakage 

patterns between projectile points and bifacial knives (hafted) is limited, and this may be because many 

researchers utilize a tool class called “projectile point knives” or “PPK” (Bradbury 1994; Chavez et al. 

1990; Hofman 1984; Pugh 2001; Toll 1978; Tuttle et al. 2019). The few studies that discuss wear patterns 

for knives are mostly restricted to microscopic use-wear, such as medium to heavy surface- and edge

dulling (Lafayette and Smith 2012). However in experimental studies such as that conducted by Lafayette 

and Smith (2012), use of hafted bifacial knives produced no breakage patterns, unlike bifacial projectile 

points subjected to impact. While some side-notched bifaces in this study did not have breakage patterns, 

the functional variation examined does not support use as a knife. This may reflect the scope of study, as 

microscope use-wear attributes are most indicative of use as a knife (as seen in Lafayette and Smith 2012) 

and these were not evaluated.

Given the small degree of blade asymmetry present in the sample, this study suggests that side- 

notched bifaces may have been occasionally used as knives, but they were likely not manufactured (as a 

whole tool class) for use as a knife. Scatterplots depicting size (length vs. width) show no distinct 

clustering indicating that, as a whole population, side-notched bifaces were likely not being manufactured 

separately for use as a projectile point or knife. These results lead to the conclusion that use of side- 

notched bifaces as a knife was less common, and perhaps a secondary function, when the need arose. If 
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side-notched bifaces were more commonly used as knives in a secondary or ad-hoc manner, data 

reflecting such use may not show up in aggregate analyses (such as this study).

Finally, there were few differences in functional variation across the spatial and temporal scales 

examined in this study. Even with the limitations of this study, these patterns suggest that general uses of 

the side-notched biface did not change for the Northern Archaic in northern and central Alaska, or 

throughout the mid-Holocene. Side-notched bifaces found at Northern Archaic sites reflect patterns of 

spatially and temporally consistent use as projectile point technology, specifically as darts.

6.2.2 Raw Material as a Source of Variation

As discussed previously, raw material type likely influenced regional morphological variation 

among side-notched bifaces, specifically differences between northern/Arctic and boreal/Subarctic 

regions. The most significant morphological differences were shown between side-notched bifaces made 

from chert and basalt. Was this likely due to raw material availability between regions, or was one raw 

material type preferentially chosen due to other characteristics? In 2009, Esdale suggested that raw 

material availability and cobble/blank sizes likely influenced the morphology of side-notched bifaces at 

Northern Archaic sites in the Brooks Range. In a recent study, Lawler (2019) shows a correlation between 

small sized nodules of local chert and production of formal bifacial tools at a Northern Archaic site in 

central Alaska (XMH-035). The smaller size of these nodules may have involved less on-site reduction at 

the quarry and may have increased the suitability of embedded procurement, requiring less time and 

energy (Lawler 2019), though it may limit tool size characteristics (such as thickness and width). While 

raw material procurement and technological organization were not examined in this study, samples made 

from chert in northern/Arctic regions were significantly thicker than samples from boreal/Subarctic 

regions, which might reflect larger nodule/blank sizes.

As for other characteristics, Adams (2018) and Loendorf et al. (2018) note a clear relationship 

between workability (likely related to brittleness) and durability in raw material types used to 

manufacture bifacial projectile points. Generally, the more brittle a material is, the more easily it is to 

shape and manipulate. However, materials with increased brittleness are less durable. In this study, 

obsidian is the most brittle of the raw materials examined, followed by chert, rhyolite, and basalt (based 

on the results on Adams 2018 and Loendorf et al. 2018). Durability follows inversely, with basalt as the 

most durable, followed by rhyolite, chert, and finally obsidian as the least durable material. Both studies 

performed experiments aimed at demonstrating the effect of raw material variability and impact damage, 

with contrasting results; Loendorf et al. (2018) provided evidence for decreased durability (based on 
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breakage patterns) in obsidian points and a clear preference for more durable raw materials when 

manufacturing projectile points used for hunting. However, Adams (2018) observes no significant 

differences in durability among raw material types. Similarly to Adams (2018), the results of this study 

show little differences in breakage patterns among raw material types as well, indicating that raw material 

durability was not a significant factor for functional variation among side-notched bifaces.

6.2.3 Other Sources of Variation

The previous sections highlighted likely sources of variation among side-notched bifaces, and 

while there are many potential avenues for variation, this section explores a few other possibilities. This 

study included sites that were used as both residential and hunting camps, as it was difficult to clearly and 

distinctly separate the sample. This may serve as a source of variation, though lack of variation between 

the Ratekin site sample and the larger, intersite sample of bifaces suggests otherwise.

White (2013) discusses the possibility of copying error in a material culture, which describes the 

inherent design changes made when a tool is made by different people. The tool may be generally the 

same, serve the same function, and have the same general morphology- but not be a complete duplicate. 

