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ABSTRACT 

 

Clovis Lithic Debitage from Excavation Area 8 at the Gault  

Site (41BL323), Texas: Form and Function. (May 2009) 

Charlotte Donald Pevny, B.A., University of Louisiana; 

M.S., University of New Orleans 

Co-Chairs of Advisory Committee, Dr. Michael R. Waters 
                Dr. Harry J. Shafer 

 

This dissertation focuses on two portions of the Clovis lithic assemblage recovered from 

Excavation Area 8 at the Gault site (41BL323) located in central Texas. Gault is a 

quarry-camp visited by hunter-gatherer groups for at least 13,000 years, with 

Paleoindian, Archaic, and Late Prehistoric occupations. Freshwater seep springs, a 

diverse array of floral and faunal resources, and an abundant outcrop of high-quality 

toolstone at the site created an ideal location for people who lived a mobile hunting-and-

gathering way of life. 

The site is currently the only locale with two stratigraphically separate Clovis 

components—a lower geologic unit designated 3a and an upper unit designated 3b. Both 

are represented in Excavation Area 8 where, in the spring of 2000, Texas A&M 

University (TAMU) excavated 22 1-m2 contiguous units. 

For this research, 3375 complete flakes were analyzed individually to characterize 

Clovis debitage as represented at Excavation Area 8 and to establish if there are 

technological differences between the debitage assemblages recovered from Units 3a 
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and 3b. The two Clovis components are quite similar from a technological standpoint. 

Minor differences appear to be related to site formation processes and intensity of site 

use. The second objective was to determine if Clovis debitage has diagnostic 

technological traits that allow confident assignment to the Clovis era. To test whether 

Clovis debitage is distinctive, it was compared to debitage recovered from later cultural 

components at the site. No evidence of a true blade technology was observed in the post-

Clovis Paleoindian or Early Archaic debitage assemblages, although biface manufacture 

continued through time. Technologically, few differences were observed between the 

Clovis, post-Clovis Paleoindian, and Early Archaic debitage related to biface reduction. 

While overshot flakes may be diagnostic of Clovis biface technology, biface thinning 

flakes and other non-distinctive debitage showed few differences between components. 

During debitage analysis pieces were selected in an attempt to identify edge-

modified tools. Low- and high-power usewear analysis was employed to make 

determinations concerning the cultural modification or use of flakes. This study 

concluded post-depositional damage affected most of the collection and there was 

minimal usewear—or minimal observable usewear—on flakes. Taphonomic processes 

interfered to a great extent with drawing firm inferences on tool use and possibly 

hindered the identification of tools. Of the 3375 pieces of Clovis debitage originally 

analyzed, 26 specimens were classified as tools based mainly on invasive, patterned 

flaking with less reliance on microscopic use indicators. Of these, inference of use was 

assigned to nine tools. 



Both data sets, the debitage and edge-modified tools, in conjunction with the results 

of past analyses conducted on other portions of the lithic assemblage, demonstrate that 

during Clovis times Excavation Area 8 served as a locale dedicated primarily to the 

manufacture of Clovis blades and projectile points. The recovered lithic assemblage 

includes many blade cores, blades, bifaces and preforms that are manufacturing rejects, 

but only a few highly utilized tools (e.g. projectile points and endscrapers) discarded at 

the end of their uselife and a small number of minimally used blades and flakes.  
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CHAPTER I 

 INTRODUCTION AND INTENT 

 

The focus of this dissertation is two related portions of the Clovis lithic assemblage—

debitage and edge-modified tools—recovered from a lithic procurement site in south-

central Texas. The Gault site (41BL323), located in southernmost Bell County, was 

visited by hunter-gatherer groups for at least 13,000 years and contains evidence of 

Paleoindian, Archaic, and Late Prehistoric occupations (Figure 1). Freshwater seep 

springs, a diverse array of floral and faunal resources, and an abundant outcrop of high-

quality toolstone existed simultaneously creating an ideal location for people who lived a 

mobile hunting-and-gathering way of life. The Gault site is currently the only locale with 

two stratigraphically separate Clovis components—a lower geologic unit designated 3a 

and an upper unit designated 3b (Figure 2). Both are represented in Excavation Area 8 

where, in the spring of 2000, Texas A&M University (TAMU) excavated 22 1-m2 

contiguous units. 

The total recovered lithic assemblage includes many blades and bifaces that appear 

to be manufacturing rejects, as well as exhausted blade cores; there are only a few highly 

curated tools discarded at the end of their uselife and a small number of minimally used, 

less formal tools. The overwhelming majority of the larger-size artifacts, those greater 

than 2.54 cm in size, consist of debitage related to the manufacture of blades and 

projectile points. I argue that, in conjunction, the total lithic assemblage demonstrates the 

____________ 
This dissertation follows the style of American Antiquity. 
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Figure 1. Detailed topographic map showing the location of Excavation Area 8 and other ex-
cavation areas and trenches (black filled areas) at the Gault site (41BL323). Inset state map 
shows the general location of the Gault site. Map by Joshua L. Keene.
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Figure 2. North-south geologic cross sections through Excavation Area 8. (a) Cross 
section from N1015 E982 to N1021 E982. (b) Cross section from N1015 E983 to N1022 
E983. (c) Cross section from N1015 E985 to N1022 E985. The location of diagnostic 
artifacts and luminescence ages are shown. Horizontal and vertical scales are the same. 
See Figure 1 for location of cross-sections. Drafted by Joshua L. Keene
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Clovis inhabitants used this portion of the Gault site as a workshop dedicated to the 

production of bifaces and blades with limited ancillary activities related either to the 

production of associated gear or day-to-day camp life. 

 

Research Objectives 

This study has three main objectives that concentrate on materials recovered from the 

Clovis strata. The first objective is to characterize the Clovis debitage from Excavation 

Area 8. This is done to determine if there are technological differences between the 

assemblages recovered from Units 3a and 3b compared to generally characterize Clovis 

debitage. The second objective is to determine if, as suggested by others (Collins and 

Lohse 2004:181; Ferring 2001:153), Clovis debitage has diagnostic technological traits 

that allow confident assignment to the Clovis era. Bradley (1991:254) suggests this level 

of identification is possible for biface thinning flakes, and Collins (1999a:178) proposes 

Clovis blades display “a distinctive constellation of attributes.” Many recognizable types 

of flakes do exist in Clovis assemblages that, when considered in conjunction with other 

artifacts, demonstrate a reasonable association with Clovis technologies. In biface 

manufacture, these include outré passé or overshot flakes, as well as endthinning flakes 

related to the late-stage or final fluting of Clovis projectile points. Identifiable debitage 

within the blade trajectory includes core tablet flakes and crested, or ridge preparation, 

blades (Collins 1999a). To test whether Clovis debitage is distinctive, I will compare it 

to debitage recovered from the Early Archaic and post-Clovis Paleoindian components. 
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While certain types of debitage are, perhaps, readily assignable to modes of 

production, how straightforward their assignment is to a specific cultural component—

particularly without the presence of a diagnostic projectile point or refits to supplement 

technological analysis—is questionable. Are there singular reduction techniques or other 

characteristics that set Clovis biface thinning flakes or other flakes generally considered 

non-diagnostic (e.g. normal flakes) apart from the post-Clovis Paleoindian and Early 

Archaic debitage assemblages? For example, are flake scar patterns, platform types, or 

treatment of platforms markedly different on Clovis debitage? Is Clovis debitage 

distinctively larger (sensu Bradley 1991; Collins 2003)?  

The third objective is to describe the edge-modified tool assemblage, which consists 

of a nonrandom sample of flakes and flake fragments culled during analysis of the 

debitage. The study was designed to identify tools and infer use when possible using 

microscopic low-power (Odell 1981; Odell and Odell-Vereecken 1980; Tringham et al. 

1974) and high-power (Keeley 1982; Grace 1989) approaches to determine if an edge 

was used and, if possible, to assess if the tool was used on hard or soft materials. The 

debitage from Excavation Area 8 was altered by both cultural and natural processes; 

identification of these processes and an understanding of their affect on the 

archaeological record were necessary before any meaningful interpretations concerning 

tools could be offered. 

In conjunction with other studies (Dickens 2005; Minchak 2007; Smallwood 2006; 

Wiederhold 2004), the current research affirms that during Clovis times, Excavation 
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Area 8 served as a workshop where the primary activity was the manufacture of 

projectile points and blades. 

 

The Clovis Era 

As diverse in shape and form as the environmental settings inhabited by their makers, 

distinctive bifacially flaked fluted projectile points serve as the principal diagnostic 

marker for the enigmatic era referred to as Clovis (G. Haynes 2002) and named for the 

town of Clovis, New Mexico, which is located near the type-site of Blackwater Draw 

(Boldurian and Cotter 1999; Hester 1972; Sellards 1952). Although originally thought to 

have spanned a slightly longer period (V. Haynes 1993), recent research suggests this era 

lasted closer to 250 years with a maximum age range between 13,250-12,800 B.P. 

(Waters and Stafford 2007). 

 

The Organization of Clovis Lithic Technology 

Technological organization is an approach often used by archaeologists to understand 

how, in terms of resource acquisition, past technologies adaptively developed (Binford 

1980). The structure of the environment conditions choices concerning foraging, which 

in turn, are supported by technological strategies. The identification of past technologies, 

understanding how those technologies were organized in relation to social and economic 

strategies, and understanding how technological change relates to long-term cultural 

change are goals of the lithic analyst employing a technological organization or “TO” 

approach (Carr and Bradbury 2006). Use of the concept organization of technology, 
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therefore, follows the definition provided by Nelson (1991:57): “the study of the 

selection and integration of strategies for making, using, transporting, and discarding 

tools and the materials needed for their manufacture and maintenance” (Nelson 

1991:57). In reference to lithic material or toolstone, these strategies represent actions or 

activities employed by people to acquire toolstone, manufacture tools, and maintain tools 

until eventually, the tool is discarded. 

This complete process from start to finish is considered reductive in nature—lithic 

material is removed during tool manufacture and maintenance—and is conceived to 

occur along a continuum or trajectory. Discarded tools, and the debris related to their 

manufacture or maintenance, represent various stages or points along this continuum. 

Artifact-wise, not every portion of the manufacturing and use continuum will be 

identified at a given site and inferences about what may have been taken away from a 

site are often drawn from lithic artifacts that remain onsite or that are present at other 

sites. 

 

Clovis Site Types 

Lithic artifacts, their association with each other, and their association with other types 

of artifactual material (e.g. faunal remains), are used by archaeologists to understand 

how sites were used in the past. To understand the function of Excavation Area 8 during 

Clovis times, identification of activities is critical because variation observed in the 

content and structure of archeological assemblages is a reflection of the nature and 

spatial arrangement of human activities (Binford and Binford 1966:241). Accepting 
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equifinality, a lithic assemblage is used to infer activities and therefore provide insight 

into past human behavior. 

Despite the pervasive presence of Clovis projectile points across the North American 

continent—in a variety of environmental settings—not every tool is present at every site 

(Haynes 2002; Stanford 1991); whether this is a result of differences in site activities or 

attributable to regional variation is still questionable (Meltzer 1988, Dincauze 1993). 

Evaluation of site assemblages may identify diagnostic traits and advance perception of 

regional expressions of Clovis material culture (Meltzer 1993). Generally, Clovis sites 

are grouped into caches, kills, quarries, and camps. 

Clovis caches are composed of implements or other materials that, spatially, occur 

closely clustered without associated manufacturing or maintenance debris (Kilby and 

Huckell 2003). Artifacts from caches are not worn-out and abandoned, but were 

removed from the reduction continuum earlier in their potential use-lives, unlike broken 

and discarded tools from kill and camp sites. Reported Clovis caches demonstrate 

variability in cache location, type of raw material, and content (Kilby and Huckell 2003). 

Blade and biface technologies are strongly represented in Clovis caches, and tend to 

most often occur on the southern plains and northern mountains, respectively.      

Kill sites represent a fairly specialized activity—game procurement. Clovis kill sites 

are often located near water and include sites such as Blackwater Draw Locality No. 1, 

NM (Boldurian and Cotter 1999; Hester 1972), Colby, WY (Frison and Todd 1986), 

Dent, CO (Figgins 1933), Domebo, OK (Leonhardy 1966), Lehner, AZ (Haury et al. 

1959), Miami, TX (Sellards 1952), Murray Springs, AZ (Haynes and Huckell 2007), and 
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Naco, AZ (Haury et al. 1953), among others. At kill sites, lithic assemblages include a 

few specialized tools—discarded projectile points, knives, and scrapers—and debitage 

related to tool maintenance (Judge 1973:204). Kill sites and kill-related camps have 

provided a great deal of data on Clovis biface technology. 

 A quarry, or lithic procurement site, is a location where hunter-gatherers acquired 

knappable toolstone and reduced it to a more portable form for subsequent manufacture 

into tools (Holmes 1894; Shafer 1993). Quarry sites usually are located away from other 

resources such as water and the overwhelming majority of the artifact assemblage is 

composed of debitage, usually from initial and primary reduction of raw material. Tested 

nodules or cobbles, expended cores, manufacturing rejects such as broken bifaces, and 

knapping tools—such as hammerstones—are also recovered from quarries (Dickens and 

Dockhall 1993). These artifacts reflect activities such as procurement, initial reduction of 

raw material, and the selection of tool blanks. Diagnostic artifacts are not observed often 

at quarries. The tool to debitage ratio should be low and the ratio of unfinished to 

finished tools should be relatively high (Bamforth 2006:524). Clovis quarry sites are few 

in number and only the Yellow Hawk site (Mallouf 1989) in Texas is a potential 

candidate, though contextually there are problems with the recovered assemblage.   

In general, camps represent seasonally occupied locations where inhabitants 

remained for more than several days and where more than one activity occurred (Binford 

1980; Judge 1973; LaBelle 2005; Sellet 1999; Wendorf and Hester 1962). A campsite 

usually displays greater diversity in assemblage composition and retains evidence of 

domestic activity, such as hearths or structures (Collins 2003:188-189). Other camp-
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related activities, like final tool preparation or maintenance, may be spatially discrete. 

The lithic assemblage should include smaller-sized debitage and less cortical debitage, a 

predominance of expedient tools, repaired or reworked tools, projectile points, and 

aborted performs from all stages of manufacture (Dickens and Dockhall 1993). 

Represented activities at camp sites include material preparation such as heat treatment, 

tool recycling and maintenance, expedient tool manufacture, and the subsistence 

activities expected at a site where people camp (e.g. food preparation), but less initial 

reduction. Compared to quarry sites and the ratio of unfinished to finished tools should 

be low (Bamforth 2006:524). Clovis campsites like Aubrey, TX (Ferring 2001) and 

Shawnee Minisink, PA (McNett 1985) produced faunal and floral evidence attesting to a 

more generalized Clovis diet; tool-wise, these camps have provided less data on Clovis 

weaponry, but have contributed information on unifacial tool production, use and 

maintenance.  

Behaviorally, each type of site discussed above represents different activities and 

intentions on the part of Clovis inhabitants. The distinction between types of sites like 

kills and quarries is easier perhaps because fewer activities occurred. Ideally, camp sites 

are based on criteria such as those listed above, but realistically, a camp site associated 

with game procurement (e.g. kill-camp) may be structured differently than a camp site 

associated with a quarry (e.g. quarry-camp). While Clovis camps have been recognized 

adjacent to kill sites at Blackwater Draw, NM (Hester 1972) and Murray Springs, AZ 

(Haynes and Huckell 2007), these appear to have been occupied briefly during and after 

the kills; the lithic assemblages provide evidence for processing of prey and tool 
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manufacture and maintenance. In contrast, a Clovis quarry-campsite like Gault certainly 

reflects a longer occupation time (or more occupations over a short time) and perhaps a 

wider range of activities. 

Based on the brief discussion above, what are conspicuously absent from the gamut 

of Clovis site types are primary procurement and manufacturing locales needed to 

evaluate technological strategies employed in the initial reduction sequence (sensu 

Bradley 1991:253) for both blade and biface technology. Reports that do exist are from 

early Paleoindian quarries, quarry/camps, or workshops that are either stratigraphically 

mixed (e.g. Pavo Real, TX, Creel 2003:233-234), disturbed by modern agricultural 

activities (e.g. Adams, KY, Sanders 1990:2; Ready/Lincoln Hills, IL, Morrow 1995:168; 

Shoop, PA, Witthoft 1952:468; Williamson, VA, McCary 1975:51) or subject to 

rangeland practices (e.g. Yellowhawk, TX, Mallouf 1989:86). If Clovis peoples 

preferred high-quality tool stone (Bradley 1991; Stanford 1991) and high-quality lithic 

raw material was readily available across the Edwards Plateau (Banks 1990), then the 

selection of raw material for stone tool manufacture has a logical starting point at a 

quarry locale such as Gault. A complete understanding of Clovis lithic technology 

ultimately depends on understanding quarries where the regional dynamics of 

acquisition and utilization initiated. 

 

A General Overview of Clovis Lithic Technology 

Established in large part on evidence from kill and processing sites of now extinct 

megafauna, early insights concerning Clovis lithic technology were derived mainly from 
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projectile points and bifaces and perhaps less so from associated debitage or edge-

modified tools. The distinctive bifacially flaked, fluted projectile point—recovered from 

kill sites like Blackwater Draw Locality No. 1, NM (Boldurian and Cotter 1999; Hester 

1972), Colby, WY (Frison and Todd 1986), Dent, CO (Figgins 1933), Domebo, OK 

(Leonhardy 1966), Lehner, AZ (Haury et al. 1959), Miami, TX (Sellards 1952), and 

Naco, AZ (Haury et al. 1953)—is the most diagnostic artifact within the Clovis toolkit. 

Based largely on the efforts of Collins (1990, 1999a, 2007; Collins and Lohse 2004), 

it has become evident that blade manufacture also is an additional technological strategy 

in certain regions of the continental United States (Broster and Norton 1993; Dickens 

2005, Ferring 2001; Goodyear and Steffy 2003; Haynes and Huckell 2007; Kilby and 

Huckell 2003; Sanders 1990). Two caches at Blackwater Draw, NM, produced blades 

(Green 1963; Montgomery and Dickenson 1992), as did the Keven Davis cache in Texas 

(Collins 1999a). Blade technology was identified at the Gault (Dickens 2005) and Pavo 

Real (Collins 2003) sites, also located in Texas. Blades and tools made on blades were 

recovered from the kill-associated camp at Murray Springs, AZ (Huckell 2007). Several 

reported Clovis caches on the Southern Plains also have contained blades (Kilby and 

Huckell 2003). 

Choppers, adzes, and the occasional burin have been identified as well in Clovis 

lithic assemblages (G. Haynes 2002; Tankersley 2004). The Clovis toolkit contains a 

variety of unifacial tools such as scrapers, gravers, and knives made on blades and 

flakes. Nonblade flakes selected for modification into tools seem to be byproducts 

of biface manufacture, rather than products of a separate flake-core reduction strategy 
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(Collins 1999a). Endscrapers appear to be a consistently occurring tool form found at 

many Clovis sites in different environmental settings. Less formal tools, flakes or blades 

that are minimally used for scraping or cutting—or that retain minimal use indicators 

because they were utilized on softer worked materials—have been reported from Clovis 

sites, but few usewear studies have been conducted to determine if these are actually 

tools or just pieces of debitage fortuitously altered by taphonomic processes to look like 

tools. 

 

Clovis Blade and Biface Technology 

The two primary reductive strategies currently accepted for Clovis chipped-stone 

industries are projectile point and blade manufacture (Collins 1999b; Sanders 1990). 

Factors related to the production of either include consideration of task constraints and 

mechanics, raw material availability and quality, costs of material acquisition and tool 

production, and socioeconomic limitations driven by mobility, tool transport, and labor 

(Hayden et al. 1996). While they are regarded as separate technological strategies, the 

reductive sequences may be more closely related than previously understood. For 

instance, at the Gault site many of the same manufacturing techniques were employed in 

both blade production and biface reduction to prepare cores, overcome raw material 

flaws, and correct manufacturing errors (Dickens 2005). 

Blade technology refers to the “knowledge, strategy, material, activities, and 

equipment involved in the intentional production of true blades” (Collins 1999a:9). 

Blade technology is considered an efficient means of producing a fairly standardized 
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product that maximizes the total length of cutting edge produced from a piece of 

toolstone (Sheets and Muto 1972). Clovis blades are associated with a prepared core and 

blade technique; that is, there is a specific technology employed to produce a desired 

product—not just a random flake with a length twice its width. Blades are produced 

from cores with a striking platform at one or more ends, sometimes with a crest formed 

on the longitudinal edge of the core that served as a guiding ridge for the removal of the 

first blade. As each blade is detached, the platforms are reformed by the removal of 

overhangs left by the negative bulbs of previously struck blades (Dickens 2005). In 

Clovis blade manufacture, platform rejuvenation was accomplished by the removal of 

core tablet flakes, some of which could remove the entire platform surface with a single 

blow—a phenomenon observable at the Gault site. Wedge-shaped cores are more 

common than conical cores (Dickens 2005). Blades are generally long and curved with 

small, abraded platforms that may or may not be lipped and diffuse bulbs of force 

(Collins 1999a, 2003; Collins and Lohse 2004; Dickens 2005). 

Bifaces—those artifacts flaked on both surfaces to create a single edge—served three 

primary roles for mobile hunter-gatherers: as cores, providing an efficient raw material 

source for flakes with multiple useful edges, as tools constructed for long use-life based 

on edges that can be resharpened, and as tools shaped for preexisting hafts (Kelly 1988, 

but see Bamforth 2003:222 for a thought-provoking counter argument). Over the past 40 

years data from a number of Clovis sites provided the basis for much of our current 

knowledge of Clovis biface technology (Boldurian and Cotter 1999; Bradley 1982; 

Butler 1963; Collins 2003; Ferring 2001; Frison and Bradley 1999; Frison 1982; Frison 

14



and Todd 1986; Gramly 1993; Haury et al. 1953, 1959; Haynes and Huckell 2007; 

Hester 1972; Leonhardy 1966; Sellards 1952; Woods and Titmus 1985; Wilke et al. 

1991). Descriptions of Clovis projectile point technology describe widespread variation 

resulting from differential use of raw material, resharpening, and “idiosyncratic 

behavior” (Stanford 1991:1-2), although “the basic technological processes seem to be 

present” in most regions (Bradley 1991:369-370). Not always produced in a single 

reduction trajectory (e.g. biface reduced from a nodule), Clovis projectile points are also 

manufactured from flakes or blades. Clovis bifaces vary in size and form, depending on 

raw material quality and quantity, as well distance to lithic outcrops. 

 

The Gault Site (41BL323) 

Evidence to date suggests the Gault site was used as a quarry-camp by Clovis inhabitants 

(Collins and Lohse 2004; Collins 2007). The high-quality chert at the site probably was 

collected from the adjacent hills and the proximity to water and access to other 

subsistence resources made the Gault site an ideal location for repeated visits. 

Overall, the lithic assemblage from Gault confirms what is currently understood 

about Clovis lithic technology. Projectile points are produced through the bifacial 

reduction of cores, but also are made on blades or blade-like flakes (Dickens 2005). 

Overshot flake removals and endthinning are common during biface reduction. Blade 

technology is equally represented at Gault during Clovis times; blade cores and blade 

manufacturing rejects are numerous at the site. A diverse assortment of tools were made 

on blades. Usewear evidence has confirmed these pieces are, in fact, tools that were used 
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on a variety of substances including both hard and soft materials, from animals and 

plants alike (Collins 2007; Minchak 2007; Wiederhold 2004; Shoberg 2007). 

 

Ecological Setting 

The Gault site is situated along the Balcones Escarpment at the intersection between the 

Edwards Plateau and the Gulf Coastal Plain (Fenneman 1938). This highly diverse 

boundary, or ecotone, provided a park-like savanna setting with a constant supply of 

fresh water from seep springs. Paleoecological data from a variety of fossil sites on or 

near the Edwards Plateau suggest a more mesic environment during Clovis times with 

mild winters and cool summers (Hafner 1993; Moodie and Devender 1979). Savanna-

grasslands provided long and short-stem grasses for large herbivores such as mammoth, 

bison, and horse. Faunal remains from other Clovis sites testify to the importance of 

smaller environmentally adaptive mammals and reptiles that provided a consistent 

subsistence base (Collins 2007). Preservation of faunal remains is extremely poor at 

Excavation Area 8. Recovery of 5,703 vertebrate specimens and 1,171 invertebrate 

specimens include horse (Equus spp.), bison (Bison spp.), white-tailed deer (Odocoileus 

virginianus), bear (Ursus americanus), coyote (Canis latrans), turtle (Testudinata, 

indet.), and bird (Aves, indet.) (Bartelink and Wiersema 2009). Equus and Testudinata 

were found in the lowest levels of the excavation and were not in association with 

cultural materials. Mammuthus sp. remains were identified at Gault (Timperley et al. 

2003), but not in the Unit 3a or 3b assemblages from the TAMU excavation at Area 8.   
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Locally, the site is situated at the headwaters of Buttermilk Creek, which flows into 

Salado Creek and eventually into the Brazos River. The site geology consists of a 

complex stratigraphy of multiple alluvial units and paleosols interspersed with colluvial 

deposits (Luchsinger 2002:10). 

 

Raw Material Type and Form 

Lithic artifacts are dynamic entities that change size and shape according to their use in 

prehistoric technological systems. The use of high-quality lithic material—in this case a 

locally available variety of Edwards chert—is a defining characteristic of Clovis 

technology (Bradley 1991; Stanford 1991). The Lower Cretaceous Edwards Formation 

of the central Texas Edwards Plateau, composed of limestone and dolomite (Fischer and 

Rodda 1969), provided Clovis hunter-gatherers with cryptocrystalline chert for use in 

stone tool production. Across the Edwards Plateau, chert can vary in thickness from 0.6 

cm seams to 15 cm lenticular beds (Banks 1990; Geno 1976). Raw material exists at the 

site in a form that permits both blade and biface technologies. The variety of Edwards 

chert available onsite is abundant on the hills and slopes surrounding the site and occurs 

in nodular or tabular form. 

 

History of Investigations 
 
The high visibility and richness of archaeological materials at the Gault site has attracted 

artifact collectors for over 80 years (Collins 1998; Collins and Hester 1998). During the 

early years, word of the site reached Professor J. E. Pearce at the University of Texas 
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and limited excavations were conducted at the site in 1929. Pearce's work was confined 

to the Archaic period burned rock midden and no other professional excavations were 

undertaken until 1991 when an avocational archaeologist located engraved cobbles from 

a lower, and potentially Clovis, stratum (Collins et al. 1991, 1992). New owners 

acquired a portion of the site in 1998 and closed the area to the public. When the 

landowners encountered mammoth bones associated with stone tools, they contacted 

Michael Collins and Tom Hester at the Texas Archeological Research Laboratory 

(TARL); limited excavations were conducted in 1998 under the auspices of TARL and 

the Vertebrate Paleontology Laboratory at the University of Texas, Austin. 

Asked to join the project in 1999, a team of professors and students from TAMU 

excavated 22 1-m2 units in the spring of 2000 (Figure 3). Two separate Clovis strata 

were identified. The lower unit, 3a, represents a ponding episode and is composed of 

clay. The upper floodplain deposits, Unit 3b, are composed of silty clay. In total, 4.04 m3 

was excavated in Unit 3a and 3.55 m3 in Unit 3b (Pevny and Carlson 2007). To further 

define the Clovis strata, TAMU revisited the site in the summer of 2001 and expanded 

the block excavation units; the results of those investigations are still underway. 

Analyses of the original block excavation resulted in the completion of six 

dissertations or theses, four of which demonstrate Clovis people used Excavation Area 8 

for retooling and limited camping activities (Dickens 2005; Minchak 2007; Smallwood 

2006; Wiederhold 2004). The other two confirm the artifact assemblage exists in two 

separate geologic strata with little post-depositional movement (Alexander 2008; 

Luchsinger 2002). 
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Figure 3. Map of units and trench excavated by Texas A&M University (2000-2001) and 
University of Texas at Excavation Area 8. Map by Joshua L. Keene
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Post-Clovis Occupations at Excavation Area 8 

Directly above the Clovis Unit 3b sediments lies Unit 4 (Figure 2), which was deposited 

during overbank flooding from Buttermilk Creek. This unit represents approximately 

4000 years of continuous deposition and there were no discernable boundaries within 

this unit that could be used to separate non-diagnostic cultural materials (e.g. debitage). 

The lower portion, Unit 4b (Bk2), contained one Folsom point, and slightly above the 

Folsom was a Midland projectile point. Angostura projectile points were found in the 

upper part of the deposit and are typically dated between 10,000 and 9000 cal yr B.P. 

(Collins 2004).  

The upper portion of Unit 4, Unit 4c (Bk1) or the Royalty Paleosol (Nordt 1992), 

contained Gower, Hoxie, and Uvalde projectile points diagnostic of the Early Archaic in 

Texas (ca. 10,000 to 7,000 cal yr B.P.; Collins 2004). Unit 5b (overbank) contains 

Gower, Uvalde, and Hoxie points as well. These sediments also were deposited during 

overbank flooding from Buttermilk Creek. 

Debitage recovered from Unit 3 is considered Clovis in age. While Folsom is 

generally thought of as Early Paleoindian, I collectively refer to all the lithic materials 

recovered from Unit 4b as post-Clovis Paleoindian. The lithic debitage recovered from 

Unit 4c (Bk1) is considered Early Archaic. 

  

Organization of Dissertation 

Chapter II presents the results of the debitage analysis in the context of what is currently 

known about Clovis biface reduction and associated debitage. Chapter III provides the 
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results of the edge-modified analysis within a framework of microwear research, past 

attempts to distinguish between naturally and culturally modified lithic materials, and 

the methods employed in microwear analysis. Chapter IV contains a summary of these 

two chapters and an examination of what purpose Excavation Area 8 served at the Gault  

site in Clovis times. 
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CHAPTER II 

THE NATURE OF CLOVIS  

DEBITAGE AT EXCAVATION AREA 8 

 

The objective of this chapter is to describe the nature and variability of Clovis debitage 

as represented at Excavation Area 8 in respect to the current understanding of Clovis 

reduction strategies and debitage. The lithic assemblage recovered from Excavation Area 

8 offers a first chance to examine a collection from a south-central quarry/camp site with 

two stratigraphically separate Clovis components both of which produced evidence of 

blade manufacture and biface reduction. Materials from the Early Archaic and post-

Clovis Paleoindian levels are incorporated for comparison to determine if technological 

changes occurred through time. Technologically, the debitage is used to address three 

primary questions in this chapter: 1) Are there readily identifiable differences between 

the debitage from the Clovis Unit 3a and Unit 3b deposits?; 2) How does the Early 

Archaic and post-Clovis Paleoindian debitage compare individually to the combined 

Clovis assemblage?; and 3) Are there technological changes evident from Clovis to post-

Clovis Paleoindian times and from the post-Clovis Paleoindian to the Early Archaic 

periods? 

Although this investigation includes true blades and types of debitage clearly related 

to blade manufacture, such as core tablet flakes, Dickens (2005) characterized the 

technological aspects of the blade assemblage from Excavation Area 8. The primary 

focus of this study is the non-blade portion of the debitage assemblage greater than 2.54 
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cm in size. Table 1 provides a summary of all recovered debitage. In total, 113,521 

pieces of debitage were analyzed; this includes 6377 flakes, flake fragments and pieces 

of angular debris approximately 2.54 cm or greater in size examined at the attribute level 

and 107,144 pieces smaller than 2.54 cm in size subjected to aggregate analysis. This 

smaller debitage is related to tool manufacture and maintenance; there are also tool 

fragments in this sample. A total of 13,156 pieces of debitage recovered from the 2001 

excavations is not considered at this time though it was analyzed. An admixture of 

13,757 specimens was excluded because it was recovered from the 5 to 10 cm thick 

transition zone between strata where archaeological materials may be mixed. A single 

flake was collected from the surface of Excavation Area 8 before excavations began and 

it is not included in the current analysis. 

 

Table 1. Frequencies and percentages for all analyzed debitage. 
  Macrodebitage % Microdebitage % Total %  

Early Archaic 625 2.99 20261 97.01 20886 18.40 
post-Clovis 
Paleoindian 248 4.71 5019 95.29 5267 4.64 

Clovis 3b 991 5.45 17188 94.55 18179 16.01 
Clovis 3a 2384 5.64 39892 94.36 42276 37.24 
Mixed & 

Surface 799 5.81 12958 94.19 13757 12.12 
2001 

Excavations 1330 10.11 11826 89.89 13156 11.59 
Total 6377 5.62 107144 94.38 113521 100.00 
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Theoretical Context and Analytical Limitations of Debitage Studies 

Debitage is the debris created during the production of stone tools, the resharpening and 

maintenance of bifacial and unifacial implements, and the maintenance or rejuvenation 

of cores (Andrefsky 1998). As used in this study, the term debitage refers to flakes, flake 

fragments, and shatter—in the “Americanized” version of the word that denotes the 

debris generated by knapping (Marois et al. 1997:31-32 in Masson 1998:683). Though 

cores could be considered part of the debitage assemblage, blade and bifacial cores were 

analyzed previously (Dickens 2005) and are not included in the current study. Debitage 

frequently constitutes up to 95 percent of a lithic assemblage and analysis of flaking 

debris is employed to determine the original form of lithic raw materials, to differentiate 

between stages of tool manufacture, to distinguish core reduction from tool production, 

to discriminate between assemblages of different chronological periods, and to ascertain 

site type (Odell 2003). In the past, debitage was considered “little more than 

uninformative waste” (Larson 2004:3); however, two recent edited volumes on debitage 

(Andrefsky 2001; Hall and Larson 2004) serve as a reflection of changing perceptions in 

the new millennia. 

Today researchers use controlled experiments to explore the parameters associated 

with debitage morphological variability, often in conjunction with aggregate and 

technological analyses (e.g. Root 2004). “Multiple lines of evidence” (Bradbury 1998; 

Carr and Bradbury 2001; Bradbury and Carr 2004) combine two or more analytical 

techniques to strengthen interpretations and to serve as “internal checks to reliability” 

(Magne 2001:23). While large debitage sets should include both aggregate analysis and 
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individual flake analysis to reliably explain variation, aggregate analysis is not used in 

the current study to characterize the technological aspects of the assemblage, but is 

employed instead to understand Excavation Area 8 from a contextual and spatial 

standpoint. Individual attributes were recorded for 4248 flakes and flake fragments—

3375 of which originated from the Clovis components—and it was felt that the data 

derived from aggregate analysis would better serve ongoing spatial investigations 

(Waters et al. 2009). The attribute study serves as a secondary line of evidence to 

Dickens’ (2005) technological analysis of bifaces, blades, blade cores, and a select 

sample of flakes from Excavation Area 8.  

The foundation of debitage studies rests on the premise that stone tool manufacture is 

a reductive process and, therefore, can be modeled into stages (Holmes 1894; Collins 

1975), though these stages occurred along a continuum. Lithic reduction refers to the 

mechanical processes used to produce lithic tools and their byproducts. The term 

reduction is used because the methods involved in knapping stone are subtractive and 

take away from the original form of the lithic raw material.  A reduction sequence, or 

trajectory, is a series of behavioral steps or stages undertaken by the prehistoric artisan to 

create a lithic product from raw materials. In reference to Clovis lithic technology, these 

products may include bifaces, blades and large flakes. Hypothetically, a biface may be 

used as an implement in tasks such as processing game, it can be further reduced into a 

projectile point, or it can become a core for the manufacture of flakes (Kelly 1988). 

Blades and flakes can be used in activities such as cutting, scraping, and drilling with or 

without additional modification. 
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No absolute method for the inference of lithic reduction trajectories is known at this 

time. The absence of such a method reflects the fact that all the products and byproducts 

of a particular trajectory rarely are found in association at the same site. In fact, implicit 

in the notion of linear trajectories is the possibility that different stages occur at different 

locations. The complete description of a reduction sequence depends upon knowledge of 

contemporary lithic assemblages at various site types in a region such as quarry, 

workshop, and habitation sites, among others. Thus, if certain products or byproducts of 

a reduction sequence are rare or non-existent at a quarry site, they may be observed at 

sites elsewhere in the region. Conversely, chipped stone tools and flakes removed from a 

site for further reduction or use at different locales affect interpretations of what remains 

at that site. 

Reduction generally begins at a quarry with initial removal of cortical material; what 

was left at the quarry by the prehistoric knapper (e.g. types of debitage and other debris, 

hammerstones, etc.) can provide important information on what was reduced or 

produced at a site. The intended product and skill of the knapper affect reduction 

sequences and technological differences through time. Raw material form, availability 

and quality, as well as distance to a quarry and the quarry’s distance to other critical 

resources also contribute to variation (Andrefsky 1994; Bamforth 1991; Johnson and 

Morrow 1987; Shafer 1993). For example, on the island of Santa Cruz off the southern 

coast of California, Arnold (1987) observed that when the quarry was located away from 

resources such as potable water, less investment was put into preparing cores for blade 

removals thereby minimizing time spent at the quarry. However, when the quarry source 
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was in close proximity to important subsistence resources, but further away from raw 

material outcrops, core preparation (in this case, cresting of ridges) was more evident. 

 

Fracture Mechanics 

The field of fracture mechanics provides the basis for describing flake formation in 

brittle materials (Cotterell and Kamminga 1979:97). These materials include lithic 

toolstone, such as cryptocrystalline chert, of which abundant high quality varieties were 

available on the Edwards Plateau to Clovis people and later groups. Three important 

properties typify cryptocrystalline lithic materials: brittleness, elasticity and 

homogeneity (Whittaker 1994:11-14). These characteristics not only influence the way 

in which material fractures, but also make stone highly desirable for the production of 

tools. 

Brittleness refers to how easily lithic material will fracture; stone is bent or 

compressed to a certain degree before exceeding its tensile strength and breaking. 

Elasticity is the property that enables stone to return to its original shape upon removal 

of a force. Because of elasticity, when an indentor or percussor contacts the platform of a 

core, the surface bends or becomes deformed; fracture initiates when the force of the 

percussor exceeds the limits—or brittleness—of the surface. In other words, the material 

must be brittle enough to fracture, but elastic enough not to shatter into small, unusable 

fragments. Finally, toolstone should be homogenous and isotropic, usually with high 

silica content (Cotterell and Kamminga 1987:677-678); flaws or cracks in the material 

often result in manufacturing errors and yield unpredictable results in terms of fracture. 
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For the lithic analyst describing tool production or use the sum of these 

characteristics are expressed in the formation of a flake (Figure 4). The telltale ‘ring 

crack’ or point of impact on the flake platform continues on the interior surface as a 

partial Hertzian cone, referred to as a bulb of force or bulb of percussion (Cotterell and 

Kamminga 1979:102). This type of flake removal, termed conchoidal fracture, is caused 

by compressive stresses on the material and differs from bending fracture, which 

initiates away from the point of impact when tensile stress reaches a critical juncture. 

Bending initiation often produces a characteristically lipped platform and the bulb of 

force is usually diffuse.  

The load rate of a percussor or hammerstone is influenced by the activity undertaken 

and in tool production, a harder percussor such as a quartzite hammerstone will load 

differently than a softer percussor such as antler, bone and wood. That is, different 

percussors produce different bearing stresses and determine how raw material fractures 

(Tsirk 1979). Soft hammers compress slightly and have a wider contact area than harder 

hammers (Whittaker 1994:189). Hard-hammer percussion tends to generate flakes with 

wide, thick platforms that are usually cortical or unfaceted, unprepared, and unlipped 

with pronounced bulbs of force. Softer billets such as wood, antler or bone typically 

produce curved flakes that are longer and thinner with smaller faceted, abraded and 

lipped platforms and bulb of force on the interior surface is often diffuse. While the 

percussor influences the type of flake removed from the core, this is not a strict rule. 

Individual knapper skill and raw material characteristics influence flake removal, but are  

28



Exterior Interior

Proximal

Distal

Pronounced 
Bulb of Force

Cortex

Medial

Previous Flake
Scar Removals 

Diffuse 
Bulb of Force

Abraded 
Platform

Platform Width

Platform Thickness

Platform

Termination

Lateral

Proximal end tapers 
to an isolated platform

Figure 4. Flake attributes and morphological characteristics discussed in text. The upper 
flake is a cortical normal flake (AM327-J). The lower flake is a noncortical biface thinning 
flake (AM392-I4). Flake illustrations by Joshua L. Keene.
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difficult to address with archaeological collections. Experimental data support 

conclusions concerning variability related to percussor type (Cotterell and Kamminga 

1987; Magne 1985); however, analyses at the assemblage level generally provide the 

quantity of flakes needed to differentiate between manufacturing techniques (Whittaker 

1994:187). 

In reference to Excavation Area 8, the two removal types are linked to different 

intervals in either the blade or biface reduction trajectories; early flake removals are 

accomplished with harder percussors and later stages with relatively softer hammers. 

This conclusion is strengthened by examination of attributes such as platform 

preparation techniques, the amount of exterior cortex, and exterior flake scar counts and 

patterns. As discussed further below, confusion between the two—or technological 

overlap—occurs because “soft” percussors can actually be quite hard; conversely, softer 

“hard” hammers can produce signatures typical of soft-hammer percussion. Collins 

(2003:179) notes this in relation to blade production, Dickens (2005:90-92) suggests the 

use of soft limestone hammers within Excavation Area 8, and Verrey (1986:371-372) 

observed mixed attributes on debitage at the Thunderbird site, VA, where soft sandstone 

percussors were recovered as well as harder quartzite and greenstone hammers. 

 

Models of Clovis Reductive Technologies and the Current Understanding of Clovis 

Debitage 

Until recently, most inferences concerning Clovis debitage associated with bifacial 

technology were generated based on assemblages from kill and processing localities 
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such as Blackwater Draw, NM (Hester 1972; Sellards 1952; Boldurian and Cotter 1999) 

and Murray Springs, AZ (Haynes and Huckell 2007) or campsites like Sheaman, WY 

(Bradley 1982; Frison and Stanford 1982). Bifaces and flakes recovered from cache sites 

including Anzick, MT (Jones and Bonnichsen 1994; Taylor 1969, Wilke et al. 1991), 

Busse, (Hofman 1995), or East Wenatchee,WA (Gramly 1993; Lyman et al. 1998; 

Mehringer 1988) also provided invaluable observations on Clovis bifacial technology. 

Debitage from specialized processing and camp sites—such as Aubrey, TX (Ferring 

2001) or Shawnee Minisink, PA (Marshall 1981, 1985)—includes fewer flakes and flake 

fragments related to biface reduction and more debitage related to the production and 

maintenance of unifacial implements or bifacial tool maintenance.  

Based largely on the efforts of Collins (1990, 1999a, 1999b, 2003, 2007; Collins and 

Lohse 2004), it has become evident that blade manufacture also is an important 

component of Clovis technology in certain regions of the continental United States 

(Broster and Norton 1993; Dickens 2005, Ferring 2001; Goodyear and Steffy 2003; 

Haynes and Huckell 2007; Sanders 1990). Clovis blades may be as diagnostic of the 

Clovis era as projectile points (Collins 1999a:182). Blade caches, first identified more 

than 40 years ago, have played a preeminent role in defining the technological attributes 

of Clovis blades. Blades and blade tools were identified at Blackwater Draw in two 

separate caches (Green 1963; Montgomery and Dickenson 1992), as well as within other 

areas of the site (Hester 1972) and provided the first indication that blade technology 

was a component of Clovis reductive strategies. The recent focus on intercache 

variability demonstrates that Clovis caches from the southern plains region are 

31



comprised mainly of blades and blade cores produced chiefly from Edwards chert (Kilby 

and Huckell 2003). 

Missing from Clovis site types are primary manufacturing locales needed to evaluate 

technological strategies employed in the initial reduction sequence (sensu Bradley 

1991:253) of both blades and bifaces. Reports that do exist from early Paleoindian 

quarry/camps or workshops are either stratigraphically mixed (Pavo Real Creel 

2003:233-234), disturbed by modern agricultural activities (Adams, KY, Sanders 

1990:2; Ready/Lincoln Hills, IL, Morrow 1995:168; Shoop, PA, Witthoft 1952:468; 

Williamson, VA, McCary 1975:51) or subject to rangeland practices (Yellowhawk, TX, 

Mallouf 1989:86). The Thunderbird site is an exception, but there is some question about 

whether it is actually a Clovis site (Dennis Stanford, personal communication). 

This review of Clovis reductive models and current descriptions of Clovis debitage 

centers on existing descriptions of flakes (not including blades), but detailed qualitative 

data are lacking at this time. To date, assessment of Clovis debitage has been inferred 

mainly from sites lacking a representative sample of the complete or nearly complete 

projectile point manufacturing sequence. Debitage is, of course, intrinsically related to 

the objective pieces from which it is removed (e.g. bifaces or biface cores, in this case) 

and so descriptions of Clovis biface reduction are incorporated as well. The majority of 

this discussion centers on materials from stratigraphically intact sites, analyses that 

specifically address Clovis debitage, and models describing early reduction activities 

(before a recognizable preform shape is achieved), as well as the products or byproducts 

of biface reduction. Collins (1999a, 2003, 2007), Collins and Lohse (2004), and Dickens 
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(2005, 2007) provide the most current research on Clovis blade technology, particularly 

in reference to the Gault site. 