Copying error can be the result of different processes, such as various types of transmission bias (Eerkens 

and Lipo 2007; Schillinger et al. 2016). This type of error is especially vulnerable in situations with 

selective pressures, such as habitat changes or increased competition. This rate of error can become 

significant over large periods of time and is worth considering for side-notched bifaces associated with 

the Northern Archaic.

Dropped, trampled, and post-depositionally damaged points can complicate studies of variation in 

lithic artifacts used as projectiles (Sedig 2010). When dropped, the most easily damaged portion of the 

tool is likely the tip, and this damage can be morphologically indistinguishable from intentional use 

(Hutchings 2011). Human or animal trampling of artifacts can cause edge damage on tools which are 

located above or just below the ground surface. Trampling can mimic false utilization signatures, as well 

as erase clear signs of use on a tool altogether (McBrearty et al. 1998).

6.2.4 Revisiting Standardization and Design Types

As discussed in Chapter 3, standardized technology can reflect both maintainable (Bleed 1986) 

and reliable design types (Ahler and Geib 2000); these are not necessarily exclusive (Ahler and Geib 

2000). Reliability can be defined as the ability to manipulate a tool's use-life by designing it to have high 
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stress limits and guard against failure (i.e. breakage; Bleed 1986). This study demonstrates that side- 

notched bifaces were broken frequently; however, they were likely designed and expected to break 

frequently. The most frequent location for damage on the intersite sample of side-notched bifaces was the 

distal end (or tip/Landmark 1), which can be reworked to return the tool back to a functional state once 

more for use. This indicative of a maintainable design type, in which failure is expected but it can be 

easily fixed or modified to be brought back to a functional state (Bleed 1986; Bousman 1993).

Other types of projectile points, such as fluted points (Smith and DeWitt 2016), are described as 

both reliable and maintainable, as a maintainable tool may need to be simultaneously reliable to anticipate 

failure (breakage) rates and rejuvenation needed (Odell 2001; Smith and DeWitt 2016). Side-notched 

bifaces found at Northern Archaic sites can be described similarly, and the evidence presented in this 

study demonstrate both aspects of reliable and maintainable tools, though maintainability might be a more 

important factor for tool design. It can be argued that side-notched bifaces found at Northern Archaic sites 

represent maintainable design types, as they show impact damage (from breakage and wear patterns) in 

areas of the tool which can be reworked for repeated use. Specifically, maintainability becomes 

significant in times of unpredictability but accompanied with a continuous need (Bleed 1986; Bousman 

1993) or, in other words, similar situations in which risk-prone strategies are used. Inversely, reliable 

design types are suggested to be used in situations where unpredictability and variability need to be 

minimized (Bousman 1993), reflecting risk-averse strategies. However, design types are not mutually 

exclusive categories (Bousman 1993), and may have shifted depending on the need, specifically if tied to 

situations where risk management strategies were used. A shift in design types and choices may be 

reflective of a shift in risk management strategies utilized by the Northern Archaic, and results in the 

increased standardization seen in side-notched bifaces around 3,000-2,000 cal years BP.

6.3 Future Directions for Research

There are many avenues for future research that can build upon the results of this study. Other 

productive lines of inquiry include analyses of raw material durability (Chesier and Kelly 2006; Odell and 

Cowan 1986), hafting widths (White 2013), Tip Cross-Sectional Area and modified methods (Clarkson 

2012), in addition to more in-depth geometric morphometric studies (Smith and DeWitt 2016).

The primary direction for future research on the variation among side-notched bifaces is 

experimental and microscopic use-wear studies. Experimental and microscopic use-wear studies would 

provide stronger evidence and support functional variation and the potential use of side-notched bifaces. 
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Experimental studies focusing on ballistics, impact, and fracture mechanics would provide specific 

indications on how side-notched bifaces were used and damaged.

Experimental studies would allow for control of certain variables that meta and site-specific 

analyses cannot, such the effect of raw material type and quality on impact damage. Use-wear studies 

would allow for a better understanding of maintenance, curation, and discard practices for side-notched 

bifaces (Bamforth 2010). Such data might tie into resource allocation and procurement strategies, which 

lead into discussions on technological organization practiced by the Northern Archaic. In the end, side- 

notched bifaces are one aspect of material culture and must be viewed in a larger scope in order to draw 

broader conclusions about the Northern Archaic. Analysis of interassemblage variation add to the existing 

knowledge base, provide better answers to the continuity of bifacial and microblade technologies, and 

compliment studies using large, aggregate datasets such as this one.