The earliest effort to incorporate debitage into a meaningful analysis was conducted 

by Wilmsen (1970) who utilized metric data and platform characteristics to compare 

eight Paleoindian sites, including materials from Blackwater Draw Locality Number 1, 

NM. While based on sites and assemblages that are chronologically and environmentally 

diverse—some of which originate from questionable contexts—Wilmsen’s overall 

observations concerning the general nature of debitage were insightful and served as a 

foundation for later Paleoindian debitage studies. In particular, he noted “striking 

platform architecture is of fundamental importance in predetermining at least some flake 

form characteristics” (Wilmsen 1970:67). He suggested that flake dimension is related 

both to raw material and platform size and that platform thickness plays a determining 

role in flake thickness, width and length. 

Debitage recovered from Blackwater Draw Locality No. 1, NM—the Clovis type-

site—includes percussion removals of irregular, rectangular, expanding or ovate flake 

forms with unfaceted platforms (Hester 1972:94, 97). Termed primary flakes (Hester 

1972:88), the exterior surfaces show evidence of previous removals and constitute the 

majority of the debitage assemblage. The size of complete specimens ranged from 0.51 

to 5.59 cm in length and 0.25 to 4.57 cm in width, although few unutilized flakes were 

larger than 2.54 cm (Figure 87, Hester 1972:95). The size data for edge-modified tools, 

presented in the same figure, demonstrates that larger flakes, detached using hard and 

soft hammer percussion, were selected for use; 53.5 percent of primary flakes and flake 
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fragments were reported to have evidence of use although no formal usewear study was 

conducted.  

Several years later, Callahan (1979) published his seminal monograph 

experimentally exploring Clovis biface reduction techniques and associated byproducts. 

Curious about the variation seen between Clovis projectile points—described as 

“different value systems executed in stone” (Callahan 1979:3)—as well as the 

technological aspects of Virginia’s fluted point tradition he personally observed at sites 

like Thunderbird and Williamson, Callahan replicated 1000 Clovis bifaces in a mere six 

years (an average of 166.67/year). Based on changes in percussor-type and flaking 

methods seen in his experimental work, he devised a classification system composed of 

nine lithic reduction stages. Although his study was geared towards the description of 

bifaces and the definition of recognizable stages associated with their reduction, he 

included discussion and illustrations of associated initial large debitage such as overshot 

flakes and blade-like flakes, smaller flakes produced during later stages of reduction 

(e.g. Stages 2 to 4), and descriptions of flake attributes and flaking patterns produced 

during biface reduction (Callahan 1979:30-31, Table 10).  

 Callahan (1979:40) suggested debitage associated with Clovis biface reduction may 

have diagnostic characteristics of different stages of manufacture and that quarry 

assemblages provided a logical starting point to examine this issue. In reference to 

platform preparation, Callahan (1979:34, Tables 11c and d) discusses a number of 

variables related to platform placement and preparation and how the use—or misuse—of 

preparation techniques influences the resulting flake removal. When used correctly, 
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methods of platform preparation such as edge abrasion (Callahan’s sharpness of edge), 

isolation, platform location and platform angle ensure successful flake detachment and 

influence the formation of lipped platforms and bulbs of force. Equally important is the 

thickness of the bifacial edge, the degree of curvature of the biface surface, the striking 

angle of the blow, and the knapper’s ability to accurately aim at a given platform. While 

not every platform-related attribute presented by Callahan was recorded for the current 

study (e.g. platform angle), variables such as platform abrasion and isolation bear further 

discussion. 

Abrasion, also referred to as grinding, is used to strengthen or thicken a platform and 

to create a textured surface where increased friction allows better contact between the 

percussor and the platform. If a bifacial edge is not abraded enough, the edge may 

collapse or a smaller flake than desired may be produced. If overly abraded, the 

percussor may be deflected from the platform surface resulting in failed flaked 

detachment. Isolation sets the platform apart from the adjacent portions of the bifacial 

margin providing a more precise target for a hammerstone or billet and thereby 

decreasing the chance of breaking the biface. Morrow (1995) suggests that Clovis 

knappers mitigated the risk of biface fracture by using well-isolated platforms. Excessive 

platform isolation can yield an overly narrow flake with little mass, while lack of 

isolation generally produces a shorter, wider flake terminating in hinge fracture.  

Drawing on extensive experience acquired working at Clovis sites, analysis of Clovis 

bifaces from the Fenn cache (Frison and Bradley 1999) and debitage from the Sheaman 

campsite in Wyoming (Bradley 1982)—as well as replicative experiments geared 
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towards understanding Clovis biface reduction (Henry et al. 1976)—Bruce Bradley 

(1991:254) has suggested flakes related to Clovis biface reduction have readily 

identifiable characteristics. Diagnostic traits of percussion biface thinning flakes relate to 

platform preparation and morphology, flake termination type and exterior flake scar 

patterns. Earlier in the reduction sequence platforms are wide, straight, faceted, isolated 

and often heavily abraded (Bradley 1991:254). Flakes are rectangular with parallel 

margins, exhibit minimal exterior flake scars originating from both bifacial margins, and 

the distal ends may include a portion of the opposite biface margin (e.g. an overshot 

termination). Exterior flake scar counts are low. 

Based on analysis of refitted debitage from the Sheaman site (the Clovis level 

produced a single biface), Bradley (1982:207) identified two sequences of flake 

detachment. Flake removal strategies were characterized as either alternate opposed 

biface thinning (AOBT)—where initial thinning and shaping was accomplished through 

the removal of large, single flakes from the same face, but from alternate lateral margins. 

Platforms were individually prepared. AOBT “seems to constitute a specifically Clovis 

biface production process” (Bradley 1982:207), where large flakes are detached across 

the face almost to the opposite margin or completely across, ending in an overshot 

termination. Opposed diving biface thinning (ODBT), used further along in the reduction 

trajectory, consists of flake removals from the same face and margin terminating in 

intentional hinge-fractures at the biface midline. Hinge terminations remove more 

material at the midline than a thinner feather termination (Kooyman 2000:109). These 

36



stacked arrays were then detached from the opposite margin on the same face. Platform 

treatment is not described for this method.  

Bifaces, debitage and refits recovered from the kill and associated camp areas at the 

Murray Springs site in southeastern Arizona (Haynes and Huckell 2007) provide 

evidence of a similar reductive trajectory. A total of 42 of the 48 debitage clusters were 

interpreted as the result of bifacial retouch. In general, these clusters were represented by 

thin, longitudinally curved flakes with have expanding lateral margins; platforms are 

faceted and abraded with pronounced lipping (Huckell 2007:189). The flake removal 

strategy for primary bifaces (Huckell 2007:191-193) approximates Bradley’s (1982:207) 

AOBT method and is defined by selective removal of large, single flake detachments—

up to 60 mm long and 50 mm wide—that frequently terminate beyond the biface 

midline, sometimes in overshot fracture. This type of overface flaking was employed to 

remove material flaws, as well as cortex, and to quickly thin a biface with minimal loss 

in width and length. Platforms were prepared, isolated, and heavily abraded and flakes 

were probably detached using a more substantial antler or bone hammer.  

Secondary bifaces exhibit smaller flake removals used to evenly thin bifaces so that 

they are slightly convex and uniform in cross section (Huckell 2007:193). Smaller flakes 

were detached in closely spaced, often-serial groups—in a similar fashion to ODBT 

(Bradley 1982:207) and ranged in size from 20 to 40 mm in length and 10 to 25 mm in 

width. In general, these smaller removals do not extend far past the biface midline. 

Surprisingly, platforms abrasion is less well represented. Not specifically stated, the 

implication seems to be that abrasion is not necessary because the indentor is smaller 

37



and lighter in size and the serial removal of smaller flakes—versus one large flake—

compensates for the omission of a technique previously relied upon. “Two or three 

flakes do the job of a single large one and in a slightly more controlled fashion” (Huckell 

2007:193), probably because there is less chance of breaking the biface at a point late in 

the reduction sequence. In certain circumstances (e.g. biface is too thick), Clovis 

knappers would revert to the primary thinning technique to remove additional large 

flakes until the desired thickness was achieved. Endthinning was used when necessary to 

longitudinally thin bifaces and remove problematic areas (Huckell 2007:192). 

Though not developed in reference to Clovis assemblages, Collins (1974) provided 

one of the earliest linear reductive models describing the process through which raw 

material becomes a finished product: 1) raw material acquisition, 2) core preparation and 

initial reduction, 3) primary trimming (optional), 4) secondary trimming and shaping 

(optional), and 5) maintenance and modification (optional). While admitting the model is 

etic in nature and conveniently divided into a series of steps, he also proposes that 

debitage is particularly suited to this type of analysis (Collins 1975:16-17). This model 

has been used in reference to Clovis or possible Clovis sites such as Pavo Real, Kincaid 

rock shelter, and Wilson Leonard—all situated in Texas. Initial reduction is 

characterized by the presence of large, blade-like flakes with straight profiles (Collins 

2003:15). Blade-like flakes are large, relatively straight, with one or more exterior 

ridges, and often twice as long as they are wide (Collins 1999a:32). These flakes are 

detached from large cores using direct percussion. Platforms are minimally prepared—a 

simply flaked beveled edge—with no abrasion (Collins 1990:73-74, 1999a:17-21). 
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Biface thinning flakes extend over the biface midline; overshot terminations occur as 

well. Except for the final shaping of a biface, flakes are removed through direct 

percussion. 

Like Bradley, Collins (2003:16) offers that biface thinning flakes with prepared 

platforms—often strongly isolated and abraded—pronounced curvature, and frequent 

termination beyond the biface midline are diagnostic Clovis thinning attributes. 

However, during analysis of debitage from the Pavo Real site, TX, it was found that, 

with the exception of products and byproducts of blade manufacture, very few pieces of 

diagnostic debitage could be confidently recognized in order to separate the Folsom and 

Clovis materials (Collins 2003:90-91). Debitage-wise, large biface thinning or overshot 

flakes were remarkably few in number—“This classic signature of Clovis knapping is 

almost entirely lacking at Pavo Real” (Collins 2003:186). It was suggested that internal 

fractures and inclusions were often difficult to overcome during manufacture and that 

the quality of the locally available Pavo Real Variety of Edwards chert (PRVEC) 

accounted for the “homogenization” (Collins 2003:91) of the debitage assemblage. 

 Verrey’s (1986) comprehensive study of bifaces and debitage from discrete chipping 

clusters in Area 1B at the Thunderbird site determined that manufacture centered on the 

production of projectile points as well as bifacial cores to serve as portable sources of 

raw material. Tabular or nodular forms of jasper, located across the South Fork of the 

Shenandoah River, were preliminarily reduced on the south side of the river and then 

transported to Thunderbird (Verrey 1986:40). Very little cortex was noted on either 

bifaces or debitage (Verrey 1986:101, 259). In the earlier stages of manufacture, bifaces 
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were thinned through direct percussion using hard, soft or softer hard indentors; soft 

hammer percussion and pressure flaking were used for late stage bifaces (Verrey 

1986:99-100). Debitage was related predominately to biface thinning; in general, 

platforms were multifaceted, isolated and abraded. Mention of overshot or endthinning 

flakes is conspicuously absent, nor were blades reported, although there seems to have 

been abundant, high quality material. 

An ancillary objective of Verrey’s study was to determine if Callahan’s stage 

concept was, in fact, an appropriate model with “meaningful stopping points in the 

reduction strategy” (Verrey 1986:81). Bifaces were grouped preliminarily into two 

categories based on observable differences in flaking technique (hard vs. soft hammer): 

early stage rejects (Callahan’s Stages 1 to 4) and late stage rejects (Callahan’s Stages 5-

9). Early stage bifaces showed greater variability within metric data, as well as nominal 

categories; diversity was attributed to less standardization during early stages of 

manufacture (Verrey 1986:101). Using a width-to-thickness ratio and average edge 

angle, Verrey found no absolute distinction that argued for stages. However, when flake 

scar averages were considered, three different groups were indicated (e.g. Stages 2, 3 

and 4) leading Verrey (1986:118) to conclude that stages did exist.  

Dickens’ recent study of Clovis bifaces, blade cores, blades and a sample of related 

debitage from Excavation Area 8 relies on Sanders’ (1990:23) stage model, which is a 

modified version of Callahan’s (1979). Dickens found no observable differences in the 

technological traits between the early and late Clovis components. No bifaces that could 

be categorized as Stage 0 or 1 were recovered from Excavation Area 8, but all 
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subsequent stages were represented. Refits of cortical overshot flakes (Figure 6, Dickens 

2005:36) and analysis of large cortical flakes and blade-like flakes demonstrated that 

during the initial reduction process, cortical platforms and a unidirectional exterior flake 

scar pattern, as well as single faceted platforms with bidirectional or radial flaking 

patterns, were predominate. In this earliest reductive stage, cortical blades—what 

Dickens (2005:166-172) terms corner-removal blades—are generated by lateral thinning 

and the removal of corners from tabular cores of Edwards chert. These byproducts 

cannot be confidently assigned to either the blade or the biface trajectory (Dickens 

2005:247, 256). This has been noted for other portions of the Gault site as well (Collins 

2007:67; Collins and Lohse 2004:177-178). 

Cortex in lesser quantities is still present on Stage 2 bifaces. While the overshot 

flaking technique is utilized, most flake removals terminate at or just past the biface 

midline. Lateral overshot flake removals occur more frequently than endthinning 

detachments oriented down the long axis of the biface. The endthinning technique debuts 

during this reductive stage and was used to quickly thin the midline area or lateral edges, 

as well as to remove problematic areas caused by previous hinge or step fracture 

terminations at the midline (Dickens 2005:46-47; 2007:79). In general, endthinning 

flakes exhibit single faceted and multifaceted platforms. Platform isolation and abrasion 

appear and bulbs of force are pronounced. Large, blade-like flakes continue to be 

detached as well. Overall, flake scar removals produced unidirectional, bidirectional, and 

radial flaking patterns. 
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 Stage 3 bifaces display evidence of the predominant use of endthinning and fewer 

overshot flake removals. Blade-like flake detachments are used to remove corners and 

edges and bifacial outlines become more sinuous. Residual cortical material is still 

present. Radial flake scar patterns on exterior surfaces prevail due to a marked increase 

in platform preparation (Dickens 2005:54). Platforms are multifaceted and abraded with 

some isolation, with an accompanying increase in platform preparation evident in 

smaller flake removals from bifacial edges. Flakes still have pronounced bulb of force. 

While in general the same flaking pattern continues on Stage 4 bifaces, evidence of 

overshot flake removals again increase with a corresponding decrease in the use of 

endthinning removals. Large flake detachments are still evident, but smaller flake 

removals become prevalent with regularization of the biface edge and increased platform 

preparation. Abraded edges are more common as well.   

The discussion above attests to the many ways that Clovis lithic reduction can be 

modeled. A bipartite partition is used to categorize bifaces in the Southwest (Bradley 

1982, Hester 1972, Huckell 2007), while a model using more divisions tends to be 

employed in the eastern United States (e.g. McAvoy and McAvoy 1997; Morrow 1995; 

Sanders 1990; Smallwood et al. 2008). Site type may be a determinant in the formation 

of early models. In terms of Clovis reduction strategies, bifacial implements at Clovis 

sites in the southwest—kills and associated camps—may have arrived in a reduced form. 

Availability, quality, form and size of raw material would factor in as well. 

As recently discussed by other researchers (Bradbury and Carr 1999; Ingbar et al. 

1989), reduction may be more realistically modeled in continuous terms rather than strict 
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stages and serve as a heuristic device for the lithic analyst. Paleoindian lithic analysts 

routinely employ divisions to categorize bifaces and debitage and they acknowledge that 

the reduction process, in reality, probably proceeded along a continuum (Huckell 

2007:193; Shott 1994). While the reduction process can be viewed as a continuum, this 

does not mean that all points along the continuum occurred at the same location. While 

further exploration of the debitage from Excavation Area 8 using a continuum approach 

would be a worthwhile direction for future research, the goal of this study is to assess the 

similarities and differences between the two Clovis strata and to compare the 

characteristics of Clovis debitage to materials from the post-Clovis Paleoindian and 

Early Archaic components to see what, if any, changes occur through time. Therefore, I 

rely on Collins’ (1974) generalized model; it is fairly adaptable, suited for variation seen 

at quarry sites—particularly in relation to debitage—and most lithic analysts are familiar 

with it. Relative amounts of remaining cortex and platform preparation techniques were 

attributes used to assign flakes to points along the reduction trajectory. By excluding 

smaller debitage, I have truncated the sequence of reduction and eliminated some flakes 

produced during primary trimming and most flakes related to secondary trimming. 

To summarize, at kill sites two sequences of reduction have been proposed. In the 

earliest, the selective removal of individual flakes through direct percussion was used to 

rapidly thin bifaces and produce large flakes that, in turn, could be used as tools 

themselves. Overshot terminations are not uncommon. Platforms were relatively small, 

isolated, transversely prepared, and abraded. Platform abrasion occurred on exterior 

edges, but more invasive grinding across the entire platform surface happens as well. 
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Extensive platform preparation relates to ensuring successful removals. The second 

sequence involves the removal of smaller flakes probably with a lighter percussor. Less 

platform preparation is noted in some instances. At quarry/camps or workshops, direct 

percussion is employed to detach large flakes during initial decortication; relatively 

softer indentors are used further along in the trajectory. In the south-central region of the 

country, blade-like flakes, endthinning flakes, and overshot flakes are frequently 

identified. Platform preparation increases as reduction progresses; in its advanced state, 

it is represented by well-isolated and abraded platforms. 

 

Analytical Methods 

It quickly became evident during the TAMU excavations that the amount of artifactual 

material from the Clovis strata was much greater than anticipated. A research strategy 

that incorporates two approaches—typological and aggregate analyses—was chosen to 

facilitate the study of approximately 113,521 pieces of debitage from the Early Archaic, 

post-Clovis Paleoindian, and Clovis levels (Table 1). Although all debitage was 

analyzed, the focus of this chapter is the material recovered during the 2000 field season 

from the Clovis Unit 3a (n=2,384) and Unit 3b (n=991) strata, excluding the 

microdebitage and any mixed materials from the interface between the two strata. 

Potentially edge-modified pieces were removed for later study and are not included in 

these frequencies. While some portions of the debitage assemblage were analyzed 

previously, I examined each of the blades, core tablet and overshot flakes to collect data 
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for the current study. A better understanding of flake removal patterns and knapping 

errors was derived from an informal examination of bifaces and blade cores. 

With typological classification—also referred to as individual attribute analysis—

each flake or flake fragment is analyzed and then grouped into a technological or 

functional category based on a suite of attributes (Andrefsky 2001:6; Root 2004:71-77), 

it is a time-consuming process and best applied to a subset of data. However, typological 

analysis is advantageous in the sense that an “…immediate behavioral inference [is] 

gained from recognition of a single piece of debitage…The realization that an individual 

flake contains significant behavioral information is a powerful argument for using 

debitage typological analysis” (Andrefsky 2001:6).  

The size parameters set for individual attribute analysis limits the sample to pieces of 

macrodebitage greater than or equal to 2.54 cm. Provenience information was collected 

for each specimen and included the field sack number and, when applicable, a subsack 

designation, which were assigned to artifacts piece-plotted during excavation. Within a 

given 1 x 1 m excavation unit, analysis began with the Clovis Unit 3a component and 

proceeded upward to the Early Archaic levels; analysis then shifted to another unit. With 

the exception of weight, metric size data were not collected for individual flakes (e.g. 

length, width, and thickness); however, they were size graded in the same manner as the 

microdebitage so these larger flakes could be incorporated into ongoing spatial analyses. 

A number of nominal and ordinal traits chosen for each flake or flake fragment follow 

methods summarized by Andrefsky (1998:85-108). Metric data for platform thickness 
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and width was collected for a sample of the debitage using electronic calipers. All data 

was entered into a Microsoft Access database. 

Material type was noted for each specimen. Thermal alteration was recorded based 

on conservative criteria including potlid fractures, crazing, and crenated fractures or 

geometric spalls that may be angular or curved (Flenniken and Garrison 1975; 

Mandeville 1973; Purdy 1975; Purdy and Brooks 1971). Flake fragmentation included 

complete, proximal, medial and distal categories. If no clear flake attributes were 

discernable, the piece was sorted as angular debris or shatter. If the platform was 

crushed, but the bulb of force and remaining portions of the flake were intact, the flake 

was considered complete. Distinct corners, as found on tabular nodules, were noted. The 

amount of exterior cortex was assessed for complete flakes in the manner suggested by 

Andrefsky (1998:102-104). Four main termination types include feather, step, hinge and 

overshot or plunging fractures (Cotterell and Kamminga 1987:684). Platforms were 

classified as cortical, single faceted, multifaceted, or crushed. Platform abrasion, 

isolation and lipping were recorded when present and a sample of flakes provided data 

on platform thickness (n=1403) and width (n=249). Bulbs of force were classed as 

pronounced, moderately pronounced, and diffuse; these first two categories ultimately 

proved unsatisfactory and were collapsed into one group. Exterior flake scar pattern 

(n=1076) and exterior flake scar count (n=865) were noted for a sample of complete 

flakes. Exterior flake scars counts included removals greater than 5 mm. 

When possible, flake type was determined qualitatively based on a suite of criteria, 

and applied to complete flakes or proximal portions when enough of the flake remained 
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to make such a determination. If there was a distinctive diagnostic trait, such as the distal 

end of an overshot flake or the medial section of an endthinning flake, then a typological 

assignment could be made as well, although fragments are excluded from the results of 

the attribute analyses. Flake curvature was incorporated to reinforce the type assignment 

of biface thinning flakes, but was not quantified. Flake type definitions were based on a 

variety of sources (Bradley 1982; Collins 1974, 2003; Frison and Bradley 1980; 

Hemmings 1987; Masson 1998; Yerkes and Kardulias 1993); typological assignments 

included biface thinning, overshot, endthinning, edge collapse or margin removal, core 

reduction or normal, core tablet, and blade-like flakes, as well as blades and crested 

blades. 

 

Shared Trajectory and Confounding Byproducts 

Because Edwards chert occurs in rectangular to sub-rectangular forms, debitage resulting 

from initial reduction could be attributed to either blade manufacture or biface reduction. 

Debitage relating to initial reduction includes large cortical blades, flakes and blade-like 

flakes. Initial reduction and core preparation for both biface and blade production 

involves either the use of a natural ridge, or corner, or the creation of a ridge (e.g. crest) 

if a suitable one does not exist (Collins 2003:15). The byproducts of this portion of the 

reduction trajectory are indistinguishable (Collins 1999a:179, 2007:67; Collins and 

Lohse 2004:177-178; Dickens 2005:247, 256). 

To avoid biasing results, these cortical byproducts from Excavation Area 8 were 

excluded from a recent study aimed at determining if biface and blade manufacture co-
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varied within either the Clovis Unit 3a or 3b components (Pevny and Carlson 2007:131-

133). Assigning debitage to the wrong reduction trajectory has serious interpretive 

consequences for identifying and defining a given technology. Collins and Lohse 

(2004:178) suggest “…any given piece of raw material has the potential of being 

reduced as a biface or as a blade core; pieces initially begun as one may end as the other, 

or large initial blade-like flakes from an incipient blade core may be reduced into 

bifaces.” This can be especially problematic at a quarry site where debitage, early blade 

removals and rejected blades display more variability in size and form and might be 

confused between technologies (Collins 1999a:182-183). 

What determines how a piece of Edwards will be used? Obviously, the immediate 

need to produce a certain tool type, whether that is a biface or a blade, is an important 

consideration. Availability and size of the raw material play a role as well; the 

homogeneity of toolstone is also a decisive factor. The quality of Edwards chert is 

renown, but as with things produced in nature, it is variable within a single nodule and 

between outcrops as well (e.g. Georgetown vs. Pavo Real varieties). Material flaws are 

visible upon initial inspection of large pieces of Edwards chert collected from the 

vicinity of the Gault site; however, internal cracks or vugs may not be evident until 

removal of cortical material and initial thinning has begun. As noted by Collins 

(2007:67), a bifacial piece may be reconfigured into a blade core during initial reduction 

if raw material flaws or other difficulties impede manufacture. Raw material limitations 

may relate to the prevalence of wedge-shaped cores within Excavation Area 8 (only 
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three conical cores were recovered). Archaeologically, debitage produced at this point 

includes large, irregular cortical pieces characteristic of early reduction.  

Many flakes defied simple categorization into typically recognized types. For 

example, it was not always evident from which trajectory sequent or “winged” flakes 

originated. Sequent flakes, defined by Dickens (2005:95-101) as core preparation flakes 

related to blade production, appear morphologically similar to, but larger than, Masson’s 

(1998:685) exteriorly troughed flakes, which are related to bifacial edge thinning and 

sharpening.  

Another byproduct related to core preparation—crested blades—demonstrates that 

designation of certain flake types to either trajectory is not always a straightforward 

matter. Crested blades were used either to create a ridge to guide initial blade removals 

(Bordes and Crabtree 1969:4,15; Crabtree 1972:72; Collins 1999a:19) or to straighten an 

edge to facilitate additional flake or blade removals (Dickens 2005:239). Crested blades 

recovered at Excavation Area 8 displayed a wide variety of exterior flaking patterns 

(Dickens 2005:187); this has been observed in other portions of the Gault site (Collins 

and Lohse 2004:163-164). Crested blades from Excavation Area 8 were not always 

shaped by bifacial flaking originating along the central arris outward towards the lateral 

edges. Flake scars also terminated at the center arris, meaning they originated from a 

point beyond the lateral edges (Dickens 2005:187), similar to flaking patterns on 

endthinning flakes. This flake scar pattern could have been produced by blade or flake 

removals on adjacent sides of tabular cores during initial removal of cortical surfaces or 

during core maintenance. Dickens reported that of the 55 crested blades and fragments 
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recovered from Excavation Area 8, 50 percent had a unifacially flaked lateral edge, 37 

percent displayed a bifacial flaking pattern, and 9 percent showed partial cresting, which 

could be located at either the distal or the proximal end of the piece. On unifacially 

crested blades, the other side has either a natural cortical surface or a single blade scar 

that truncates the original unifacial removals. This represents a remnant crest; the second 

crested blade to be detached, the first usually being a bifacially crested blade. Whatever 

the configuration, crested pieces of debitage were grouped with other blades or blade 

byproducts. 

Endthinning flakes are probably underrepresented by the current analysis. Obvious 

collateral and transverse (Wormington 1957:107) flaking patterns, coupled with an 

elongated longitudinal axis and roughly parallel lateral margins (e.g. the form of a blade-

like flake) were recognizable, as with fluting flakes. However, there is a gradation in 

flaking patterns from endthinning to lateral thinning removals, particularly with flakes 

removed close to the juncture of the lateral edges and either the proximal or the distal 

end of a biface. Dickens (2005:247, 256) noted that tabular corners of rectangular to sub-

rectangular cores were removed during both biface and blade manufacture. Cortical and 

noncortical partial overshot flakes have blade-like scars on their distal ends suggesting 

that corners or lateral surfaces were thinned prior to overshot flake removals. 

Interestingly, as flaking from the lateral margins of bifaces increases, subsequent 

endthinning flakes removed from corners approximate cortical, single-sided crested 

blades (Dickens 2005).  
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It is quite possible that much of the relatively smaller (<3.81 cm, >2.54 cm), cortical 

debitage recovered from Excavation Area 8—those flakes usually typed as normal 

(Frison and Bradley 1980:24; Masson 1998:685-686), or core reduction flakes 

(Hemmings 1987:438)—also belong to either trajectory. With the exception of 

endthinning flakes, blade-like flakes have characteristics of flakes and blades, as 

discussed by Collins (1999a:32-34) and were grouped with blade products and 

byproducts. Exploratory examination of flake attributes failed to demonstrate any 

distinguishing traits with the exception of those related to initial thinning (e.g. large flake 

weight, irregular shape, high percentage of exterior cortex, few exterior flake scar 

removals, and thicker platforms with less evidence of preparation). Attribute-wise, 

blade-like flakes are more similar to blades. This similarity is related to platform 

preparation techniques and platform thickness; raw material form and indentor type are 

determinants as well. Most importantly, initial blades and blade-like flakes often are 

detached with the same purpose in mind—to remove cortical surfaces in an efficient 

manner. 

The subtleties involved in recognizing distinct types within any of the categories 

discussed above is a matter that deserves closer attention in the archaeological record, as 

well as through experimental research. The identification of more refits may help resolve 

this complex issue, but to date few have been identified from Excavation Area 8 

(Alexander 2008). To reiterate, for this study blades and blade-like flakes are grouped 

into a generalized blade category. Biface thinning, endthinning and overshot flakes are 

classified as biface byproducts (Table 2; Figure 5). The normal flake category represents 
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flakes from initial reduction and primary thinning, as well as core preparation, which 

could not be confidently assigned to either the blade or biface trajectory (Figure 6). 

These three flake types are consistently used in the following results section. 

 

Table 2. Flake type by component. 

  Blades % 

Biface 
Thinning 

Flakes % 
Normal 
Flakes % Total 

Early Archaic 9 2.62 118 34.40 216 62.97 343 
post-Clovis Paleoindian 14 11.02 44 34.65 69 54.33 127 

Clovis 3b 87 15.62 146 26.21 324 58.17 557 
Clovis 3a 257 17.86 458 31.83 724 50.31 1439 

Total 367 14.88 766 31.06 1333 54.06 2466 
 

Results 

A total of 86,608 pieces of debitage were analyzed; this material originated from the 

Early Archaic, post-Clovis Paleoindian, and Clovis strata within Excavation Area 8 

(Table 3). Although 82,360 specimens less than 2.54 cm were size-sorted, counted 

and weighted, this data is evaluated in reference to ongoing intrasite spatial analysis 

(Waters et al. 2009) and is not used as part of the technological study. The remaining 

4248 pieces of debitage analyzed at the attribute level include 625 from the Early 

Archaic component, 248 from the post-Clovis Paleoindian stratum, 991 from Clovis 

Unit 3b, and 2384 from Unit 3a. Differences in total counts between attribute tables 

used throughout the text relate to sampling, flake fragmentation, or to an assignment 
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Figure 5. Select examples of cortical and noncortical biface thinning flakes. The upper 
photograph depicts the exterior flake surface. The lower photograph shows the interior 
flake surface. Note the radial flaking patterns, expanding flake margins, and well-isolated 
platforms.
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Figure 6. Select examples of cortical and noncortical normal flakes. The upper photograph 
depicts the exterior flake surface. The lower photograph shows the interior flake surface. 
Exterior flaking patterns and flake margins vary; platforms are large and often cortical.
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Table 3. Frequencies and percentages for debitage discussed in the current study. 
  Macrodebitage Microdebitage Total 

Early Archaic 625 2.99% 20261 97.01% 20886 24.12% 
post-Clovis Paleoindian 248 4.71% 5019 95.29% 5267 6.08% 

Clovis 3b 991 5.45% 17188 94.55% 18179 20.99% 
Clovis 3a 2384 5.64% 39892 94.36% 42276 48.81% 

Total 4248 4.90% 82360 95.10% 86608 100.00% 
  

 

of “undetermined,” which represents a small portion of the individual attribute 

categories. For example, the majority of the results section focuses on complete flakes 

because they provide more accurate indicators of size, weight, and amount of exterior 

cortex, and there is a platform, which provides data on techniques used to assure 

successful flake detachment. Proximal fragments are incorporated into discussions 

dealing with platform characteristics. Distal and medial fragments of blades and distal 

overshot terminations are diagnostic of blade and biface technology, respectively, but are 

excluded because they may inaccurately inflate counts. 

The chi-square test of association was used to examine a number of potential 

differences within and between the four strata; the null hypothesis states there is no 

significant difference between the two components under comparison. Originally, the 

significance level was set at 0.05; since chi-square was used a number of times—thereby 

increasing the chance of falsely rejecting the null hypothesis—the threshold was reset to 

0.01. While chi-square demonstrated highly significant differences for several variables 

between components, phi-square shows these correlations to be relatively weak. 
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The data below are organized according to the primary goal of this study—to provide 

a detailed description of the Clovis debitage—and three main research questions: 1) Are 

there technological differences between the Clovis Unit 3a and Unit 3b debitage 

assemblages?; 2) Are there technological differences between the post-Clovis 

Paleoindian and Early Archaic components in relation to the Clovis assemblage?; and 3) 

Is technological change observable through time within Excavation Area 8? 

 

Question No. 1: Comparison of Clovis 3a and Clovis 3b Deposits 

Raw Material Type and Form. In general, the bulk of the assemblage consisted of locally 

or regionally available Edwards chert (Table 4). Use of ultraviolet irradiation failed to 

demonstrate any distinctive differences that might provide a more refined determination 

of specific varieties. A combination of white patination and ocherous staining, both of 

which are prevalent in the Clovis strata, may mask variability seen at other sites in the 

region (e.g. Wilson Leonard). Both types of chemical alteration are the result of 

taphonomic processes further discussed in Chapter III. The ocherous discoloration varied 

from a 10YR 6/6 brownish yellow to a 10YR4/6 dark yellowish brown. When 

assessable, chert ranged from 10YR 4/2 dark grayish brown to 10YR 5/1 dark gray. As 

noted here previously and for other portions of the assemblage (Dickens 2005), internal 

fractures and flaws in the form of cracks and vugs were noticeable on both exterior and 

interior flake surfaces and although much of the chert can be characterized as a fine-

grained, siliceous material, a coarser grade is also represented. This does not seem to be 

a different variety of Edwards chert, just normal heterogeneity within a single core;  
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Table 4. Material type by component. 
  Edwards chert Quartzite Unidentified Total 

Early Archaic 620 99.20% 2 0.32% 3 0.48% 625 
post-Clovis 
Paleoindian 248 100.00% 0 0.00% 0 0.00% 248 

Clovis 3b 988 99.70% 3 0.30% 0 0.00% 991 
Clovis 3a 2368 99.33% 5 0.21% 11 0.46% 2384 

Total 4224 99.44% 10 0.24% 14 0.33% 4248 
  

 

grainier concentrations were often identified in conjunction with fine-grained material 

on the same flake. Microscopically, the material showed consistency in form and 

structure; 248 flakes were examined at magnifications up to 40X. The same type of 

fossils, quartz infilling, and rhombohedral-like cortical crystals observed by Minchak 

(2007:50) during microwear analysis of the blade assemblage were noted within this 

sample. 

While no tested nodules or cores from initial stages of reduction were present within 

Excavation Area 8, cortical flakes and blades provide an indication of raw material form. 

Blades often have corner ridges representing the angular or sub-angular edges of tabular 

or nodular pieces of chert, as noted by Dickens (2005:150-153, 166-168) for Excavation 

Area 8 and by Collins and Lohse (2004:163-164) for other areas of the site. These 

natural or partially modified ridges were present on cortical flakes as well. For the 

majority of the Clovis assemblage, cortical debitage has an unweathered, soft, white 

limestone characteristic of tabular or nodular pieces still present on upland areas 

adjacent to the site. Hard, stream-worn cortex, possibly associated with gravels procured 
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from the bed of Buttermilk Creek, was present on less than one percent of the entire 

collection. 

Few distinctive material types could be identified from Excavation Area 8 with the 

exception of 8 pieces of quartzite and 11 pieces of an unidentified chert (Table 3). The 

quartzite, present in Unit 3a and 3b, was moderately coarse-grained and many of the 

fragments appear were thermally altered—but not necessarily through cultural 

processes—based on the presence of a red, oxidized color. While color differentiation 

was not incorporated into criteria for the identification of thermal alteration—

particularly in reference to chert—the color change for quartzite is distinctive; red 

discoloration of chert was noticeably minimal within the rest of the collection. The only 

hammerstone recovered from Excavation Area 8 was from Clovis Unit 3a; it is quartzite 

and displays the same discoloration (Dickens 2005:91). The 11 pieces of chert from Unit 

3a are of an unknown material that is visibly darker than any other chert in spite of the 

ocherous staining. It contains small bluish-white inclusions and is similar to the proximal 

portion of a discarded Clovis projectile point recovered during excavation. One flake 

fragment has a spall on the cortical surface, probably related to insolation, but no other 

fractures attributable to thermal alteration were noted. 

Size and Weight. No discernable differences were noted between the size and 

weights of debitage from the Clovis strata for complete flakes greater than 2.54 cm in 

size (Tables 5 and 6). There were no statistically significant differences in flake size 

(Table 7) and mean flake weights are comparable. Weight in relation to size only 
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demonstrates flakes greater than 3.81 cm have larger mean weights than their smaller 

counterparts, a readily evident conclusion (Table 8). 

 

 

Table 5. Size data for complete flakes. 

  >3.81 cm 
<3.81 cm; 
>2.54 cm Total 

Early Archaic 72 26.47% 200 73.53% 272 
post-Clovis Paleoindian 18 25.71% 52 74.29% 70 

Clovis 3b 149 36.97% 254 63.03% 403 
Clovis 3a 373 33.94% 726 66.06% 1099 

Total 612 33.19% 1232 66.81% 1844 
 

 

 

Table 6. Summary weight data in grams for complete flakes. 
  n Mean Max Min StDev StError 

Early Archaic 146 13.85 149.11 1.69 15.7852 1.3064 
post-Clovis 
Paleoindian 25 10.74 29.29 1.64 7.6603 1.5321 

Clovis 3b 385 19.98 188.84 1.45 24.6020 1.2538 
Clovis 3a 692 18.67 334.11 1.4 28.3237 1.0767 

Total 1248           
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Table 7. Summary Chi square statistics at 0.01 level of significance for the 
Clovis 3a and 3b components. 

    χ2 p φ2 
Size 

    All Debitage 
 

0.4300 0.5120 – 
Complete Flakes Only 

 
1.1961 0.2741 – 

     Cortex 
    Cortical/Noncortical 
 

0.6283 0.4280 – 

     Flake Fragmentation 
    Complete Flakes/All Fragments 
 

8.5413 0.0035 0.0025 
Proximal/Medial/Distal Fragments 

 
14.1527 0.0008 0.0078 

     Platform Characteristics & Treatment 
    Abrasion Blades 
 

0.1885 0.6642 – 
Abrasion Biface Thinning Flakes 

 
0.0013 0.9714 – 

Abrasion Normal Flakes 
 

13.6508 0.0002 0.0159 

     Isolation Blades 
 

1.1838 0.2766 – 
Isolation Biface Thinning Flakes 

 
5.1006 0.0239 – 

Isolation Normal Flakes   9.8098 0.0017 0.0113 
 

 

Table 8. Weight by size for complete flakes. 
  >3.81 cm   <3.81 cm; >2.54 cm 
  n Mean StdDev StError   n Mean StdDev StError 

Early 
Archaic 56 24.31 21.0748 2.8162 

 
90 7.34 4.4564 0.4697 

post-Clovis 
Paleoindian 6 18.00 6.1031 2.4916 

 
19 8.44 6.6898 1.5347 

Clovis 3b 144 37.30 32.3699 2.6975 
 

241 9.63 7.5184 0.4843 
Clovis 3a 271 33.86 39.8671 2.4218 

 
421 8.89 7.3043 0.3560 

Total 477 33.57 35.8530 1.6416   771 8.93 7.1074 0.2560 
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However, when weight is explored in relation to the amount of exterior cortex, it 

becomes clear that the larger mean weights and large standard deviations associated with 

cortical flakes (Table 9) are skewed by the presence of several large statistical outliers. 

The mean weights for tertiary flakes from Unit 3a and 3b are almost the same and, 

overall, cortical debitage is approximately similar as well. 

 

 

Table 9. Weights for complete flakes by amount of dorsal cortex. 
100%  <100%; >50% 

  n Mean StdDev StError  n Mean StdDev StError 
Early 

Archaic 3 17.44 15.6565 9.0393 20 14.89 8.1076 1.8129 
post-Clovis 
Paleoindian 0 n/a n/a n/a 2 12.71 12.4592 8.8100 

Clovis 3b 14 22.47 26.4805 7.0772 56 34.84 40.2095 5.3732 
Clovis 3a 22 28.65 25.1457 5.3611 108 29.93 42.3741 4.0774 

Total 39 25.57 24.8287 3.9758 186 29.60 39.5173 2.8975 

<50%; >0% 0% 
n Mean StdDev StError n Mean StdDev StError 

Early 
Archaic 55 17.021 22.8574 3.0821 67 10.89 8.6343 1.0549 

post-Clovis 
Paleoindian 5 12.328 10.1002 4.5170 18 10.08 6.9312 1.6337 

Clovis 3b 133 23.599 25.1701 2.1825 182 12.57 12.1128 0.8979 
Clovis 3a 258 19.980 30.8397 1.9200 303 12.80 16.0471 0.9219 

Total 451 20.602 28.2457 1.3300  570 12.42 13.9271 0.5833 
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Exterior Cortex and Flake Scar Pattern. For all Clovis debitage, the percentage of 

cortex for complete flakes was fairly similar for both Clovis strata (Table 10). No 

significant differences were observed at the 0.01 confidence level (Table 7). By flake 

type, percentages vary between blades, biface thinning-related flakes, and normal flakes 

(Table 11). There are comparatively more cortical normal flakes and cortical blades than 

their biface thinning equivalents. This is expected in the normal and blade categories 

because cortical flakes relate to initial reduction. Cortical biface thinning flakes also are 

related to these portions of the reduction trajectory and consist mainly of cortical 

overshot flakes and large cortical biface thinning flakes. The smaller percentages of 

noncortical blades may reflect the removal of intended products from Excavation Area 8. 

Noncortical biface thinning flakes are not a product in the same way as noncortical 

blades and therefore are more likely to have been left behind compared to blade 

products. The higher percentage of noncortical biface thinning flakes is logical because 

it is easier to identify biface thinning flakes once the cortex is removed, platforms 

become more prepared, and flakes detachment patterns emerge.  

 

Table 10. Frequency and percent of dorsal cortex for complete 
flakes.  

  Cortical Noncortical Total 
Early Archaic 132 48.53% 140 51.47% 272 

post-Clovis Paleoindian 25 35.71% 45 64.29% 70 
Clovis 3b 208 51.61% 195 48.39% 403 
Clovis 3a 592 53.92% 506 46.08% 1098 

Total 957 51.93% 886 48.07% 1843 
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Table 11. Frequency and percent of dorsal cortex for complete flakes 
by flake type for Clovis 3a and 3b components.  

  Blades     
  Cortical %     Noncortical %   Total 

Clovis 3b 35 60.34 
  

23 39.66 
 

58 
Clovis 3a 127 64.80 

  
69 35.20 

 
196 

  Biface Thinning Flakes     
  Cortical %     Noncortical %   Total 

Clovis 3b 42 45.16 
  

51 54.84 
 

93 
Clovis 3a 99 32.57 

  
205 67.43 

 
304 

  Normal Flakes     
  Cortical %     Noncortical %   Total 

Clovis 3b 126 54.78 
  

104 45.22 
 

230 
Clovis 3a 353 63.04     207 36.96   560 

 

 

In general, exterior flake scar patterns between the two units are congruent as well. The 

column in Table 12 labeled ‘None’ means no removals were present because the flake 

has 100 percent cortex on the exterior surface. No clear configurations were identified 

between flake types, although the elevated percentages of proximally and distally 

oriented scars in the Clovis units relates to unidirectional and bidirectional blade 

removals. Radial-to-subradial patterns are mainly associated with biface thinning flakes 

and lateral removals represent patterns on endthinning flakes. Irregular flake removal 

arrangements correlate with blade production in the Clovis levels (e.g. crested blades) or 

flakes produced during initial reduction. 
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Table 12. Dorsal flake scar patterns for complete flakes. 

  
Proximal/ 

Distal Lateral 
Radial/ 

Subradial Irregular None Total 
Early Archaic 35 21.34% 10 6.10% 97 59.15% 13 7.93% 9 5.49% 164 

post-Clovis 
Paleoindian 6 19.35% 1 3.23% 19 61.29% 3 9.68% 2 6.45% 31 

Clovis 3b 98 24.69% 29 7.30% 218 54.91% 37 9.32% 15 3.78% 397 
Clovis 3a 169 24.39% 50 7.22% 407 58.73% 26 3.75% 41 5.92% 693 

Total 308   90   741   79   67   1285 
 

 

Flake Fragmentation and Flake Termination. Most flake fragments could be 

identified as proximal, medial or distal fragments; this is probably related to the size of 

the analyzed pieces (e.g. greater than 2.54 cm in size). Angular or blocky debris was not 

prevalent within the Clovis levels (Table 13), but does show a slight increase from Unit 

3a to 3b. The difference between the Clovis Units 3a and 3b with respect to proportions 

of complete flakes and flake fragments is highly significant (Table 7); more complete 

flakes are expected for Unit 3b, meaning it is more fragmented than Unit 3a. No 

difference was noted between complete flakes and proximal or distal fragments. There 

is, however, a significant difference between the two components in reference to medial 

flake fragments (Table 7); more medial fragments are expected in Unit 3a. The 

percentages of proximal and distal fragments should be relatively close; that the only 
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significant difference relates to medial fragments is not surprising. Percentages of medial 

fragments could be inflated for a variety of reasons. The medial segment of a flake or 

blade can fracture into several pieces, all of which would be considered medial, while 

there can be only one proximal and one distal end.  

Flake fragmentation is likely attributed to a combination of two factors: 1) 

taphonomic processes such as trampling and 2) fracture or breakage rates during flake 

detachment. Other portions of the Excavation Area 8 lithic assemblage demonstrate that 

taphonomic processes had an impact on archaeological materials. As discussed in the 

following chapter, the debitage assemblage was affected post-depositionally by 

trampling of the dense deposits where flakes were literally stacked one upon the other. 

Thin flake edges displayed much damage in the form of crescentic and impact fractures, 

oftentimes creating pseudo tools and pseudo microwear. Minchak (2007) identified the 

same type of damage in the blade assemblage.  