6.4 Conclusion

One of the overarching goals of this study was to better understand the Northern Archaic material 

culture and the role of the side-notched biface, adding to the knowledge base of Alaskan archaeology. By 

examining morphological and functional of an undoubtedly significant aspect of the Northern Archaic 

toolkit, the side-notched biface, it was arguably successful in meeting that goal. There is now a 

quantitative estimation for the range of morphological variation of the side-notched biface, demonstrating 

a large degree of variation in shape, size, and structure. There is evidence for regional variation among the 

side-notched bifaces, specifically between Polar and Boreal regions, which is likely related to raw 

material availability. In relation to artifact function, this study has shown that side-notched bifaces likely 

served the same function throughout all of the mid-Holocene, as darts (projectile points) damaged through 

impact, though ad-hoc or secondary use as a knife cannot be excluded.

This study highlights changes in morphology for side-notched bifaces throughout the mid

Holocene. The temporal changes and increased standardization during 3,000-2,000 cal years BP may 

reflect the Northern Archaic utilizing risk-averse strategies. The timing of increased standardization 

among side-notched bifaces coincides with evidence of subsistence diversification and increased small 

game procurement after 4,000 cal years BP (Potter 2008b, c), and a shift to increased exploitation of small 

game is found at the DRO site in central Alaska (Potter et al. 2018).

This study examined many different avenues of variability at a broad level and explored multiple 

mechanisms for variability among the tools. It identified the likeliest sources of variation among side- 

notched bifaces and built a foundation for future studies of the Northern Archaic. Understanding 
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morphological and functional variation of side-notched bifaces contributes to the knowledge base of lithic 

variability and opens a discussion about the broader implications of this variation on Northern Archaic 

subsistence practices.
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Appendices

Appendix A: Study Sites
Table A.1. Data table of study sites
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AHRS # Site Name Cal
Years 

BP (2σ4)

Notched
Points in
Sample

Nowacki 
et al. 
2001-

Level 1

Nowacki et al.
2001- Level 2

Nowacki et al.
2001- Level 3

Presence/
Absence 
of Faunal 
Remains

References (from AHRS 
and literature review)

ARC-040 Site Ridge/Old 
John Lake Site

5,706
6,311

5 Boreal Intermontane 
Boreal

Davidson 
Mountains

Presence Hall and McKennan 1973

BET-021 BET-021 N/A 1 Boreal Intermontane 
Boreal

Ray Mountains Absence Cook 1970; Holmes 1971

BET-022 Island Site N/A 6 Boreal Intermontane 
Boreal

Kobuk Ridges 
and Valleys

Absence Cook 1970; Holmes 1971

BET-023 BET-023 N/A 1 Boreal Intermontane 
Boreal

Ray Mountains Absence Cook 1970; Holmes 1971

BET-028 BET-028 N/A 1 Boreal Intermontane 
Boreal

Ray Mountains Absence Holmes 1971

BET-128 BET-128 N/A 1 Boreal Intermontane 
Boreal

Ray Mountains Absence ADNR OHA 2020

CHR-007 Charley River 1 N/A 1 Boreal Intermontane 
Boreal

Yukon-Old
Crow Basin

Presence West et al. 1965

CHR-010 Red Ochre Site N/A 1 Boreal Intermontane 
Boreal

North Ogilvie 
Mountains

Absence Reynolds and Jordan 
1983

CIR-063 Hill 2875 N/A 1 Boreal Intermontane 
Boreal

Yukon-Tanana
Uplands

Absence ADNR OHA 2020

COL-018 COL-018 N/A 1 Boreal Intermontane 
Boreal

Yukon-Old
Crow Basin

Absence Dixon and Plaskett 1980

DEL-157 West Valley
Scatter

N/A 1 Polar Arctic Tundra Brooks Range Absence Smith and Vreeman 1995

4 Calibrated age ranges were calculated with Calib 7.1, unless provided in literature
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AHRS # Site Name Cal
Years 

BP (2σ4)

Notched
Points in
Sample

Nowacki 
et al. 
2001-

Level 1

Nowacki et al.
2001- Level 2

Nowacki et al.
2001- Level 3

Presence/
Absence 
of Faunal 
Remains

References (from AHRS 
and literature review)