In general, site formation processes were not extreme during Clovis times, 

particularly during the ponding episode, a relatively low-energy event represented in 

Unit 3a. A depression, created behind a gravel bar of a fan tributary stream, probably 

retained water during part of the year because of the seep springs, rainfall, and overbank 

flooding from Buttermilk Creek. Standing water was often present during excavation. 

Water retained in the pond would have minimized access and reduced trampling; this 

may contribute to the larger proportion of complete flakes in Unit 3a.  

The debitage from Unit 3b was deposited under different geologic conditions only 

slightly more intense during the Unit 3b occupation; overbank sediment was deposited 
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from the creek during flooding events where water would eventually recede and once 

again allow pedestrian traffic through this portion of the site. If much overburden from 

the creek remained to cover exposed artifacts, this would limit trampling damage, but 

not prevent it like the standing water in Unit 3a. 

Technologically, fracture rates that occur during tool manufacture or core reduction 

also account for the fragmented nature of both Clovis components, but ascertaining the 

exact cause is challenging. Several factors contribute to breakage rates including raw 

material form, size and quality; reduction strategy; skill of the knapper; and percussor 

type. Experimentally, it has been demonstrated that internodule variation and changes in 

percussor type during the reduction sequence influence breakage rates as well (Mauldin 

and Amick 1989; Prentiss and Romanski 1989).  

The debitage within Excavation Area 8 represents both tool production and core 

reduction, that is, biface and blade technological strategies. Sullivan and Rozen (1985) 

suggest core reduction, albeit more amorphous type cores used to produce flakes for use 

with little or no modification, results in an increased proportion of complete flakes and 

non-orientable fragments; tool production yields higher proportions of proximal, medial 

and distal fragments. The authors assign little value to trampling damage, arguing that in 

soft sand few flakes would be broken. Experimentally, Prentiss and Romanski (1989) 

found that the percentages of flake types for untrampled flakes were relatively similar 

for tool production and core reduction, but that tool production resulted in more 

numerous complete flakes than core reduction. Trampling of experimental assemblages 

in soft sand particularly affected their experimental biface assemblage.  

67



Considering biface reduction centers on production of a tool from a nodular or 

tabular piece of Edwards chert, and blade production focuses on production of a 

specialized flake, are there differences between the fracture rates when examined 

separately? Table 14 indicates that there are higher fracture rates in tool production 

(biface byproducts) than core reduction (blade products and byproducts) within the Unit 

3a and 3b strata. The percentage of fracture types suggests there may be slightly higher 

rates of fracture for biface byproducts than blade products; however, this must 

interpreted cautiously because, as a desired product, complete blades are more likely to 

be removed from the area and more may have been removed during the 3b occupancy 

(Pevny and Carlson 2007:133). However, even considering the absence of blades, there 

is still a higher percentage of complete blades than biface thinning flakes in both Unit 3a 

and 3b. Normal flake percentages follow those for blades. 

Prentiss and Romanski (1989:93) suggest that incipient fracture planes and internal 

flaws reduce the number of complete flakes in favor of proximal fragments, but that 

flake blanks for tool production are less likely to contain flaws. Flakes related to biface 

reduction actually include a higher percentage of proximal fragments than blades in both 

units 3a and 3b. So, perhaps it depends on which tool is being produced, in this case, 

blade blanks for other tools. While the majority of the medial and distal flake fragments 

cannot be assigned to a specific trajectory, blade fragments are distinguishable. Medial 

blade fragments follow the same pattern as proximal portions; they increase from Unit 

3a to Unit 3b (Table 15). Distal fragments, however, decrease. Proximal and distal 

fragments should follow a similar trend, since there should be one of each for every 
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Table 15. Blade medial and distal counts and 
percentages. 

  Medial % Distal % Total 
Clovis 3b 25 39.06 39 60.94 64 
Clovis 3a 38 30.65 86 69.35 124 

 

 

flake. Excluding complete flakes, the difference between the two components in 

reference to the types of flake fragments is also highly significant (Table 7); more distal 

fragments are expected from Unit 3b and more proximal and medial fragments are 

expected in Unit 3a. It is possible that the lack of distal fragments relates to tool 

manufacture or use and they were removed from the site area and used elsewhere, but a 

more likely scenario relates to the fact that a proximal fragment—terminating in step 

fracture—will not produce a distal fragment. 

Related to fragmentation is the topic of flake termination. By definition, proximal 

fragments terminate in step fractures and the Clovis Unit 3b has a slightly higher 

percentage of step fractures, which follows the discussion above (Table 16). Step 

terminations relate to a complete dissipation of energy or the intersection of the fracture 

front with an internal crack or impurity. Energy needed to drive the fracture forward is 

lost and bending forces perpendicular to the fracture front complete the removal of the 

flake (Odell 2003:58). Many internal flaws and cracks were identified on various flake 

types.  

When examined by reduction strategy, there are more blades that terminate in a 

feathered fracture than biface byproducts, but there are higher rates of hinge fracture
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terminations in blades than bifaces (Table 14). Hinge fractures result from a sudden 

deflection of the force towards the outer face of the core caused by an increase in the 

bending component, which is possibly related to an excessive outward force applied to 

the stone (Odell 2003:57). Unit 3a has a higher percentage of feather terminations for all 

three flake types and Unit 3b has higher percentage of step fractures. Normal flakes and 

blades have nearly the same percentages for hinge terminations, but a higher percentage 

of hinge terminations in Unit 3a for biface reduction. More overshot and plunging 

terminations were identified in Unit 3b. 

Platform Type and Related Characteristics. Cortical, single faceted, multi-faceted 

and crushed platforms are all represented within the Clovis debitage. Overall, the 

percentages of platform types and crushed platforms are relatively similar (Table 17) 

with a higher percentage of multifaceted platforms for debitage in both strata. The six  

 

Table 17. Platform types based on complete flakes and proximal 
fragments. 

  Cortical 
Single-
faceted 

Multi-
faceted Crushed Total 

Early 
Archaic 59 17% 88 25% 149 42% 59 17% 355 

post-Clovis 
Paleoindian 17 13% 37 28% 54 42% 22 17% 130 

Clovis 3b 97 16% 183 31% 228 39% 81 14% 589 
Clovis 3a 257 17% 423 28% 590 40% 217 15% 1487 

Total 430   731   1021   379   2561 
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attributes related to platform preparation are better understood when viewed separately 

by flake type (Tables 18-23). In general, blades in Unit 3a and 3b have a higher 

percentage of single faceted platforms, biface thinning flakes have a higher percentage 

of multifaceted platforms, and normal flakes are represented by slightly more single 

faceted platforms. When separated according to the presence of cortex, cortical blades 

from Unit 3a have more single faceted platforms and Unit 3b more cortical platforms. 

Noncortical blades in Unit 3a are evenly divided between single faceted and 

multifaceted platforms, while single faceted platforms are prevalent in Unit 3b. 

Multifaceted platforms predominate over other types in both components and both 

cortical and noncortical debitage.  

In both units, there is an increase in the use of abrasion and isolation and an increase 

in the presence of lipped platforms and diffuse bulbs accompanied by a corresponding 

decrease in platform width and thickness as reduction progresses and cortical material is 

removed. An exception to this is a slight increase in platform thickness for normal 

noncortical flakes in Unit 3a. Fewer abraded platforms are expected among cortical 

flakes because cortex serves the same purpose as abrasion 1) to strengthen the platform 

and prevent crushing; and 2) to provide a textured surface to increase friction and 

prevent the percussor from delivering a glancing blow. Platform abrasion and isolation 

are used relatively more with biface thinning than blades or normal flakes and their use 

increases slightly from Unit 3a to Unit 3b for blades and bifaces. Normal flakes in 

particular show an increase in use in Unit 3b, but there is no significant difference.
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Platform Type Platform Type
Cortical 183 25.28% Cortical 143 25.54%
Single facet 215 29.70% Single facet 169 30.18%
Multifacet 217 29.97% Multifacet 160 28.57%
Crushed 109 15.06% Crushed 88 15.71%
Total 724 100.00% Total 560 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 433 Count 329
Mean 4.67 Mean 4.86
St. Dev 3.0189 St. Dev 3.1617
Var 9.1135 Var 9.9961

Platform Abrasion Platform Abrasion
Yes 69 11.50% Yes 38 8.26%
No 531 88.50% No 422 91.74%
Total 600 100.00% Total 460 100.00%

Platform Isolated Platform Isolated
Yes 24 3.95% Yes 17 3.65%
No 584 96.05% No 449 96.35%
Total 608 100.00% Total 466 100.00%

Platform Lipped Platform Lipped
Yes 45 6.85% Yes 28 5.51%
No 612 93.15% No 480 94.49%
Total 657 100.00% Total 508 100.00%

Bulb Type Bulb Type
Pronounced 359 72.53% Pronounced 277 72.70%
Diffuse 136 27.47% Diffuse 104 27.30%
Total 495 100.00% Total 381 100.00%

continued

Normal Flakes                                            
(Complete and Proximal Fragments) Normal Flakes (Complete Only)

Table 18. Platform attributes for normal flakes from Clovis 3a 
debitage.
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Platform Type Platform Type
Cortical 143 40.51% Single facet 73 35.27%
Single facet 96 27.20% Multifacet 98 47.34%
Multifacet 62 17.56% Crushed 36 17.39%
Crushed 52 14.73% Total 207 100.00%
Total 353 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 204 Count 125
Mean 4.71 Mean 5.11
St. Dev 3.3693 St. Dev 2.7848
Var 11.3521 Var 7.7553

Platform Abrasion Platform Abrasion
Yes 20 6.83% Yes 18 10.78%
No 273 93.17% No 149 89.22%
Total 293 100.00% Total 167 100.00%

Platform Isolated Platform Isolated
Yes 10 3.36% Yes 7 4.17%
No 288 96.64% No 161 95.83%
Total 298 100.00% Total 168 100.00%

Platform Lipped Platform Lipped
Yes 20 6.17% Yes 8 4.35%
No 304 93.83% No 176 95.65%
Total 324 100.00% Total 184 100.00%

Bulb Type Bulb Type
Pronounced 165 70.51% Pronounced 112 76.19%
Diffuse 69 29.49% Diffuse 35 23.81%
Total 234 100.00% Total 147 100.00%

Normal Flakes                                 
(Complete Cortical)

Normal Flakes                    
(Complete Noncortical)

Table 18 continued.
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Blades (Complete)
Platform Type Platform Type

Cortical 42 16.34% Cortical 36 18.37%
Single facet 98 38.13% Single facet 76 38.78%
Multifacet 72 28.02% Multifacet 50 25.51%
Crushed 45 17.51% Crushed 34 17.35%
Total 257 100.00% Total 196 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 183 Count 147
Mean 4.50 Mean 4.58
St. Dev 2.7748 St. Dev 2.774
Var 7.6996 Var 7.695

Platform Width (mm) Platform Width (mm)
Count 117 Count 101
Mean 10.80 Mean 11.14
St. Dev 5.2484 St. Dev 5.41
Var 27.545 Var 29.27

Platform Abrasion Platform Abrasion
Yes 96 48.24% Yes 74 46.54%
No 103 51.76% No 85 53.46%
Total 199 100.00% Total 159 100.00%

Platform Isolated Platform Isolated
Yes 44 22.11% Yes 30 18.87%
No 155 77.89% No 129 81.13%
Total 199 100.00% Total 159 100.00%

Platform Lipped Platform Lipped
Yes 68 30.09% Yes 46 26.90%
No 158 69.91% No 125 73.10%
Total 226 100.00% Total 171 100.00%

Bulb Type Bulb Type
Pronounced 111 48.90% Pronounced 91 51.70%
Diffuse 116 51.10% Diffuse 85 48.30%
Total 227 100.00% Total 176 100.00%

continued

Blades                                                 
(Complete and Proximal 

Fragments)

Table 19. Platform attributes for blades from Clovis 3a debitage.
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Blades (Complete Cortical) Blades (Complete Noncortical)
Platform Type Platform Type

Cortical 36 28.35% Single facet 29 42.03%
Single facet 47 37.01% Multifacet 29 42.03%
Multifacet 21 16.54% Crushed 11 15.94%
Crushed 23 18.11% Total 69 100.00%
Total 127 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 96 Count 51
Mean 5.09 Mean 3.62
St. Dev 3.102 St. Dev 1.6578
Var 9.6225 Var 2.7484

Platform Width (mm) Platform Width (mm)
Count 72 Count 29
Mean 29.2 Mean 10.34
St. Dev 5.6125 St. Dev 4.8711
Var 31.4999 Var 23.7279

Platform Abrasion Platform Abrasion
Yes 41 40.20% Yes 33 57.89%
No 61 59.80% No 24 42.11%
Total 102 100.00% Total 57 100.00%

Platform Isolated Platform Isolated
Yes 17 16.67% Yes 13 22.81%
No 85 83.33% No 44 77.19%
Total 102 100.00% Total 57 100.00%

Platform Lipped Platform Lipped
Yes 27 24.55% Yes 19 31.15%
No 83 75.45% No 42 68.85%
Total 110 100.00% Total 61 100.00%

Bulb Type Bulb Type
Pronounced 61 52.59% Pronounced 30 50.00%
Diffuse 55 47.41% Diffuse 30 50.00%
Total 116 100.00% Total 60 100.00%

Table 19 continued. 
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Platform Type Platform Type
Cortical 28 6.11% Cortical 24 7.89%
Single facet 93 20.31% Single facet 72 23.68%
Multifacet 279 60.92% Multifacet 161 52.96%
Crushed 58 12.66% Crushed 47 15.46%
Total 458 100.00% Total 304 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 279 Count 176
Mean 3.27 Mean 3.54
St. Dev 2.1015 St. Dev 2.4494
Var 4.4165 Var 5.9996

Platform Width (mm) Platform Width (mm)
Count 45 Count 45
Mean 14.63 Mean 14.63
St. Dev 7.9377 St. Dev 7.9377
Var 63.0069 Var 63.0069

Platform Abrasion Platform Abrasion
Yes 259 65.40% Yes 151 59.45%
No 137 34.60% No 103 40.55%
Total 396 100.00% Total 254 100.00%

Platform Isolated Platform Isolated
Yes 96 24.24% Yes 63 24.80%
No 300 75.76% No 191 75.20%
Total 396 100.00% Total 254 100.00%

Platform Lipped Platform Lipped
Yes 153 35.83% Yes 90 32.37%
No 274 64.17% No 188 67.63%
Total 427 100.00% Total 278 100.00%

Bulb Type Bulb Type
Pronounced 92 29.39% Pronounced 70 34.48%
Diffuse 221 70.61% Diffuse 133 65.52%
Total 313 100.00% Total 203 100.00%

continued

Biface Thinning Flakes                          
(Complete and Proximal Fragments) Biface Thinning Flakes (Complete)

Table 20. Platform attributes for biface thinning flakes from Clovis 3a debitage.
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Platform Type Platform Type
Cortical 24 24.24% Single facet 43 20.98%
Single facet 29 29.29% Multifacet 129 62.93%
Multifacet 32 32.32% Crushed 33 16.10%
Crushed 14 14.14% Total 205 100.00%
Total 99 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 59 Count 118
Mean 4.81 Mean 2.89
St. Dev 3.1682 St. Dev 1.6659
Var 10.0372 Var 2.7751

Platform Width (mm) Platform Width (mm)
Count 28 Count 16
Mean 16.82 Mean 10.47
St. Dev 8.6268 St. Dev 4.6466
Var 74.4212 Var 21.5906

Platform Abrasion Platform Abrasion
Yes 37 44.05% Yes 115 67.25%
No 47 55.95% No 56 32.75%
Total 84 100.00% Total 171 100.00%

Platform Isolated Platform Isolated
Yes 20 23.81% Yes 44 25.73%
No 64 76.19% No 127 74.27%
Total 84 100.00% Total 171 100.00%

Platform Lipped Platform Lipped
Yes 18 20.22% Yes 73 38.42%
No 71 79.78% No 117 61.58%
Total 89 100.00% Total 190 100.00%

Bulb Type Bulb Type
Pronounced 36 52.17% Pronounced 35 25.93%
Diffuse 33 47.83% Diffuse 100 74.07%
Total 69 100.00% Total 135 100.00%

Biface Thinning Flakes                           
(Complete Cortical)

Biface Thinning Flakes                                  
(Complete Noncortical)

Table 20 continued.

79



Platform Type Platform Type
Cortical 64 19.75% Cortical 44 19.13%
Single facet 102 31.48% Single facet 72 31.30%
Multifacet 100 30.86% Multifacet 70 30.43%
Crushed 58 17.90% Crushed 44 19.13%
Total 324 100.00% Total 230 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 253 Count 180
Mean 5.01 Mean 5.09
St. Dev 3.2169 St. Dev 3.4326
Var 10.3488 Var 11.7829

Platform Abrasion Platform Abrasion
Yes 55 21.24% Yes 33 18.13%
No 204 78.76% No 149 81.87%
Total 259 100.00% Total 182 100.00%

Platform Isolated Platform Isolated
Yes 24 9.20% Yes 18 9.84%
No 237 90.80% No 165 90.16%
Total 261 100.00% Total 183 100.00%

Platform Lipped Platform Lipped
Yes 19 6.99% Yes 12 6.25%
No 253 93.01% No 180 93.75%
Total 272 100.00% Total 192 100.00%

Bulb Type Bulb Type
Pronounced 209 72.82% Pronounced 157 74.06%
Diffuse 78 27.18% Diffuse 55 25.94%
Total 287 100.00% Total 212 100.00%

continued

Normal Flakes                                                  
(Complete and Proximal Fragments) Normal Flakes (Complete Only)

Table 21. Platform attributes for normal flakes from Clovis 3b debitage.
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Platform Type Platform Type
Cortical 44 34.92% Single facet 36 34.62%
Single facet 36 28.57% Multifacet 48 46.15%
Multifacet 22 17.46% Crushed 20 19.23%
Crushed 24 19.05% Total 104 100.00%
Total 126 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 101 Count 79
Mean 5.23 Mean 4.92
St. Dev 3.6805 St. Dev 3.1018
Var 13.5463 Var 9.6215

Platform Abrasion Platform Abrasion
Yes 7 6.93% Yes 26 32.10%
No 94 93.07% No 55 67.90%
Total 101 100.00% Total 81 100.00%

Platform Isolated Platform Isolated
Yes 6 5.88% Yes 12 14.81%
No 96 94.12% No 69 85.19%
Total 102 100.00% Total 81 100.00%

Platform Lipped Platform Lipped
Yes 4 3.88% Yes 8 8.99%
No 99 96.12% No 81 91.01%
Total 103 100.00% Total 89 100.00%

Bulb Type Bulb Type
Pronounced 91 75.83% Pronounced 66 71.74%
Diffuse 29 24.17% Diffuse 26 28.26%
Total 120 100.00% Total 92 100.00%

Normal Flakes (Complete Cortical) Normal Flakes (Complete Noncortical)

Table 21 continued.
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Blades (Complete)
Platform Type Platform Type

Cortical 18 20.69% Cortical 13 22.41%
Single facet 34 39.08% Single facet 21 36.21%
Multifacet 19 21.84% Multifacet 12 20.69%
Crushed 16 18.39% Crushed 12 20.69%
Total 87 100.00% Total 58 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 57 Count 41
Mean 4.62 Mean 4.68
St. Dev 3.0139 St. Dev 3.0197
Var 3.0139 Var 9.1187

Platform Width (mm) Platform Width (mm)
Count 37 Count 32
Mean 10.71 Mean 10.99
St. Dev 4.5550 St. Dev 4.6719
Var 20.7478 Var 21.8264

Platform Abrasion Platform Abrasion
Yes 24 40.00% Yes 19 45.24%
No 36 60.00% No 23 54.76%
Total 60 100.00% Total 42 100.00%

Platform Isolated Platform Isolated
Yes 13 20.63% Yes 10 23.26%
No 50 79.37% No 33 76.74%
Total 63 100.00% Total 43 100.00%

Platform Lipped Platform Lipped
Yes 20 27.03% Yes 12 24.49%
No 54 72.97% No 37 75.51%
Total 74 100.00% Total 49 100.00%

Bulb Type Bulb Type
Pronounced 49 62.03% Pronounced 33 61.11%
Diffuse 30 37.97% Diffuse 21 38.89%
Total 79 100.00% Total 54 100.00%

continued

Blades                                                                  
(Complete and Proximal Fragments)

Table 22. Platform attributes for blades from Clovis 3b debitage.
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Blades (Complete Cortical) Blades (Complete Noncortical)
Platform Type Platform Type

Cortical 13 37.14% Single facet 10 43.48%
Single facet 11 31.43% Multifacet 8 34.78%
Multifacet 4 11.43% Crushed 5 21.74%
Crushed 7 20.00% Total 23 100.00%
Total 35 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 25 Count 16
Mean 5.09 Mean 4.03
St. Dev 3.5179 St. Dev 1.9450
Var 12.3754 Var 3.7830

Platform Width (mm) Platform Width (mm)
Count 21 Count 11
Mean 11.72 Mean 9.6
St. Dev 5.4415 St. Dev 2.2804
Var 29.6098 Var 5.2004

Platform Abrasion Platform Abrasion
Yes 9 36.00% Yes 10 58.82%
No 16 64.00% No 7 41.18%
Total 25 100.00% Total 17 100.00%

Platform Isolated Platform Isolated
Yes 5 19.23% Yes 5 29.41%
No 21 80.77% No 12 70.59%
Total 26 100.00% Total 17 100.00%

Platform Lipped Platform Lipped
Yes 5 17.24% Yes 7 35.00%
No 24 82.76% No 13 65.00%
Total 29 100.00% Total 20 100.00%

Bulb Type Bulb Type
Pronounced 21 67.74% Pronounced 8 42.11%
Diffuse 10 32.26% Diffuse 11 57.89%
Total 31 100.00% Total 19 100.00%

Table 22 continued.
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Platform Type Platform Type
Cortical 14 9.59% Cortical 11 11.83%
Single facet 34 23.29% Single facet 24 25.81%
Multifacet 91 62.33% Multifacet 52 55.91%
Crushed 7 4.79% Crushed 6 6.45%
Total 146 100.00% Total 93 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 128 Count 82
Mean 3.46 Mean 3.65
St. Dev 1.8884 St. Dev 2.1688
Var 3.5661 Var 4.7038

Platform Width (mm) Platform Width (mm)
Count 18 Count 18
Mean 15.64 Mean 15.64
St. Dev 6.3759 St. Dev 6.3759
Var 40.6516 Var 40.6516

Platform Abrasion Platform Abrasion
Yes 90 64.75% Yes 48 55.17%
No 49 35.25% No 39 44.83%
Total 139 100.00% Total 87 100.00%

Platform Isolated Platform Isolated
Yes 47 34.06% Yes 25 29.07%
No 91 65.94% No 61 70.93%
Total 138 100.00% Total 86 100.00%

Platform Lipped Platform Lipped
Yes 65 46.10% Yes 35 39.33%
No 76 53.90% No 54 60.67%
Total 141 100.00% Total 89 100.00%

Bulb Type Bulb Type
Pronounced 49 36.57% Pronounced 33 37.93%
Diffuse 85 63.43% Diffuse 54 62.07%
Total 134 100.00% Total 87 100.00%

continued

Biface Thinning Flakes (Complete)
Biface Thinning Flakes                                         

(Complete and Proximal Fragments)

Table 23. Platform attributes for biface thinning flakes from Clovis 3b 
debitage.
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Platform Type Platform Type
Cortical 11 26.19% Single facet 12 23.53%
Single facet 12 28.57% Multifacet 34 66.67%
Multifacet 18 42.86% Crushed 5 9.80%
Crushed 1 2.38% Total 51 100.00%
Total 42 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 40 Count 42
Mean 4.68 Mean 2.66
St. Dev 2.5687 St. Dev 0.9875
Var 6.5980 Var 0.9751

Platform Width (mm) Platform Width (mm)
Count 15 Count 3
Mean 16.87 Mean 9.47
St. Dev 6.2721 St. Dev 1.2503
Var 39.3396 Var 1.5633

Platform Abrasion Platform Abras %
Yes 17 41.46% Yes 31 67.39%
No 24 58.54% No 15 32.61%
Total 41 100.00% Total 46 100.00%

Platform Isolated Platform Isolated
Yes 9 21.95% Yes 16 35.56%
No 32 78.05% No 29 64.44%
Total 41 100.00% Total 45 100.00%

Platform Lipped Platform Lipped
Yes 14 33.33% Yes 21 44.68%
No 28 66.67% No 26 55.32%
Total 42 100.00% Total 47 100.00%

Bulb Type Bulb Type
Pronounced 23 56.10% Pronounced 10 21.74%
Diffuse 18 43.90% Diffuse 36 78.26%
Total 41 100.00% Total 46 100.00%

Biface Thinning Flakes                                      
(Complete Cortical)

Biface Thinning Flakes                           
(Complete Noncortical)

Table 23 continued.
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Because flakes related to different reduction trajectories are represented within 

Excavation Area 8 (e.g. blade versus biface), chi-square was used to examine potential 

differences between abrasion and isolation by specific flake type (Table 7). No 

significant differences are noted for either technique when blades and biface thinning 

flakes are considered separately. However, normal flakes do show significant differences 

for both abrasion and isolation; Unit 3a has more abraded and isolated platforms than 

Unit 3b. 