FAI-001 Campus Site 2,976
3,442;
2,968
3,392

1 Boreal Intermontane 
Boreal

Yukon-Tanana
Uplands

Absence Cook 1975; Hosley and
Mauger 1966; Mobley 

1991; Nelson 1937;
Pearson and Powers 

2001; Rainey 1939, 1940
FAI-035 Chugwater Site 803

1,269
11 Boreal Intermontane

Boreal
Tanana- 

Kuskokwim 
Lowlands

Presence Aigner 1979;
Yarborough 1978

FAI-185 Wood River
Butte

N/A 1 Boreal Intermontane
Boreal

Tanana- 
Kuskokwim 

Lowlands

Absence Dixon et al. 1980

FAI-194 Clear Creek
Butte South

N/A 3 Boreal Intermontane
Boreal

Tanana-
Kuskokwim

Lowlands

Presence Dixon et al. 1980

FAI-195 Blair Lake N/A 3 Boreal Intermontane
Boreal

Tanana-
Kuskokwim

Lowlands

Absence Dixon et al. 1980

FAI-196 Clear Creek
Butte

N/A 1 Boreal Intermontane
Boreal

Tanana-
Kuskokwim

Lowlands

Absence Dixon et al. 1980

FAI-197 Clear Creek
North

N/A 2 Boreal Intermontane
Boreal

Tanana-
Kuskokwim

Lowlands

Absence Dixon et al. 1980

FAI-198 Butte
Archaeological

District

N/A 1 Boreal Intermontane
Boreal

Tanana- 
Kuskokwim 

Lowlands

Presence Dixon et al. 1980

HEA-125 Gate Mountain 
Site

N/A 1 Boreal Alaska Range 
Transition

Alaska Range Presence McKay 1981

HEA-160 DENA 2428 N/A 1 Boreal Alaska Range 
Transition

Alaska Range Absence Morgan 1965; Treganza
1964

HEA-175 Butte Lake 5,320
6,270

2 Boreal Alaska Range 
Transition

Alaska Range Presence Betts 1987; Dixon et al.
1985
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AHRS # Site Name Cal
Years 

BP (2σ4)

Notched
Points in
Sample

Nowacki 
et al. 
2001-

Level 1

Nowacki et al.
2001- Level 2

Nowacki et al.
2001- Level 3

Presence/
Absence 
of Faunal 
Remains

References (from AHRS 
and literature review)

HEA-182 HEA-182 N/A 1 Boreal Alaska Range 
Transition

Alaska Range Absence Dixon 1985

HEA-187 Ratekin Site N/A 45 Boreal Alaska Range 
Transition

Alaska Range Presence Skarland and Keim 1958

IKR-051 IKR-051 N/A 2 Polar Arctic Tundra Brooks Foothills Absence Davis et al. 1981
KIR-011 Killik Bend N/A 1 Polar Arctic Tundra Brooks Foothills Absence Davis et al. 1981
KIR-096 Lisburne 3,964

4,243
1 Polar Arctic Tundra Brooks Foothills Absence Bever 2008; Bowers

1982
LIV-035 Kenworth

Quarry
N/A 2 Boreal Intermontane 

Boreal
Ray Mountains Absence Cook 1977

LIV-037 Nassuks Knoll N/A 1 Boreal Intermontane 
Boreal

Ray Mountains Absence ADNR OHA 2020

LIV-041 Tolovana 3 N/A 4 Boreal Intermontane 
Boreal

Ray Mountains Absence Aigner and Gannon
1981; Derry 1977

LIV-043 Tolovana 5 N/A 5 Boreal Intermontane 
Boreal

Ray Mountains Absence Aigner and Gannon
1981; Derry 1977

LIV-054 Lorrain's
Lookout

N/A 1 Boreal Intermontane 
Boreal

Ray Mountains Absence Derry 1977

MIS-171 Lookout Ridge N/A 2 Polar Arctic Tundra Brooks Foothills Absence Davis et al. 1981
MMK-

004
Minchumina 

Site; University 
Hill Site

1,293
2,716

4 Boreal Intermontane 
Boreal

Tanana- 
Kuskokwim 
Lowlands

Presence Griffin 1990; Holmes
1986

MMK-
012

East Cove Site 1,563
2,136

1 Boreal Intermontane 
Boreal

Tanana- 
Kuskokwim 
Lowlands

Presence Holmes 1977, 1984, 1986

PSM-050 Gallagher Flint 
Station

3,330
3,710

18 Polar Arctic Tundra Brooks Foothills Presence Dixon 1971, 1975; West
1973

PSM-060 Ribdon Site 1,569
1,821

8 Polar Arctic Tundra Brooks Foothills Absence Aigner and Gannon 
1981; Cook 1977

PSM-092 PSM-092 N/A 1 Polar Arctic Tundra Brooks Range Absence Aigner and Gannon 1981
PSM-122 Itkillik Lake N/A 1 Polar Arctic Tundra Brooks Range Absence Kunz 1977
PSM-131 PSM-131 N/A 1 Polar Arctic Tundra Brooks Foothills Absence Kunz 1977
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AHRS # Site Name Cal
Years 

BP (2σ4)

Notched
Points in
Sample

Nowacki 
et al. 
2001-

Level 1

Nowacki et al.
2001- Level 2

Nowacki et al.
2001- Level 3

Presence/
Absence 
of Faunal 
Remains

References (from AHRS 
and literature review)

PSM-402 B54 N/A 1 Polar Arctic Tundra Brooks Foothills Absence ADNR OHA 2020
TLM-030 Fog Creek 3,382

3,559
20 Boreal Alaska Range 

Transition
Alaska Range Presence Dixon et al. 1985

TLM-042 Goose Creek N/A 2 Boreal Alaska Range 
Transition

Copper River 
Basin

Presence Dixon et al. 1985

TLM-097 Borrow C Site 4,539
4,847

2 Boreal Alaska Range 
Transition

Alaska Range Presence Dixon et al. 1985

TLM-113 TLM-113 N/A 1 Boreal Alaska Range 
Transition

Alaska Range Absence Dixon et al. 1985

TLM-133 TLM-133 N/A 1 Boreal Alaska Range 
Transition

Alaska Range Absence Dixon et al. 1985

TLM-135 TLM-135 N/A 1 Boreal Alaska Range 
Transition

Alaska Range Absence Dixon et al. 1985

TLM-143 Jay Creek
Mineral Lick

4,440
4,825

9 Boreal Alaska Range 
Transition

Alaska Range Absence Dixon et al. 1985

TLM-144 TLM-144 N/A 1 Boreal Alaska Range 
Transition

Alaska Range Absence Dixon et al. 1985

TNX-004 Dixthada 2,346
2,744

1 Boreal Intermontane 
Boreal

Tanana- 
Kuskokwim 

Lowlands

Presence Cook and McKennan 
1970; Rainey 1939;

Shinkwin 1979; 
Shinkwin and Aigner 

1979
WIS-005 WIS-005 N/A 1 Boreal Intermontane 

Boreal
Kobuk Ridges 

and Valleys
Absence Cook and McKennan

1970; Holmes 1971
WIS-028 WIS-028 N/A 2 Polar Arctic Tundra Brooks Range Absence Cook 1977
XCL-451 Agiak Lake 4,871

5,656
1 Polar Arctic Tundra Brooks Range Presence Wilson and Rasic 2008;

Wilson and Slobodina
2007

XHP-115 Kinyiksukvik N/A 1 Polar Arctic Tundra Brooks Range Presence Davis et al. 1981;
Dumond 1982; Irving 

1962
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AHRS # Site Name Cal
Years 

BP (2σ4)

Notched
Points in
Sample

Nowacki 
et al. 
2001-

Level 1

Nowacki et al.
2001- Level 2

Nowacki et al.
2001- Level 3

Presence/
Absence 
of Faunal 
Remains

References (from AHRS 
and literature review)

XMH-035 Mount Hayes 35 N/A 1 Boreal Alaska Range 
Transition

Alaska Range Absence Lawler 2019; Mobley
1982; Robinson 2003

XMH-227 Fish Creek 2,808
3,476;
1,719
2,434

2 Boreal Alaska Range 
Transition

Alaska Range Presence Cook 1977

XMH-268 XMH-268 N/A 1 Boreal Intermontane 
Boreal

Tanana- 
Kuskokwim 

Lowlands

Absence Aigner 1979; Holmes
1979

XMH-277 Jarvis Creek N/A 1 Boreal Intermontane 
Boreal

Tanana- 
Kuskokwim 

Lowlands

Absence Aigner 1979; Holmes
1979

XMH-283 XMH-283 N/A 1 Boreal Intermontane 
Boreal

Tanana- 
Kuskokwim 

Lowlands

Absence Aigner 1979; Holmes
1979

XMH-309 XMH-309 N/A 1 Boreal Intermontane 
Boreal

Tanana-
Kuskokwim 

Lowlands

Absence Aigner 1979; Holmes
1979

XMH-487 Zinck Site N/A 1 Boreal Alaska Range 
Transition

Alaska Range Absence Jangala 2001

XMH-
1168

Fort Greely Site N/A 1 Boreal Intermontane 
Boreal

Tanana- 
Kuskokwim 

Lowlands

Absence Esdale et al. 2012
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Appendix B: Ecological and Regional Division of Study Sites

Table B.1. Regional division of study sites based on Nowacki et al. 2001
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Regional: Level 1 Regional: Level 2 Regional: Level 3 Corresponding Study Sites and Samples
Polar Arctic Tundra Beaufort Coastal Plain

Brooks Foothills IKR-051 (N=2)
KIR-011 (N=1)
KIR-096 (N=1)
MIS-171 (N=2)

PSM-050 (N=18)
PSM-060 (N=7)
PSM-092 (N=1)
PSM-122 (N=1)
PSM-131 (N=1)
PSM-402 (N=1)

Brooks Range DEL-157 (N=1)
WIS-028 (N=2)
XCL-451 (N=1)
XHP-115 (N=1)

Bering Tundra Kotzebue Sound 
Lowlands

Seward Peninsula
Bering Sea Islands

Boreal Bering Taiga Nulato Hills
Yukon-Kuskokwim 

Delta
Ahklun Mountains

Bristol Bay Lowlands
Intermontane Boreal Kobuk Ridges and 

Valleys
BET-022 (N=6)
WIS-005 (N=1)