Tables 18 through 23 breakdown platform characteristics even further. Blades, 

bifaces thinning flakes, and normal flakes generally follow the same patterns for Unit 3a 

and 3b. When platform-related characteristics are considered for grouped cortical and 

noncortical flake types, subtle differentiation is masked. When considered separately, it 

becomes clear that the greatest amount of change is seen in noncortical flakes. Platform 

thickness and width decrease for complete noncortical blades, biface thinning flakes, and 

regular flakes. Conversely, platform abrasion and isolation increase for noncortical items 

in these groups. The percentages of lipped platforms and diffuse bulbs increase as well. 

An exception is seen in the normal flake group where in Unit 3a platform thickness 

increases for complete noncortical regular flakes; platform lipping decreases also in this 

same group. 

Few technological differences were noted between the Clovis levels, an observation 

made for other portions of the lithic assemblage from Excavation Area 8 (Dickens 

2005:230). Differences seem more related to taphonomic processes, as well as intensity 

and manner of site use; therefore, the data from both components are treated as one 
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entity when compared individually to the post-Clovis Paleoindian and Early Archaic 

components in the following discussion.  

 

Question No. 2: Clovis Component Contrasted with post-Clovis Paleoindian and Early 

Archaic Components 

Blades were not included for comparison in this section because their presence is 

distinctly underrepresented in the post-Clovis Paleoindian and Archaic components. One 

complete blade and 23 fragments were recovered from the post-Clovis Paleoindian 

component, but they exhibit all the characteristics of true Clovis blades. Post-Clovis 

Paleoindian inhabitants at the site could have curated these blades. The 13 blades and 

blade fragments from the Early Archaic component are comparatively different; most are 

blade-like flakes and two appear to actually represent the lateral edge of a biface. In 

addition, the post-Clovis Paleoindian stratum has the least amount of artifactual material 

and small frequencies hinder definitive interpretations. This component also represents 

several thousand years of different cultural occupations in one stratum, but there was no 

differentiation in this deposit to allow further refinement of the lithic assemblage. 

Raw Material Type. As with the Clovis component, very little variation in material 

type was observed in either the post-Clovis Paleoindian or Early Archaic component; the 

majority of the assemblage consisted of locally or regionally available Edwards chert 

(Table 4). No distinctive differences were discernable to provide a more refined 

determination of specific varieties of Edwards chert and this may be attributable to 

patination or staining. The same material characteristics noted previously for the Clovis 
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levels apply to lithic material in the post-Clovis Paleoindian and Early Archaic strata. 

Two pieces of coarse-grained quartzite and three unidentified material types were 

observed in the Early Archaic component. The unidentified material type is a 10YR 6/3 

pale brown with 10YR 4/3 brown inclusions. 

The same corner ridges present in the Clovis assemblage are represented in the post-

Clovis Paleoindian and Early Archaic levels. Cortical flakes have an unweathered, soft, 

white limestone characteristic of tabular or nodular pieces. Hard, stream-worn cortex 

was noted in less than one percent of the debitage. 

Size and Weight. There is no difference between the combined Clovis components 

and the post-Clovis Paleoindian stratum with respect to flake size; however, the 

difference between the Clovis component and the Early Archaic is highly significant 

(Table 24). More flakes greater than 3.81 cm in size are expected for the Early Archaic. 

Mean flake weights for the post-Clovis Paleoindian and Early Archaic are both smaller 

than those for Clovis (Table 5), but the post-Clovis Paleoindian debitage weights are 

smaller than the Early Archaic as well (Table 6). The maximum weight values in the 

post-Clovis Paleoindian do not approach those for either Clovis or Early Archaic 

debitage. The overall reduction pattern is similar to Clovis where weight decreases with 

size and removal of cortical material (Tables 8 and 9). 

Exterior Cortex and Flake Scar Pattern. The percentage of cortex for complete 

flakes were similar between the Clovis and Early Archaic strata. No significant 

differences were observed (Table 24). The post-Clovis Paleoindian component yielded a  
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Components χ2 p φ2

Size
Complete Flakes Only Early Archaic/Clovis 7.0943 0.0077 0.0040

PC Paleoindian*/Clovis 2.4234 0.1195 –

Cortex
Cortical/Noncortical Early Archaic/Clovis 2.0999 0.1473 –

PC Paleoindian/Clovis 8.2923 0.0040 0.0053

Flake Fragmentation
Complete Flakes/All Fragments Early Archaic/Clovis 0.3251 0.5685 –

PC Paleoindian/Clovis 25.0364 0.0000 0.0069

Proximal/Medial/Distal Fragments Early Archaic/Clovis 1.6285 0.4430 –

PC Paleoindian/Clovis 13.2336 0.0013 0.0068

Platform Characteristics and Treatment
Abrasion Biface Thinning Flakes Early Archaic/Clovis 2.1644 0.1412 –

PC Paleoindian/Clovis 2.0843 0.1488 –

Abrasion Normal Flakes Early Archaic/Clovis 1.9889 0.1585 –

PC Paleoindian/Clovis 4.1130 0.0426 –

Isolation Biface Thinning Flakes Early Archaic/Clovis 14.5460 0.0001 0.0231
PC Paleoindian/Clovis 4.3038 0.0380 –

Isolation Normal Flakes Early Archaic/Clovis 648.6729 0.0000 0.6225
PC Paleoindian/Clovis 1.6674 0.1966 –

*post-Clovis Paleoindian

Table 24. Summary Chi square statistics at 0.01 level of significance for Clovis versus 
post-Clovis Paleoindian and Early Archaic.

89



higher percentage of noncortical flakes (Table 25) and the difference is statistically 

significant, but weakly correlated. For biface thinning flakes, both the post-Clovis 

Paleoindian and Early Archaic components have a higher percentage of noncortical 

biface thinning flakes than the Clovis levels (Table 26). For normal flakes, the Early 

Archaic sample is similar to Clovis, but the post-Clovis Paleoindian has a lower 

percentage of cortical flakes. 

 

Table 25. Frequency and percent of dorsal cortex for complete flakes 
(combined Clovis assemblage). 

  Cortical Noncortical Total 
Early Archaic 132 48.53% 140 51.47% 272 

post-Clovis Paleoindian 25 35.71% 45 64.29% 70 
Clovis 800 53.30% 701 46.70% 1501 
Total 957 51.93% 886 48.07% 1843 

 

 

Table 26. Frequency and percent of dorsal cortex for complete flakes by 
flake type for the Late Paleoindian and Early Archaic components 

(combined Clovis assemblage).  
  Biface Thinning Flakes 

 
Cortical % Noncortical % Total 

Early Archaic 24 27.27 64 72.73 88 
post-Clovis Paleoindian  1 5.88 16 94.12 17 

Clovis 141 35.52 256 64.48 397 

      
 

Normal Flakes 

 
Cortical % Noncortical % Total 

Early Archaic 97 58.79 68 41.21 165 
post-Clovis Paleoindian  24 48.00 26 52.00 50 

Clovis 479 60.63 311 39.37 790 
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The post-Clovis Paleoindian shows an increased percentage of radial/subradial 

exterior flake scar patterns related to biface thinning and manufacture (Table 27). The 

Early Archaic flake scar patterns are similar to the Clovis levels. 

Flake Fragmentation and Flake Termination. As with the Clovis levels, most flake 

fragments could be identified as proximal, medial or distal portions. Overall, the post-

Clovis Paleoindian stratum produced the highest percentage of total flake fragments and 

it is a significant difference (Table 24); more complete flakes are expected for the post-

Clovis Paleoindian. Generally, the Early Archaic component percentages are similar to 

Clovis (Table 28). 

Why is the post-Clovis Paleoindian stratum more fragmented than Clovis? The post-

Clovis Paleoindian stratum formed through rapid deposition of floodplain sediments, 

which would cover exposed artifacts on the surface and protect them from trampling. 

Depositional rates might also limit access to this area of the site. If fracture rates cannot 

be attributed to post-depositional processes, they must be related to manufacturing. It 

seems like knapping error is a more plausible scenario, because less cortical material in 

the post-Clovis Paleoindian stratum also suggests that a different stage of biface 

reduction may have occurred in Excavation Area 8 in the post-Clovis Paleoindian 

period. 

For flake termination, the post-Clovis Paleoindian has fewer feather terminations and 

more step fractures than Clovis. The Early Archaic has more feather terminations and 

fewer step fractures. By definition, proximal fragments terminate in step fractures and 

the post-Clovis Paleoindian component contained the highest percentage of step 
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terminations as well as proximal fragments (Table 29). The Early Archaic and Clovis 

strata are relatively similar with lower percentages of step fractures and more feather 

terminations and Clovis. The post-Clovis Paleoindian stratum contained the lowest 

percentage of hinge terminations and the Early Archaic has more than Clovis. A small 

number of overshot fractures were identified in the post-Clovis Paleoindian and Early 

Archaic levels, but in comparably insignificant quantities and their presence is not 

unexpected since an incidental number might be produced during biface reduction. 

 

 

Table 29. Termination types observed on complete flakes and distal fragments 
(combined Clovis assemblage). 

  Feather Step Hinge Overshot Total 
Early Archaic 276 58.97% 83 17.74% 92 19.66% 17 3.63% 468 

post-Clovis 
Paleoindian 79 45.66% 61 35.26% 29 16.76% 4 2.31% 173 

Clovis 1399 50.41% 574 20.68% 593 21.37% 209 7.53% 2775 
Total 1754   718   714   230   3416 
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Platform Type and Related Characteristics. Within the post-Clovis Paleoindian 

normal debitage, the percentage of multifaceted and crushed platforms increase after 

cortical material has been removed (Table 31). Platform thickness slightly decreases. No 

abraded platforms were identified in the cortical sample and few abraded platforms were 

identified in the noncortical category (n=2), but 38.89 percent of the sample (7 out of 18) 

have crushed platforms. Only one cortical flake had an isolated platform and no isolation 

was noted among noncortical flakes. Lipped platforms were virtually absent among 

cortical or noncortical flakes. The percentage of diffuse bulbs increases slightly, but 

sample sizes are small. Pronounced bulbs dominate the cortical flakes, but the 

percentages in comparison to diffuse bulbs for noncortical flakes are much closer. 

In reference to biface thinning debitage, a single cortical flake makes comparison 

between cortical and noncortical debitage difficult in the sample of normal flakes (Table 

32). However, noncortical flakes are represented by more than 60 percent multifaceted 

platforms, a significant increase compared to normal noncortical flakes. The percentage 

of crushed platforms is congruent as well. Few lipped platforms were identified, but all 

bulbs of force were diffuse. 

Compared to the Clovis sample, the percentage of cortical, single faceted and 

multifaceted platforms increases among normal flakes, as do crushed platforms and 

platform thickness (Table 33). Much less abrasion and isolation are represented in the 

post-Clovis Paleoindian normal debitage. Platform lipping increases among noncortical 
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Platform Type Platform Type
Cortical 13 18.57% Cortical 11 22.45%
Single facet 25 35.71% Single facet 16 32.65%
Multifacet 23 32.86% Multifacet 15 30.61%
Crushed 9 12.86% Crushed 7 14.29%
Total 70 100.00% Total 49 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 43 Count 28
Mean 5.8 Mean 6.22
St. Dev 3.8559 St. Dev 4.3263
Var 14.8679 Var 18.7171

Platform Abrasion Platform Abrasion
Yes 3 5.08% Yes 2 4.65%
No 56 94.92% No 41 95.35%
Total 59 100.00% Total 43 100.00%

Platform Isolated Platform Isolated
Yes 1 1.67% Yes 1 2.33%
No 59 98.33% No 42 97.67%
Total 60 100.00% Total 43 100.00%

Platform Lipped Platform Lipped
Yes 4 5.97% Yes 2 4.17%
No 63 94.03% No 46 95.83%
Total 67 100.00% Total 48 100.00%

Bulb Type Bulb Type
Pronounced 35 70.00% Pronounced 22 66.67%
Diffuse 15 30.00% Diffuse 11 33.33%
Total 50 100.00% Total 33 100.00%

continued

Normal Flakes                                                          
(Complete and Proximal Fragments) Normal Flakes (Complete Only)

Table 31. Platform attributes for normal flakes from post-Clovis Paleoindian 
debitage.
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Platform Type Platform Type
Cortical 11 44.00% Single facet 8 33.33%
Single facet 8 32.00% Multifacet 9 37.50%
Multifacet 6 24.00% Crushed 7 29.17%
Total 25 100.00% Total 24 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 17 Count 11
Mean 6.38 Mean 5.96
St. Dev 4.4583 St. Dev 4.3147
Var 19.8765 Var 18.6165

Platform Abrasion Platform Abrasion
Yes 0 0.00% Yes 2 11.11%
No 25 100.00% No 16 88.89%
Total 25 100.00% Total 18 100.00%

Platform Isolated Platform Isolated
Yes 1 4.00% Yes 0 0.00%
No 24 96.00% No 18 100.00%
Total 25 100.00% Total 18 100.00%

Platform Lipped Platform Lipped
Yes 0 0.00% Yes 2 8.70%
No 25 100.00% No 21 91.30%
Total 25 100.00% Total 23 100.00%

Bulb Type Bulb Type
Pronounced 12 85.71% Pronounced 10 58.82%
Diffuse 2 14.29% Diffuse 7 41.18%
Total 14 100.00% Total 17 100.00%

Normal Flakes (Complete Cortical) Normal Flakes (Complete Noncortical)

Table 31 continued.
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Platform Type Platform Type
Cortical 3 6.82% Cortical 1 5.88%
Single facet 7 15.91% Single facet 1 5.88%
Multifacet 27 61.36% Multifacet 10 58.82%
Crushed 7 15.91% Crushed 5 29.41%
Total 44 100.00% Total 17 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 21 Count 7
Mean 2.50 Mean 2.43
St. Dev 0.8885 St. Dev 2.1688
Var 0.7895 Var 4.7038

Platform Abrasion Platform Abrasion
Yes 19 51.35% Yes 7 58.33%
No 18 48.65% No 5 41.67%
Total 37 100.00% Total 12 100.00%

Platform Isolated Platform Isolated
Yes 4 10.81% Yes 1 8.33%
No 33 89.19% No 11 91.67%
Total 37 100.00% Total 12 100.00%

Platform Lipped Platform Lipped
Yes 8 19.05% Yes 2 13.33%
No 34 80.95% No 13 86.67%
Total 42 100.00% Total 15 100.00%

Bulb Type Bulb Type
Pronounced 4 16.67% Pronounced 2 18.18%
Diffuse 20 83.33% Diffuse 9 81.82%
Total 24 100.00% Total 11 100.00%

continued

Biface Thinning Flakes (Complete)
Biface Thinning Flakes                                   

(Complete and Proximal Fragments)

Table 32. Platform attributes for biface thinning flakes from post-Clovis 
Paleoindian debitage.
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Platform Type Platform Type
Cortical 1 100.00% Single facet 1 6.25%
Single facet 0 0.00% Multifacet 10 62.50%
Multifacet 0 0.00% Crushed 5 31.25%
Crushed 0 0.00% Total 16 100.00%
Total 1 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 1.9 Count 6
Mean n/a Mean 2.52
St. Dev n/a St. Dev 1.1957
Var n/a Var 1.4297

Platform Abrasion Platform Abrasion
Yes 0 0.00% Yes 7 63.64%
No 1 100.00% No 4 36.36%
Total 1 100.00% Total 11 100.00%

Platform Isolated Platform Isolated
Yes 0 0.00% Yes 1 9.09%
No 1 100.00% No 10 90.91%
Total 1 100.00% Total 11 100.00%

Platform Lipped Platform Lipped
Yes 0 0.00% Yes 2 14.29%
No 1 100.00% No 12 85.71%
Total 1 100.00% Total 14 100.00%

Bulb Type Bulb Type
Pronounced 1 100.00% Pronounced 0 0.00%
Diffuse 0 0.00% Diffuse 9 100.00%
Total 1 100.00% Total 9 100.00%

Biface Thinning Flakes (Complete 
Cortical)

Biface Thinning Flakes (Complete 
Noncortical)

Table 32 continued. 
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Platform Type Platform Type
Cortical 247 23.57% Cortical 187 23.67%
Single facet 317 30.25% Single facet 241 30.51%
Multifacet 317 30.25% Multifacet 230 29.11%
Crushed 167 15.94% Crushed 132 16.71%
Total 1048 100.00% Total 790 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 686 Count 509
Mean 4.79 Mean 4.95
St. Dev 3.0955 St. Dev 3.2585
St.Error 0.1182 St.Error 0.1444

Platform Abrasion Platform Abrasion
Yes 124 14.44% Yes 71 11.06%
No 735 85.56% No 571 88.94%
Total 859 100.00% Total 642 100.00%

Platform Isolated Platform Isolated
Yes 48 5.52% Yes 35 5.39%
No 821 94.48% No 614 94.61%
Total 869 100.00% Total 649 100.00%

Platform Lipped Platform Lipped
Yes 64 6.89% Yes 40 5.71%
No 865 93.11% No 660 94.29%
Total 929 100.00% Total 700 100.00%

Bulb Type Bulb Type
Pronounced 568 72.63% Pronounced 434 73.19%
Diffuse 214 27.37% Diffuse 159 26.81%
Total 782 100.00% Total 593 100.00%

continued

Normal Flakes                                        
(Complete and Proximal Fragments) Normal Flakes (Complete Only)

Table 33. Platform attributes for normal flakes from the combined Clovis 
debitage assemblage.
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Platform Type Platform Type
Cortical 187 39.04% Single facet 109 35.05%
Single facet 132 27.56% Multifacet 146 46.95%
Multifacet 84 17.54% Crushed 56 18.01%
Crushed 76 15.87% Total 311 100.00%
Total 479 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 305 Count 204
Mean 4.88 Mean 5.04
St. Dev 3.4779 St. Dev 2.9056
St.Error 0.1991 St.Error 0.2034

Platform Abrasion Platform Abrasion
Yes 27 6.85% Yes 44 17.74%
No 367 93.15% No 204 82.26%
Total 394 100.00% Total 248 100.00%

Platform Isolated Platform Isolated
Yes 16 4.00% Yes 19 7.63%
No 384 96.00% No 230 92.37%
Total 400 100.00% Total 249 100.00%

Platform Lipped Platform Lipped
Yes 24 5.62% Yes 16 5.86%
No 403 94.38% No 257 94.14%
Total 427 100.00% Total 273 100.00%

Bulb Type Bulb Type
Pronounced 256 72.32% Pronounced 178 74.48%
Diffuse 98 27.68% Diffuse 61 25.52%
Total 354 100.00% Total 239 100.00%

Normal Flakes (Complete Cortical)
Normal Flakes (Complete 

Noncortical)

Table 33 continued.
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flakes and there is an increase in pronounced bulbs of force among cortical flakes and an 

increase in diffuse bulbs among noncortical flakes. For biface thinning, cortical and 

single faceted platforms decrease, but the percentage of multifaceted platforms is similar 

to Clovis. Crushed platforms show a dramatic increase (Table 34). Platform thickness 

decreases among noncortical biface thinning flakes. Rates of abrasion are similar, but the 

percentage of isolated platforms greatly decreases. While there is a decrease in the 

percentage of lipped platforms, there is a fairly large increase in diffuse bulbs of force. 