Ray Mountains BET-021 (N=1)
BET-023 (N=1)
BET-028 (N=1)
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Regional: Level 1 Regional: Level 2 Regional: Level 3 Corresponding Study Sites and Samples
Boreal Intermontane Boreal Ray Mountains BET-128 (N=1)

LIV-035 (N=2)
LIV-037 (N=1)
LIV-041 (N=4)
LIV-043 (N=5)
LIV-051 (N=4)
LIV-054 (N=1)

Davidson Mountains ARC-040 (N=5)
Yukon-Old Crow Basin CHR-007 (N=1)

COL-018 (N=1)
North Ogilvie Mountains CHR-010 (N=1)
Yukon-Tanana Uplands CIR-063 (N=1)

FAI-001 (N=1)
Tanana- Kuskokwim 

Lowlands
FAI-035 (N=11)
FAI-185 (N=1)
FAI-194 (N=3)
FAI-195 (N=1)
FAI-196 (N=1)
FAI-197 (N=2)
FAI-198 (N=1)

MMK-004 (N=4)
MMK-012 (N=1)
TNX-004 (N=1)
XMH-268 (N=1)
XMH-277 (N=1)
XMH-283 (N=1)
XMH-309 (N=1)
XMH-1168 (N=1)

Yukon River Lowlands
Kuskokwim Mountains

Alaska Range Transition Alaska Range HEA-125 (N=1)
HEA-160 (N=1)
HEA-175 (N=2)
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Regional: Level 1 Regional: Level 2 Regional: Level 3 Corresponding Study Sites and Samples
Boreal Alaska Range Transition Alaska Range HEA-182 (N=1)

HEA-187 (N=45)
TLM-030 (N=20)
TLM-097 (N=2)
TLM-113 (N=1)
TLM-133 (N=1)
TLM-135 (N=1)
TLM-143 (N=9)
TLM-144 (N=1)
XMH-035 (N=1)
XMH-227 (N=2)
XMH-487 (N=1)

Cook Inlet Basin
Copper River Basin TLM-042 (N=2)

Lime Hills
Maritime Aleutian Meadows Alaska Peninsula

Aleutian Islands
Coastal Rainforests Alexander Archipelago

Boundary Ranges

Chugach-St. Elias 
Mountains

Gulf of Alaska Coast

Kodiak Island

Coastal Mountains 
Transition

Wrangell Mountains
Kluane Range
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Figure B.1. Regional level 1 division based on Nowacki et al. 2001 and study sites
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Figure B.2. Regional level 2 division based on Nowacki et al. 2001 and study sites
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Figure B.3. Regional level 3 division based on Nowacki et al. 2001 and study sites



Appendix C: Intersite Variation Results

Figure C.1. Intersite metric data distribution: total length (mm)

Figure C.2. Intersite metric data distribution: blade length: total length ratio (%)
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Figure C.3. Intersite metric data distribution: thickness at the tip (Landmark 1; mm)

Figure C.4. Intersite metric data distribution: thickness at the shoulders (Landmarks 2-3; mm)

160



Figure C.5. Intersite metric data distribution: thickness at the neck (Landmarks 4-5; mm)

Thick_L67

Figure C.6. Intersite metric data distribution: thickness at the ears (Landmarks 6-7; mm)
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Figure C.7. Intersite metric data distribution: maximum width (Landmarks 2-3; mm)

Figure C.8. Intersite metric data distribution: ear height (mm)
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Figure C.9. Intersite metric data distribution: weight (g)

Figure C.10. Intersite metric data distribution: blade asymmetry (%)
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Figure C.11. Intersite total length (mm) by raw material type

Figure C.12. Intersite blade length (mm) by raw material type
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Figure C.13. Intersite total length:blade length ratio (%) by raw material type

Figure C.14. Intersite thickness at the tip (Landmark 1; mm) by raw material type
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Figure C.15. Intersite thickness at the shoulders (Landmarks 2-3; mm) by raw material type

Figure C.16. Intersite thickness at the neck (Landmarks 4-5; mm) by raw material type
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Figure C.17. Intersite thickness at the ears (Landmarks 6-7; mm) by raw material type

Figure C.18. Intersite weight (g) by raw material type
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Figure C.19. Intersite ear height (mm) by raw material type

Figure C.20. Intersite geometric morphometric analysis: consensus image for Landmarks 1-3 grouping
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Figure C.21. Intersite geometric morphometric analysis: consensus image for Landmarks 1-5 grouping

Figure C.22. Intersite geometric morphometric analysis: consensus image for Landmarks 2-8 grouping
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Figure C.23. Intersite geometric morphometric analysis: consensus image for Landmarks 4-8 grouping

Figure C.24. Intersite geometric morphometric analysis: consensus image for Landmarks 6-8 grouping
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Appendix D: Ecological and Regional Variation Results5

5 Region names are abbreviated to fit in table: Alaska Region (AR), Brooks Foothills (BF), Brooks Range 
(BR), Copper River Basin (CRB), Davidson Mountains (DM), Kobuk River and Valleys (KRV), North 
Ogilvie Mountains (NOM), Ray Mountains (RM), Tanana-Kuskokwim Lowlands (TKL), Yukon-Old 
Crow Basin (YOCB), and Yukon-Tanana Uplands (YTU).

Figure D.1. Regional level 3 division: length vs. width (mm) scatterplot
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Table D.1. Regional level 3 division: breakage patterns

172

Regional: Level 3
Breakage
Location
(N=199)

AR* BF* BR* CRB* DM* KRV* NOM
*

RM* TKL* YOCB
*

YTU* Total 
(N/%)

N % N % N % N % N % N % N % N % N % N % N %
Landmark 1 22 24.5 10 30.3 3 50.0 1 50.0 2 40.0 2 28.6 - - 4 20.0 7 22.6 1 50.0 1 50.0 52/26.14
Landmarks

1-8
2 10.0 - - - - - - 2/1.0

Landmark 2 1 1.1 1/0.5
Landmarks

2-3
4 4.4 7 21.2 - - 1 50.0 1 20.0 - - - - 1 5.0 8 25.8 - - - - 22/11.05

Landmarks
4-5

12 13.3 2 6.1 1 16.7 - - 1 20.0 - - - - - - 4 12.9 - - - - 20/10.05

Landmarks
4-8

2 2.2 2 10.0 - - - - - - 5/2.51

Landmarks
5-7

2 2.2 2/1.0

Landmark 6 2 2.2 2/1.0
Landmarks

6-7
2 2.2 1 3.0 1 3.2 - - - - 4/2.01

Landmarks
6-8

1 1.1 1/0.5

Landmark 7 5 5.6 1 3.0 - - - - - - 1 14.3 - - - - 2 6.5 - - - - 9/4.53
Complete 37 41.2 12 36.4 2 33.3 - - 1 20.0 4 57.1 1 100 11 55.0 9 29.0 1 50.0 1 50.0 79/39.69

Total 90 100 33 100 6 100 2 100 5 100 7 100 1 100 20 100 31 100 2 100 2 100 199/100
Breakage 

Type 
(N=199)

Transverse 
/Lateral

45 50.0 19 57.5 3 50.0 2 100 4 80.0 3 42.9 - - 4 20.0 20 64.5 1 50.0 - - 101/50.7

Longitudinal 8 8.8 2 6.1 1 16.7 5 25.0 2 6.5 - - 1 50.0 19/9.55
Complete 37 41.2 12 36.4 2 33.3 - - 1 20.0 4 57.1 1 100 11 55.0 9 29.0 1 50.0 1 50.0 79/39.69

Total 90 100 33 100 6 100 2 100 5 100 7 100 1 100 20 100 31 100 2 100 2 100 199/100



Table D.2. Regional level 3 division: macroscopic wear patterns on the distal end

Regional: Level 3
Macroscopic
Wear Pattern 

Type 
(N=199)

AR* BF* BR* CRB* DM* KRV* NOM
*

RM* TKL* YOCB
*

YTU* Total 
(N/%)

N % N % N % N % N % N % N % N % N % N % N %
Complete 
(at tip/L1)

20 22.2 5 15.2 1 16.7 - - 1 20.0 4 57.1 1 100 8 40.0 7 22.6 1 50.0 1 50.0 49/24.61

Modification/ 
Damage 
Present

41 45.6 17 51.5 2 33.3 2 28.6 9 45.0 8 25.8 1 50.0 80/40.19

Missing 29 32.2 11 33.3 3 50.0 2 100 4 80.0 1 14.3 - - 3 15.0 16 51.6 1 50.0 - - 70/35.16
Total 90 100 33 100 6 100 2 100 5 100 7 100 1 100 20 100 31 100 2 100 2 100 199/99.96
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Appendix E: Temporal Variation Results

Table E.1. Temporal: metric data 6,000-5,000 years (cal BP)

N Mean Standard 
Deviation

Coefficient of 
Variation (CV)

Total Length (mm) 3 35.1 3.73 10.62
Blade Length (mm) 3 26.89 2.99 11.11

Blade:Total Length Ratio (%) 2 76.04 1.14 1.49
Maximum Width (mm) 3 20.95 2.54 12.12