Early Archaic normal flakes show the same increase in multifaceted and crushed 

platforms (Table 35). Use of platform abrasion and isolation increases as reduction 

progresses, but there is an unexpected increase in platform thickness that may be due to 

two statistical outliers (18.30 and 19.60 mm). The percentages of lipped platforms are 

relatively the same but diffuse bulbs actually decrease. Within the biface thinning flake 

sample, multifaceted and crushed platforms increase and thickness decreases among 

noncortical flakes (Table 36). Abraded and lipped platforms, as well as diffuse bulbs, 

show increased percentages. The rate of isolated platforms is similar. 
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Platform Type Platform Type
Cortical 42 6.95% Cortical 35 8.82%
Single facet 127 21.03% Single facet 96 24.18%
Multifacet 370 61.26% Multifacet 213 53.65%
Crushed 65 10.76% Crushed 53 13.35%
Total 604 100.00% Total 397 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 407 Count 258
Mean 3.33 Mean 3.57
St. Dev 2.0365 St. Dev 2.3602
St.Error 0.1009 St.Error 0.1469

Platform Abrasion Platform Abrasion
Yes 349 65.23% Yes 199 58.36%
No 186 34.77% No 142 41.64%
Total 535 100.00% Total 341 100.00%

Platform Isolated Platform Isolated
Yes 143 26.78% Yes 88 25.88%
No 391 73.22% No 252 74.12%
Total 534 100.00% Total 340 100.00%

Platform Lipped Platform Lipp %
Yes 218 38.38% Yes 44 15.38%
No 350 61.62% No 242 84.62%
Total 568 100.00% Total 286 100.00%

Bulb Type Bulb Type
Pronounced 141 31.54% Pronounced 103 35.52%
Diffuse 306 68.46% Diffuse 187 64.48%
Total 447 100.00% Total 290 100.00%

continued

Biface Thinning Flakes                                           
(Complete and Proximal Fragments) Biface Thinning Flakes (Complete)

Table 34. Platform attributes for biface thinning flakes from the combined 
Clovis debitage assemblage.
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Platform Type Platform Type
Cortical 35 24.82% Single facet 55 21.48%
Single facet 41 29.08% Multifacet 163 63.67%
Multifacet 50 35.46% Crushed 38 14.84%
Crushed 15 10.64% Total 256 100.00%
Total 141 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 99 Count 160
Mean 4.76 Mean 2.83
St. Dev 2.9275 St. Dev 1.5179
St.Error 0.2942 St.Error 0.1200

Platform Abrasion Platform Abrasion
Yes 54 43.20% Yes 146 67.28%
No 71 56.80% No 71 32.72%
Total 125 100.00% Total 217 100.00%

Platform Isolated Platform Isolated
Yes 29 23.20% Yes 60 27.78%
No 96 76.80% No 156 72.22%
Total 125 100.00% Total 216 100.00%

Platform Lipped Platform Lipped
Yes 32 24.43% Yes 94 39.66%
No 99 75.57% No 143 60.34%
Total 131 100.00% Total 237 100.00%

Bulb Type Bulb Type
Pronounced 59 53.64% Pronounced 45 24.86%
Diffuse 51 46.36% Diffuse 136 75.14%
Total 110 100.00% Total 181 100.00%

Biface Thinning Flakes (Complete 
Cortical)

Biface Thinning Flakes (Complete 
Noncortical)

Table 34 continued.
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Platform Type Platform Type
Cortical 46 21.30% Cortical 32 19.51%
Single facet 67 31.02% Single facet 52 31.71%
Multifacet 72 33.33% Multifacet 56 34.15%
Crushed 31 14.35% Crushed 24 14.63%
Total 216 100.00% Total 164 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 161 Count 127
Mean 5.94 Mean 6.06
St. Dev 4.1608 St. Dev 4.4442
Var 17.3120 Var 19.7507

Platform Abrasion Platform Abrasion
Yes 20 11.24% Yes 15 11.19%
No 158 88.76% No 119 88.81%
Total 178 100.00% Total 134 100.00%

Platform Isolated Platform Isolated
Yes 6 3.26% Yes 6 4.32%
No 178 96.74% No 133 95.68%
Total 184 100.00% Total 139 100.00%

Platform Lipped Platform Lipped
Yes 12 5.91% Yes 10 6.54%
No 191 94.09% No 143 93.46%
Total 203 100.00% Total 153 100.00%

Bulb Type Bulb Type
Pronounced 114 65.90% Pronounced 86 64.18%
Diffuse 59 34.10% Diffuse 48 35.82%
Total 173 100.00% Total 134 100.00%

continued

Normal Flakes                                                                    
(Complete and Proximal Fragments) Normal Flakes (Complete Only)

Table 35. Platform attributes for normal flakes from Early Archaic debitage.
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Platform Type Platform Type
Cortical 32 32.99% Single facet 20 29.85%
Single facet 32 32.99% Multifacet 36 53.73%
Multifacet 20 20.62% Crushed 11 16.42%
Crushed 13 13.40% Total 67 100.00%
Total 97 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 77 Count 50
Mean 5.61 Mean 6.74
St. Dev 3.6805 St. Dev 4.4543
Var 13.5463 Var 19.8409

Platform Abrasion Platform Abrasion
Yes 5 6.25% Yes 10 18.52%
No 75 93.75% No 44 81.48%
Total 80 100.00% Total 54 100.00%

Platform Isolated Platform Isolated
Yes 2 2.38% Yes 4 7.27%
No 82 97.62% No 51 92.73%
Total 84 100.00% Total 55 100.00%

Platform Lipped Platform Lipped
Yes 6 6.74% Yes 4 6.25%
No 83 93.26% No 60 93.75%
Total 89 100.00% Total 64 100.00%

Bulb Type Bulb Type
Pronounced 46 58.97% Pronounced 40 71.43%
Diffuse 32 41.03% Diffuse 16 28.57%
Total 78 100.00% Total 56 100.00%

Normal Flakes (Complete Cortical) Normal Flakes (Complete Noncortical)

Table 35 continued.
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Platform Type Platform Type
Cortical 12 10.17% Cortical 11 12.50%
Single facet 14 11.86% Single facet 10 11.36%
Multifacet 68 57.63% Multifacet 49 55.68%
Crushed 24 20.34% Crushed 18 20.45%
Total 118 100.00% Total 88 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 76 Count 57
Mean 2.73 Mean 2.71
St. Dev 1.6215 St. Dev 1.2869
Var 2.6293 Var 1.6562

Platform Abrasion Platform Abrasion
Yes 54 58.70% Yes 39 56.52%
No 38 41.30% No 30 43.48%
Total 92 100.00% Total 69 100.00%

Platform Isolated Platform Isolated
Yes 8 8.51% Yes 6 8.57%
No 86 91.49% No 64 91.43%
Total 94 100.00% Total 70 100.00%

Platform Lipped Platform Lipped
Yes 43 39.81% Yes 30 37.50%
No 65 60.19% No 50 62.50%
Total 108 100.00% Total 80 100.00%

Bulb Type Bulb Type
Pronounced 24 26.37% Pronounced 18 26.47%
Diffuse 67 73.63% Diffuse 50 73.53%
Total 91 100.00% Total 68 100.00%

continued

Biface Thinning Flakes (Complete)
Biface Thinning Flakes                                  

(Complete and Proximal Fragments)

Table 36. Platform attributes for biface thinning flakes from Early Archaic 
debitage.
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Platform Type Platform Type
Cortical 11 45.83% Single facet 9 14.06%
Single facet 1 4.17% Multifacet 39 60.94%
Multifacet 10 41.67% Crushed 16 25.00%
Crushed 2 8.33% Total 64 100.00%
Total 24 100.00%

Platform Thickness (mm) Platform Thickness (mm)
Count 17 Count 40
Mean 2.86 Mean 2.64
St. Dev 0.9055 St. Dev 1.4234
Var 0.8199 Var 2.0260

Platform Abrasion Platform Abrasion
Yes 11 50.00% Yes 28 59.57%
No 11 50.00% No 19 40.43%
Total 22 100.00% Total 47 100.00%

Platform Isolated Platform Isolated
Yes 2 9.09% Yes 4 8.33%
No 20 90.91% No 44 91.67%
Total 22 100.00% Total 48 100.00%

Platform Lipped Platform Lipped
Yes 5 22.73% Yes 25 43.10%
No 17 77.27% No 33 56.90%
Total 22 100.00% Total 58 100.00%

Bulb Type Bulb Type
Pronounced 6 30.00% Pronounced 12 25.00%
Diffuse 14 70.00% Diffuse 36 75.00%
Total 20 100.00% Total 48 100.00%

Biface Thinning Flakes (Complete 
Cortical)

Biface Thinning Flakes (Complete 
Noncortical)

Table 36 continued.
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Compared to the Clovis levels, normal debitage has lower percentages of cortical and 

crushed platforms and higher percentages of single faceted and multifaceted platforms, 

although the differences are slight. Platform thickness increases for both cortical and 

noncortical normal flakes. Rates of abrasion are very similar and the percentages of 

isolation decrease somewhat. Platform lipping and diffuse bulbs of force show an 

increase over the Clovis sample. 

The percentage of cortical and single faceted platforms for cortical biface thinning 

flakes increases sharply compared to Clovis. Platform percentages among noncortical 

flakes decrease somewhat for all types except for crushed platforms. Platform thickness 

decreases for both cortical and noncortical biface thinning flakes. Rates of abrasion 

increase for cortical flakes, but decrease for noncortical debitage. Platform isolation 

dramatically decreases for the entire sample. Platform lipping is roughly the same 

between the Clovis and Early Archaic for both cortical and noncortical flakes; however, 

bulbs of force detour from the expected low percentages in diffuse bulbs among 

noncortical flakes. In the Clovis levels, cortical biface thinning percentages are almost 

the same between pronounced and diffuse bulbs; in the Early Archaic, diffuse bulbs of 

force show a marked increase (46.36 percent/Clovis and 70.00 percent/Early Archaic).  

In general, the percentages of single facet and multifacet platform types and crushed 

platforms are relatively similar for all three components (Table 37).  

109



 
Table 37. Platform types based on complete flakes and proximal fragments 

(combined Clovis assemblage). 

  Cortical 
Single-
faceted 

Multi-
faceted Crushed Total 

Early Archaic 59 17% 88 25% 149 42% 59 17% 355 
post-Clovis 
Paleoindian 17 13% 37 28% 54 42% 22 17% 130 

Clovis 354 17% 606 29% 818 39% 298 14% 2076 
Total 430   731   1021   379   2561 

           

 

The post-Clovis Paleoindian stratum has the lowest percentage of cortical platforms, just 

as it has the lowest percentage of cortical flakes, while the higher percentage of cortical 

platforms in the Clovis and Archaic components are similar to each other and reflect the 

same cortical patterns presented above for complete flakes. Slightly fewer crushed 

platforms were noted in the Clovis levels. 

In reference to platform preparation, the percentages of abrasion and isolation 

decrease in the post-Clovis Paleoindian and Early Archaic strata (Tables 38 and 39). 

Because flakes related to different reduction trajectories are represented within 

Excavation Area 8 (e.g. blade versus biface), chi-square was used to examine potential 

differences between abrasion and isolation by specific flake type. However, there is no 

significant difference in the use of abrasion between Clovis and post-Clovis Paleoindian 

or Clovis and Early Archaic for either biface thinning flakes or normal flakes (Table 24). 

There is a significant difference between the components in terms of platform isolation; 
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more isolated platforms are expected in the post-Clovis Paleoindian and Early Archaic 

strata. 

 
 

Table 38. Platform abrasion (combined Clovis assemblage). 
  Abraded Unabraded Total 

Early Archaic 78 27.18% 209 72.82% 287 
post-Clovis 
Paleoindian 25 23.58% 81 76.42% 106 

Clovis 3b 609 35.28% 1117 64.72% 1726 
Total 712 33.60% 1407 66.40% 2119 

 

 

Table 39. Platform isolation per component (combined Clovis 
assemblage). 

  Isolated Not Isolated Total 
Early Archaic 15 5.08% 280 94.92% 295 

post-Clovis 
Paleoindian 6 5.61% 101 94.39% 107 

Clovis 254 14.62% 1483 85.38% 1737 
Total 275 12.86% 1864 87.14% 2139 

 

 

Question No. 3: Temporal Changes between Components 

Raw Material Types. Few changes were observed in raw material type from the Clovis 

Unit 3a to the Early Archaic. High quality Edwards chert predominates through time 

(Table 4). Though the material does present challenges to manufacturing in the form of 

internal inconsistencies, this did not decrease its desirability as toolstone. Rectangular to 

subrectangular nodules of chert with soft, limestone cortex were chosen for both blade 

111



manufacture and biface reduction. Less than one percent of the entire collection was 

composed of hard, smooth cortex associated with stream gravels. Natural ridges served 

to guide initial removals during either biface or blade manufacture as evidenced by 

cortical flakes from all four cultural components. Few distinctive material types could be 

identified from Excavation Area 8 with the exception of quartzite in Clovis Unit 3a and 

the Early Archaic strata and these numbers were negligible. The same is true for the two 

unidentified chert types present in the same components. 

Size and Weight. Though the percentages of larger flakes decrease somewhat through 

time (Table 5), no significant differences were observed in the size of flakes (Table 40). 

The post-Clovis Paleoindian debitage does not differ significantly from Clovis, nor does 

the Early Archaic differ from the post-Clovis Paleoindian. The Early Archaic does differ 

significantly from the Clovis levels (Table 24) suggesting at least a moderate decrease in 

size in reference to larger flakes. This is reflected in mean flakes weights, which also 

gradually decline from Clovis to Early Archaic times (Table 6). The post-Clovis 

Paleoindian component produced the lowest percentage of flakes greater than 3.81 cm in 

size and the lowest mean flake weight. This may be related to a difference in reduction 

activities in the post-Clovis Paleoindian stratum; it also has the least amount of cortical 

debitage and the difference between cortical and noncortical debitage is significantly 

different from the Clovis levels (Table 40).  
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Components χ2 p φ2

Size

All Debitage Early Archaic/PC Paleoindian* 1.1841 0.2765 –

PC Paleoindian/Clovis 4.4537 0.0348 –

Complete Flakes Only Early Archaic/PC Paleoindian 0.0164 0.8980 –

PC Paleoindian/Clovis 2.4234 0.1195 –

Cortex

Cortical/Noncortical Early Archaic/PC Paleoindian 3.6819 0.0550 –

PC Paleoindian/Clovis 8.2923 0.0040 0.0053

Flake Fragmentation

Complete Flakes/All Fragments Early Archaic/PC Paleoindian 17.0025 0.0000 0.0194

PC Paleoindian/Clovis 25.0364 0.0000 0.0069

Proximal/Medial/Distal Fragments Early Archaic/PC Paleoindian 8.5994 0.0136 –

PC Paleoindian/Clovis 13.2336 0.0013 0.0068

Platform Characteristics and Treatment

Abrasion Biface Thinning Flakes Early Archaic/PC Paleoindian 0.1914 0.6617 –

PC Paleoindian/Clovis 2.0843 0.1488 –

Abrasion Normal Flakes Early Archaic/PC  Paleoindian 1.5388 0.2148 –

PC Paleoindian/Clovis 4.1130 0.0426 –

Isolation Biface Thinning Flakes Early Archaic/PC Paleoindian 0.2101 0.6467 –

PC Paleoindian/Clovis 4.3038 0.0380 –

Isolation Normal Flakes Early Archaic/PC Paleoindian 0.0735 0.7863 –

PC Paleoindian/Clovis 1.6674 0.1966 –

*post-Clovis Paleoindian

Table 40. Summary for Chi square statistics at 0.01 level of significance through 
time.
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 Flake Fragmentation and Flake Termination. The difference between the post-

Clovis Paleoindian and Clovis components with respect to proportions of complete 

flakes and flake fragments is statistically significant at the 0.01 confidence level (Table 

40). There is also a statistical difference between the post-Clovis Paleoindian and Early 

Archaic strata. For both chi-square tests, more fragments are expected in all units except 

the post-Clovis Paleoindian component where more complete flakes are expected. The 

correlation between the two is weak and this may be related to differential factors or a 

combination of factors resulting in flake breakage. 

Fracture type differs significantly as well; more distal fragments are expected in the 

post-Clovis Paleoindian component. Again, while highly significant, the relationship is 

weakly correlated. Table 28 shows that the percentage of proximal and medial fragments 

peaks in the post-Clovis Paleoindian period followed by a decrease in the Early Archaic. 

Concomitantly, distal fragment percentages decrease with the lowest percentage 

observed in the post-Clovis Paleoindian. While trampling probably contributed to 

fracture rates in all components, rapid sedimentation deposited during the post-Clovis 

Paleoindian occupancy should have reduced damage related to trampling. It is more 

likely that the absence of distal fragments is linked to technological factors; different 

reduction strategies, raw material characteristics, and knapper skill may contribute to the 

differences in complete flakes and flake fragments seen between components. The 

paucity of distal fragments is inversely related to the increased percentages of proximal 

fragments. Step fractures were readily evident both on the bifaces and exterior flake 
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surfaces. A proximal fragment terminates in a step fracture, by definition, and therefore 

would not produce a distal portion.  

Concerning flake termination, the Early Archaic more closely resembles the Clovis 

levels with respect to step and hinge fracture (Table 29). The Early Archaic has a greater 

percentage of feather terminations than either the post-Clovis Paleoindian or Clovis 

components. The large percentage of step terminations in the post-Clovis Paleoindian 

stratum reflects its highly fragmented state.  

Exterior Cortex and Flake Scar Pattern. Though the frequency is much lower than 

the other components, the post-Clovis Paleoindian component yielded a higher 

percentage of noncortical flakes (Table 25) and the difference between cortical and 

noncortical flakes compared to the Clovis levels is significant (Table 39). The 

percentages of cortex for complete flakes were comparable between the Clovis and Early 

Archaic strata and were not significantly different. 

Platform Type and Related Characteristics. In relation to the byproducts of biface 

thinning, as reduction progresses and cortical material is removed, there is an increase in 

the use of abrasion and isolation and an increase in the presence of lipped platforms and 

diffuse bulbs accompanied by a decrease in platform width and thickness among 

noncortical flakes. This occurs within all four components, and the pattern was observed 

within the normal flake group, but it is particularly relevant for biface thinning flakes. In 

the post-Clovis Paleoindian and Early Archaic strata, a marked increase in the 

percentage of crushed platforms occurs as well. When compared to the Clovis 

assemblage, the use of isolation decreases significantly in later components though 
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abrasion is still used to prepare platforms. While the percentages of abraded platforms 

decrease slightly from Clovis to the Early Archaic, there is no statistical difference 

(Table 40).   

Normal flakes exhibited more variation within and between components and 

probably reflects the unstandardized nature of cortical flakes related to initial reduction 

and core preparation during primary thinning. Compared to the Clovis levels, platform 

thickness increases for both cortical and noncortical normal flakes. Rates of abrasion are 

very similar and the percentages of isolation decrease somewhat. Platform lipping and 

diffuse bulbs of force show an increase over the Clovis sample. Pronounced and diffuse 

bulbs, as well as lipped or unlipped platforms, seem to be more associated with the 

expected reduction strategy post-Clovis.  

 

Discussion 

This analysis has focused on the debitage from Excavation Area 8 at the Gault site, 

Texas, recovered during field excavations by Texas A&M University in the spring of 

2000. No known previous description of debitage from a Clovis quarry/camp site—one 

that is unquestionably Clovis and originating from a stratigraphically secure, culturally 

unmixed context—are published, although descriptions of the blade technology in 

relation to production and tool use at Gault exist (Collins 2007; Collins and Lohse 2004; 

Dickens 2005; Minchak 2007; Shoberg 2007). The technological aspects of bifacial 

reduction and tool use have been studied using manufacturing rejects and heavily used, 

discarded weaponry (Dickens 2005; Smallwood 2006) and a limited sample of debitage 
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(Dickens 2005). The portion of the collection currently under consideration includes 

4248 flakes and flake fragments greater than 2.54 cm in size that were examined 

individually in conjunction with other portions of the lithic assemblage. A mere 4.9  

percent of all recovered debitage, examination and description of this material provided 

a means of addressing the issue at the forefront of this study—characterization of the 

nature of Clovis debitage from a quarry/camp site, or at least, the facies represent from 

Excavation Area 8 at the Gault site. Three research questions guided the nature of the 

analysis: 1) What technological changes, if any, are observable between the Clovis Unit 

3a and 3b deposits?; 2) How do the Clovis materials compare to those recovered from 

later periods?; and 3) Does the debitage reflect changes in technological strategies or site 

use from the Clovis to the Early Archaic occupations? 

 First, what is the nature of Clovis debitage at Excavation Area 8 and what does it 

reveal about technological organization during this era? Without doubt, blade 

manufacture and biface reduction occurred in conjunction during both the Unit 3a and 3b 

occupancies. Numerous blades and blade byproducts such as blade cores, noncortical 

regular blades, and core tablet flakes were identified in association with evidence of 

biface reduction in the form of discarded bifaces, biface thinning, endthinning and 

overshot flakes. The two reductive trajectories may at times share a common point—the 

origin—where large cortical blades and blade-like flakes were produced during initial 

reduction of rectangular to subrectangular pieces of Edwards chert.  

At this time, lack of either cores or refits prevents definitive understanding of this 

technological overlap. What we do know based on this and other studies is that these 
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initial cortical byproducts mostly display cortical and single faceted platforms  that are 

more often thick and wide with predominately pronounced bulbs of force and unlipped 

platforms. Abrasion and isolation are present in limited amounts and usually in 

conjunction with single faceted platforms. After the majority of the cortex has been 

removed, blades have more standardized lateral margins and a greater degree of 

curvature than their cortical counterparts. Multi- and single-faceted platforms become 

thinner and narrower; they are often abraded and somewhat isolated. Diffuse and 

pronounced bulbs of force are almost equally represented in the noncortical blade 

assemblage and platforms are mainly unlipped.  

Cortical flakes clearly associated with biface thinning are characteristically large—

several are actually overshot flakes—with a slightly higher percentage of multifaceted 

platforms than other flake types. On average, platforms are not as thick as cortical 

blades, but pronounced bulbs of force and unlipped platforms still predominate. Platform 

abrasion is often used; isolation less frequently. Noncortical biface thinning flakes show 

a marked decrease in platform thickness and an increase in multifaceted platforms. 

Abrasion and isolation are more prevalent, as are lipped platforms and diffuse bulbs of 

force. 

Cortical flakes in the normal category most often have cortical and single faceted 

platforms with thicknesses comparable to cortical blades. Platform abrasion and isolation 

are represented minimally, as are lipped platforms and diffuse bulbs of force. 

Noncortical normal platforms are most often multifaceted and there is a slightly higher 

mean platform thickness than cortical normal flakes. Abrasion and isolation are more 
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prevalent, but the percentages of lipped platforms and diffuse bulbs are nearly identical 

to the percentages of cortical normal flakes.  

While this analysis was conservative in flake type assignment for all components, the 

normal flake category may be slightly skewed for Clovis debitage because it could 

include flakes belonging to either the blade or the biface trajectory. Even though the 

percentages of cortical debitage are similar for Unit 3a and 3b when all flake types are 

considered in conjunction (Table 9), there are slight differences when normal flakes, 

blades, and biface thinning flakes are considered separately (Table 11). Cortical normal 

flakes and cortical blades are prevalent in both Unit 3a and 3b reflecting byproducts 

related to initial and primary reduction. That the opposite is true for biface thinning 

flakes is to be expected. Thinning flakes associated with biface reduction are easier to 

identify once initial cortex has been removed, the biface becomes regularized in shape, 

and flake removal patterns emerge and become more defined. Not unsurprising, the 

same general trends exist for all three flake types from the Clovis levels: as cortical 

material is removed, there is a decrease in platform thickness, an increase in multifaceted 

and crushed platforms, an increase in platform abrasion, isolation and lipping, and an 

increase in diffuse bulbs of force. 