Weight (g) 3 5.81 1.33 22.89
Thickness at L1 (mm) 2 1.68 0.30 17.85

Thickness at L2-3 (mm) 4 7.57 0.79 10.43
Thickness at L4-5 (mm) 4 6.75 0.65 9.62
Thickness at L6-7 (mm) 4 4.71 1.08 22.92

Ear Height (mm) 3 6.17 1.74 28.20
Asymmetry (%) 3 15.46 13.00 84.08

Table E.2. Temporal: metric data 5,000-4,000 years (cal BP)

N Mean Standard 
Deviation

Coefficient of 
Variation (CV)

Total Length (mm) 4 43.80 6.95 15.86
Blade Length (mm) 4 33.38 8.37 25.07

Blade:Total Length Ratio (%) 1 81.17 N/A6 N/A
Maximum Width (mm) 5 21.29 4.40 20.66

Weight (g) 4 7.38 2.74 37.12
Thickness at L1 (mm) 3 2.16 0.97 44.90

Thickness at L2-3 (mm) 12 5.81 1.09 18.76
Thickness at L4-5 (mm) 12 5.02 0.71 14.14
Thickness at L6-7 (mm) 10 3.59 0.71 19.77

Ear Height (mm) 12 5.1 0.92 18.03
Asymmetry (%) 4 2.16 1.92 88.88

6 Standard deviation (and subsequently CV) cannot be calculated with a sample size of 1.
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Table E.3. Temporal: metric data 4,000-3,000 years (cal BP)

N Mean Standard 
Deviation

Coefficient of 
Variation (CV)

Total Length (mm) 10 44.68 9.13 20.43
Blade Length (mm) 12 36.40 12.05 33.10

Blade:Total Length Ratio (%) 6 70.18 6.86 9.77
Maximum Width (mm) 11 24.19 3.50 14.46

Weight (g) 10 7.31 2.86 39.12
Thickness at L1 (mm) 13 2.20 0.63 28.63

Thickness at L2-3 (mm) 16 6.31 1.29 20.44
Thickness at L4-5 (mm) 19 4.97 0.86 17.30
Thickness at L6-7 (mm) 19 3.77 0.70 18.56

Ear Height (mm) 22 4.79 1.09 22.75
Asymmetry (%) 12 2.95 2.44 82.71

Table E.4. Temporal: metric data 3,000-2,000 years (cal BP)

N Mean Standard 
Deviation

Coefficient of 
Variation (CV)

Total Length (mm) 9 30.42 5.81 19.09
Blade Length (mm) 8 20.46 5.01 24.48

Blade:Total Length Ratio (%) 8 73.71 1.90 2.57
Maximum Width (mm) 5 24.16 4.46 18.46

Weight (g) 5 4.89 2.89 59.10
Thickness at L1 (mm) 6 2.12 0.63 29.71

Thickness at L2-3 (mm) 15 6.85 0.86 12.55
Thickness at L4-5 (mm) 19 5.54 0.90 16.24
Thickness at L6-7 (mm) 20 4.06 0.58 14.28

Ear Height (mm) 21 4.87 1.28 26.28
Asymmetry (%) 8 8.03 3.67 45.70

Table E.5. Temporal: metric data 2,000-1,000 years (cal BP)

N Mean Standard 
Deviation

Coefficient of 
Variation (CV)

Total Length (mm) 8 42.01 10.10 24.04
Blade Length (mm) 10 29.84 9.10 30.49

Blade:Total Length Ratio (%) 6 73.93 6.46 8.73
Maximum Width (mm) 8 24.30 3.52 14.48

Weight (g) 7 6.58 2.28 34.65
Thickness at L1 (mm) 9 1.85 0.38 20.54

Thickness at L2-3 (mm) 12 5.83 1.03 17.66
Thickness at L4-5 (mm) 19 5.12 1.12 21.87
Thickness at L6-7 (mm) 15 4.11 1.07 26.03

Ear Height (mm) 16 5.35 1.22 22.80
Asymmetry (%) 7 9.31 9.37 100.6
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Figure E.1. Temporal: total length (mm) in 1,000 year intervals

Figure E.2. Temporal: blade length (mm) in 1,000 year intervals
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Figure E.3. Temporal: blade length:total length ratio (%) in 1,000 year intervals

Figure E.4. Temporal: thickness at the tip (Landmark 1; mm) in 1,000 year intervals
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Figure E.5. Temporal: thickness at the shoulders (Landmarks 2-3; mm) in 1,000 year intervals

Figure E.6. Temporal: thickness at the neck (Landmarks 4-5; mm) in 1,000 year intervals
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Figure E.7. Temporal: thickness at the ears (Landmarks 6-7; mm) in 1,000 year intervals

Figure E.8. Temporal: weight (g) in 1,000 year intervals
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Figure E.9. Temporal: ear height (mm) in 1,000 year intervals

Figure E.10. Temporal: blade asymmetry (%) in 1,000 year intervals
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