The confounding effects of soft hard-hammer percussion (e.g. chert nodules with soft 

limestone cortex) and similar initial reduction byproducts (e.g. cortical blades and blade-

like flakes) prevent absolute assignment of all flakes to either blade manufacture or 

biface reduction. The results of several other Clovis studies have reached the same 

conclusion—that softer hard hammers, such as those observed at Thunderbird, VA, in 
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the form of soft sandstone, will produce flake attributes that are generally ascribed to 

either hard or soft hammers. As intuitive as the concept seems, it bears stating that only 

biface thinning flakes and noncortical ‘true’ blades can be clearly identified. This is not 

unexpected at a quarry site where cortical specimens represent just over half of the 

complete flakes. Cortical normal flakes closely resemble cortical blades attribute-wise, 

but are generally smaller in size—69.70 percent of the normal cortical flakes were less 

than 3.81 cm in size, while only 40 percent of the cortical blades fell in the same size 

range.  

The two Clovis components are quite similar in reference to reduction strategies, use 

of raw material, and flake-removal preparation techniques. This technological similarity 

provided justification for combining the two components for comparison to the post-

Clovis Paleoindian and Early Archaic strata. The same general trends exist within the 

post-Clovis Paleoindian and Early Archaic debitage as those seen in the Clovis levels 

concerning differences between cortical and noncortical flakes: there is an increase in 

the percentage of multifaceted and crushed platforms on noncortical debitage and 

decreased platform thickness. Changes within the Early Archaic and post-Clovis 

Paleoindian for normal cortical flakes show fewer cortical and more single faceted and 

multifaceted platforms than Clovis. There is a slight increase in platform thickness, but 

roughly the same amount of abraded, isolated, and lipped platforms are represented and 

pronounced bulbs of force are prevalent. For normal noncortical flakes, there is a 

decrease in single faceted platforms and an increase in multifaceted and crushed 
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platforms. Abrasion and isolation are less well represented, but the relative percentages 

of lipped platforms and diffuse bulbs of force are comparable. 

In reference to biface thinning flakes, post-Clovis Paleoindian and Early Archaic 

debitage reflect the continued use of platform faceting and abrasion with a slight 

decrease in the use of abrasion compared to Clovis, although this difference is not 

statistically significant. There is, however, a marked decrease in the use of isolation in 

the post-Clovis Paleoindian and Early Archaic debitage. post-Clovis Paleoindian 

debitage deviates in reference to platform lipping on biface thinning flakes with a 

decrease in percentages compared to Clovis and the Early Archaic. With the exception 

of platform isolation, both cortical and noncortical biface thinning flakes from the Early 

Archaic component are more congruent with the Clovis levels than the post-Clovis 

Paleoindian stratum. 

The main difference seen in post-Clovis technology is the absence of blade 

production. Blade production ceases and biface reduction becomes the main 

technological focus represented at Excavation Area 8 within the larger debitage included 

in this study. A few blades were recovered from the post-Clovis Paleoindian component, 

but they are similar in all respects to Clovis blades. A portion of the gravel surface 

remained exposed during Folsom times and these blades may have been curated. 

Platform faceting, abrasion and isolation were important techniques used during 

biface reduction, particularly in the Clovis era. These techniques were relied upon to 

ensure successful flake removal. Yule’s Q was employed to examine the relationship 

between platform abrasion and isolation (Table 41), which are strongly correlated with 
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each in all three cultural periods. Use of isolation and abrasion are significantly related 

to each other through time. Cross tabulation of platform abrasion and isolation by 

cultural component shows a significant difference between all four components.  

 

 

Table 41. Relationship between platform isolation and 
abrasion using Yule's Q. 

Early Archaic       

 
Isolated 

Not 
isolated 

Yule's 
Q 

Abraded 10 68 0.7131 
Not abraded 5 203 

 
    post-Clovis 

Paleoindian 
   

 
Isolated 

Not 
isolated 

Yule's 
Q 

Abraded 4 21 0.7572 
Not abraded 2 76 

 
    Clovis 3b 

   

 
Isolated 

Not 
isolated 

Yule's 
Q 

Abraded 73 104 0.8725 
Not abraded 14 293 

 
    Clovis 3a 

   

 
Isolated 

Not 
isolated 

Yule's 
Q 

Abraded 144 285 0.8934 
Not abraded 22 773   
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Platform abrasion continues through time and there is a slight decrease in the 

percentages in the post-Clovis Paleoindian and Early Archaic strata (Table 42) even 

though biface reduction is the primary activity represented in both of these components. 

No significant difference in its use was observed between components. However, use of 

extreme isolation decreases post-Clovis (Table 43). While there is no significant 

difference in isolation between the post-Clovis Paleoindian and Clovis levels, there is a 

statistically significant difference between the Clovis levels and the Early Archaic 

component.  

 

Table 42. Platform abrasion by component. 
  Abraded Unabraded Total 

Early Archaic 78 27.18% 209 72.82% 287 
post-Clovis Paleoindian 25 23.58% 81 76.42% 106 

Clovis 609 35.28% 1117 64.72% 1726 
Total 712 33.60% 1407 66.40% 2119 

 

 
Table 43. Platform isolation by component. 

  Isolated Not Isolated Total 
Early Archaic 15 5.08% 280 94.92% 295 

post-Clovis Paleoindian 6 5.61% 101 94.39% 107 
Clovis 254 14.62% 1483 85.38% 1737 
Total 275 12.86% 1864 87.14% 2139 

 

 

Raw material variability is minimal within the Clovis strata and through time; 99.4 

percent of the recovered material is probably locally or regionally available Edwards 

chert, although there are low numbers of a few distinctly different material types in the 
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Clovis Unit 3a and the Early Archaic stratum. Flakes from both these components may 

be a regional variety of Edwards, possibly originating from the Ft. Hood area. Debitage 

analysis at the Wilson Leonard site in Texas revealed distinguishable types of local and 

nonlocal Edwards chert as well as lithic material considered to be “exotic” (Masson 

1998:687-691), although the overwhelming majority of analyzed flakes consisted of 

local material (Masson 1998:699, Table 19-6). The same pattern was observed for the 

Folsom-Clovis component at Pavo Real, TX. The locally available PRVEC constitutes 

almost the entire debitage assemblage (Collins 2003:142); INAA and LA-ICP-MS 

analyses failed to demonstrate any differences between chert cobbles present in Leon 

Creek and materials from the Paleoindian component at the site (Hudler 2003:289). Very 

few nonregional material types have been reported to date for the Gault site (Collins et 

al. 1991, 1992; Taylor-Montoya 2006). 

Although based on size-sorted debitage and not metric attributes, there appears to be 

a decrease in size in reference to larger flakes. This is reflected in mean flakes weights, 

which also gradually decline. The post-Clovis Paleoindian component produced the 

lowest percentage of flakes greater than 3.81 cm in size and the lowest mean flake 

weight. This may be related to a difference in reduction activities in the post-Clovis 

Paleoindian stratum; it also has the least amount of cortical debitage. Tukey’s HSD 

(Honestly Significant Differences) and the logs of flake weight were used in a multiple 

comparison of mean weights through time (Figure 7); the null hypothesis states that 

there is no difference between the means. The largest difference is observed between the 

Clovis units and the post-Clovis Paleoindian data, though the sample size from the post-  
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Figure 7. Tukey’s HSD and the logs of flake weight used in a multiple comparison of 
mean weights for Size Grade 1 and 2 flakes by component. The only significant 
difference is between the Clovis and Early Archaic components (F value = 4.5183; p = 
0.0037). 
 
 

 
Clovis Paleoindian component is comparatively small. The only significant difference is 

between the Clovis levels and the Early Archaic indicating a gradual change in size (F 

value = 4.5183; p = 0.0037).  

What does a reduction in flake size through time reflect? One alternative is that a 

decrease in flake size relates to a decrease in raw material availability or quality. Even 
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though lithic raw material might be viewed as a nonrenewable resource, the probability 

that a change in flake size could be caused by a dwindling supply of chert seems 

unlikely. In general, there may be selection of better material at first, but the quarrying 

process exposes new lenses, though no evidence of open-pit quarrying has been 

identified yet at the Gault site. 

Even lower quality Edwards chert seems more suited to production of larger artifacts 

in the Clovis toolkit such as blades and bifaces than materials available to the east and 

south that are limited by package size (e.g. Uvalde or Citronelle gravels) or raw material 

qualities that affect the knappability of some toolstone  (e.g. quartzite and petrified 

wood). In fact, there is growing evidence Clovis blade production is limited to certain 

areas of the southeastern and south-central United States where high-quality toolstone is 

abundantly available; Clovis blade core and blade caches on the southern plains may 

represent a means used to deal with raw material incongruities (Kilby and Huckell 

2003).  

Tabular and nodular pieces of Edwards chert are still abundantly available on the 

slopes adjacent to Buttermilk Creek. Given the expectation of Clovis mobility, it seems 

likely that there was good toolstone within a typical annual range. A more likely 

explanation for a decrease in debitage size lies in subsistence-related technological 

adaptation, perhaps related to the extinction of Pleistocene megafauna, which is 

observed in changes in projectile point form (Anderson 2004:126) related to hafting 

technique (T. Kelly 1982; Morse et al. 1996:331), foreshaft variation (Judge 1973:266), 

or use other than a projectile (Jennings 2008).   
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The Clovis Unit 3a has the highest artifact density, but the least amount of 

fragmentation; it was deposited on the surface of a gravel lens that represents an ancient 

gravel bar of Buttermilk Creek. Standing water at certain times of the year limited 

trampling to some degree. Unit 3b is more fragmented than Unit 3a and the post-Clovis 

Paleoindian debitage is more fragmented than either the Clovis or Early Archaic 

components. While trampling may account for some of the fracture rates, it seems 

unlikely to account for all broken flakes. McBrearty et al. (1998:114) found trampling 

experiments conducted on a loamy substrate increased the experimental assemblage 39 

percent over the original number of flakes, but this increase was caused by flakes less 

than 2 cm in size. In the low-density experiment, with fewer flakes, 5.34 percent of the 

flakes were broken. In the high-density experiment, fractured flakes actually decreased 

to 1.96 percent (McBrearty et al. 1998:115, Table 1). 

 Fragmentation may be related to site formation processes; both the Clovis Unit 3b 

and post-Clovis Paleoindian strata formed from floodplain deposits of Buttermilk Creek. 

Rapid water movement relating to high-energy flooding events may have caused flake 

breakage, but this seems less likely because contextually there has been little post-

depositional movement of artifacts. Excavation Area 8 exists because it is situated at the 

bottom of a slope located south of the excavation block. Two ravines on either side of 

the hill directed water flow around Excavation Area 8. This is probably the only reason 

this portion of the site survived intact. 

It is more likely the degree of breakage relates to reduction strategies, raw material 

quality and inter-nodule variation, percussor type and changes in percussors during 
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reduction, or individual knapper skill. Higher fracture rates were noted among biface 

byproducts within the Unit 3a and 3b strata. Post-Clovis, fragmentation increases 

dramatically in the post-Clovis Paleoindian component followed by a sharp decrease in 

fragmentation in the Early Archaic stratum, which is probably related to the intended 

product and the particulars of reduction strategy. 

Debitage from the post-Clovis Paleoindian stratum is consistently different from 

either the Clovis or Early Archaic levels. Artifact density was lowest in the post-Clovis 

Paleoindian stratum. The post-Clovis Paleoindian deposit is 45 to 50 cm thick compared 

to a combined thickness of 35 to 40 cm for the Clovis component (Luchsinger 2002:18-

19), which contains roughly 12 times more material even though the thickness of both 

components is nearly equal to that of the post-Clovis Paleoindian component. This could 

be attributed to a decrease in site use related to mobility and subsistence practices during 

later Paleoindian times, but it could also be related to increased flooding and 

sedimentation of the area. Regardless, Excavation Area 8 seems to have been 

differentially used during post-Clovis Paleoindian times. Debitage from the post-Clovis 

Paleoindian component is predominately noncortical in comparison to other cultural 

strata. This relates back to high fragmentation rates observed in debitage from this 

component; noncortical flakes are more likely to fracture than cortical flakes. 

Approximately 77 percent of the materials were less than 3.81 cm in size and the 

average weight per piece was 13.32 grams. Technologically, the post-Clovis Paleoindian 

debitage represents projectile point manufacture after initial reduction is essentially 
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complete. This brings up the question of what portion of the Gault site, if any, was used 

for initial reduction during the post-Clovis Paleoindian period. 

In sum, the lithic assemblages are characterized by workshop debris—in this case, 

flakes, flake fragments, and angular debris—as well as discarded projectile points. The 

total assemblage consists overwhelmingly of a high-quality variety of Edwards chert 

available on the surrounding slopes adjacent to Buttermilk Creek. Bifaces and biface 

reduction flakes indicate the relative importance of projectile point manufacture at the 

site; based on the available evidence, blade production was equally important in Clovis 

times.  

Within the Clovis component, exhausted and discarded Clovis projectile points, 

knives, and endscrapers, as well as manufacturing rejects and cores provide strong 

evidence Excavation Area 8 functioned as a workshop where projectile points and blades 

were produced as part of the retooling process. Few utilized blades or other debitage 

were identified from Excavation Area 8, but microscopic usewear studies have shown 

blades from other portions of the the Gault site were important multi-purpose tools 

utilized to process a variety of plant and animal resources (Collins 2007; Minchak 2007; 

Shoberg 2007).  

During post-Clovis Paleoindian times, rapid overbank deposition limited use of this 

portion of the Gault site, though it continued to be used. Biface manufacture was still the 

primary focus and significantly less cortical material argues for a different stage of 

reduction during the post-Clovis Paleoindian occupancy. Overall, the Early Archaic 
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debitage assemblage resembles the Clovis assemblage in reference to use of Excavation 

Area 8 as a workshop focused on the initial stages of reduction. 
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CHAPTER III 

WHEN DOES ONE “UTILIZE A FLAKE”?—THE CLOVIS EDGE-MODIFIED 

ASSEMBLAGE FROM EXCAVATION AREA 8 

 
 
The purpose of this chapter is to describe the Clovis edge-modified assemblage 

recovered from Excavation Area 8, which consists of a nonrandom sample of flakes and 

flake fragments altered by cultural and natural processes, both during and after the 

Clovis occupation. The study was designed to identify tools, infer use when possible 

using microscopic analysis, and incorporate this functional information into the spatial 

analysis of the 19-m2 contiguous block. The potential role played by post-depositional 

factors, particularly trampling, was recognized early in the project; by default, this 

additional line of investigation centered on developing experimental analogues for 

comparison with artifactual material.  

Until that baseline was established, initial examination of the Clovis-age debitage 

identified 258 pieces that potentially could be culturally modified. As stated in the 

previous chapter, approximately 3375 pieces of debitage greater than or equal to 2.54 cm 

in size were recovered from the Clovis-age deposits—991 from Unit 3b and 2384 in 

Unit 3a. Pieces selected from the debitage assemblage exhibit the types of modification 

that occur when 1) debitage is used by hunters and gatherers, and 2) taphonomic factors 

generate pseudo tools. Both groups include fractured edges, often patterned, that 

resemble—at least superficially in reference to the second group—retouched tools. No 

effort was made to identify unmodified artifacts that might have evidence of use. The 
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258 pieces were then microscopically examined and the sample was reduced to 46 

flakes—26 tools and 20 possible tools—with evidence of cultural use, natural 

modification, or a combination of the two types of damage.  

Pertinent to the current study, retouch generally refers to cultural modification that 

occurs before (e.g. shaping an edge) and during (e.g. tool maintenance and recycling) 

tool use, as well as edge fracture produced through use alone. It can be difficult to 

distinguish between the microflaking associated with either (Dumont 1987:101; Keeley 

1980:27-28). For analytical purposes, it was decided at the outset of this study to avoid 

the term retouch until after the analysis and experimental studies were completed 

because it is also used, perhaps injudiciously (Odell 2003:64-65), to describe fracture 

produced through noncultural forces. Instead, each instance of fracture—no matter its 

origin—was generically termed damage. 

Similarly, the term edge-modified was chosen to delineate this assemblage in lieu of 

accepted descriptors such as “formal,” “curated,” or “expedient.” Although Gero’s 

(1991:165) observation ‘when does one “utilize a flake”?’ comments on the bias in lithic 

technological research towards more formal or standardized artifact types such as 

projectile points, knives, and endscrapers, its relevance is perhaps best appreciated at the 

analytical level—the actual identification of minimally used implements conventionally 

referred to as utilized, unretouched, expedient, informal, or flake tools. 

Minimally used tools, in general, require little or no effort in their production. 

Considered unstandardized or casual with regard to form, they are manufactured, used 

and discarded over a relatively short period. Binford (1979) described these tools as 
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situational gear used in response to immediate circumstances. They can be secondarily 

modified either through intentional flaking of an edge or utilization alone. While some 

of these tools might be described as more formal or curated—that is, they have more 

effort expended in their production or maintenance—the term edge-modified avoids a 

dichotomous typology, the problems associated with such diametrically opposed 

assignations, and de-emphasizes the amount of production or, as Gero points out 

(1991:165), the lack thereof. 

The problematic nature of such an assemblage—one that is “expedient” or “less 

formal”—has been addressed by other researchers (Bamforth 1986; Bamforth and 

Becker 2006; Keeley 1982; Odell and Odell Vereecken 1980; Shea 1987; Shen 1999; 

Young and Bamforth 1990). Microwear traces do not have time to accrue on tools 

utilized for brief periods and any wear that may develop can be removed during 

subsequent use and resharpening. If culturally produced polish is, in fact, present, it may 

not develop enough to assess worked material. Further complicating the situation, both 

mechanical and chemical taphonomic processes can create damage that mimics wear or 

even produce pseudo tools (McBrearty et al. 1998). Knowing these difficulties exist, the 

question becomes “why study such an ephemeral and problematic assemblage?” 

To begin, a number of Paleoindian researchers have successfully applied the 

methods of lithic microwear analysis to functional studies of chipped-stone tools (Hudler 

2003; Kay 1999; Marshall 1985; Minchak 2007; Shoberg 2007; Smallwood 2006; Smith 

and Toth 1990; Tomenchuk and Stork 1997; Wiederhold 2004). For example, Kay 

(1998:747) found that 52.46 percent of the edge-modified specimens examined from the 
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Wilson Leonard site in central Texas have evidence of use even though this assemblage 

was subject to several taphonomic factors. Further, 28.84 percent of the unmodified 

flakes were identified as tools or tool fragments. 

Not limited to functional applications, microwear analysis is employed in other 

archaeological arenas to understand taphonomic agents, both mechanical and chemical 

(Burroni et al. 2002; Donahue and Burroni 2004). It has been demonstrated that the 

macroscopic approach to microwear analysis is not sufficient to discern tool use (Young 

and Bamforth 1990), nor is it a strictly reliable means of separating tools from pseudo 

tools (Levi-Sala 1986; McBreaty et al. 1998). Experimental replication, and study of the 

resulting data set, can help identify or discern patterns of post-depositional damage, 

though these data should be applied cautiously. Clearly stated, without identification of 

naturally produced damage and the forces that cause damage, we run the risk of 

introducing erroneous data. However, every portion of an archaeological assemblage—

even the more problematic ones—can potentially contribute to the description and 

understanding of both cultural and site formation processes (Donahue 1994). 

Finally, although several studies exist that typologically or morphologically 

categorize Clovis edge-modified assemblages (Eren 2005; Ferring 2001; Huckell 2007; 

Irwin and Wormington 1970; Rule and Evans 1985; Wilmsen 1970), few have 

incorporated microwear analysis (see Kay 1999, MacDonald 1968 and Marshall 1985 as 

notable exceptions). The new millennium has witnessed an increase in Clovis microwear 

research mainly generated by investigations at the Gault site (Minchak 2007; Shoberg 

2007; Smallwood 2006; Wiederhold 2004), as well as the Pavo Real site (Hudler 2003), 
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also located along the Balcones Escarpment in Texas. While technological analyses of 

Clovis edge-modified assemblages have generally taken a back seat to the infamous 

fluted projectile point, microwear research is not biased towards bifacial implements. 

Only three studies have attempted to identify wear on Clovis projectile points or bifaces 

(Hudler 2003; Kay 1996; Smallwood 2006).  

Though few would question the function of Clovis weaponry in relation to game 

acquisition, research has demonstrated that some artifacts, generally considered 

‘projectiles,’ actually served a variety of purposes (Ahler 1971; Kay 1998; Odell 1996, 

Smallwood 2006). If the use-life history of such a seemingly straightforward component 

of the hunter-gatherer venatic assemblage is perhaps more complex than originally 

considered, then what functional applications have been incorrectly assigned—or 

overlooked—for other items in the Clovis tool kit, especially those considered 

expedient? The field of lithic microwear research provides the possibility to address this 

issue using low- and high-power microscopic analysis. Under the right circumstances, 

these strategies allow detection of use damage and determination of the dominant tool 

motion; therefore, the inferred activity in which a tool was engaged can be identified 

(Hayden 1979; Odell 2003).  

 

Theoretical Context and Analytical Limitations of Microwear Analysis 
 
If Semenov’s traceology (1964) laid the foundation for the development of microwear 

research, then Odell (1975, 1981; Odell and Odell-Vereecken 1980; Tringham et al. 

1974) and Keeley (1974, 1980) secured its place in North America, if not among all 
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North American archaeologists. Odell’s “low-power” approach uses magnifications up 

to 160X; identification of use traces such as micro-fracture, rounding on edges and 

projections, polish, and linear indicators or striations are considered in conjunction to 

potentially allow recognition of utilized edges and infer the motion or activity of a tool 

(Odell 1981; Odell and Odell-Vereecken 1980; Tringham et al. 1974). Keeley’s (1980) 

“high-power” approach incorporates magnifications from 100X to 500X and is used to 

infer worked material through differentiation of polish types. In its infancy, a series of 

“blind tests”—and related debates—cast doubt about the reliability of microwear 

analysis (Odell 2003:137-139). The issue was further complicated by confounding ideas 

concerning the development of polish and the role played by post-depositional processes 

in microwear analysis (e.g. Levi-Sala 1986, 1996). Perceived time constraints and 

budgetary expense were not endearing features. 

Unlike other forms of lithic analyses, microwear research offers a productive means 

of addressing functional issues. When used conservatively in conjunction with 

knowledge about site context, taphonomic processes, and tool manufacturing techniques, 

microwear analysis can identify patterned activity—and therefore behavior—within the 

archaeological record (Odell 2003). Similar to other forms of lithic analyses, microwear 

research is subject to its own vagaries. Its application is inextricably tied to 

experimentation, and like any acquired skill, practice is essential. An experimental 

program to build comparative analogues and develop the skills of the analyst must 

accompany microwear analysis. Functional determination of stone tools should not be 

solely based on results from microwear analysis; it should incorporate as many lines of 
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evidence as possible including experimentation, tool morphology, and ethnographic 

analogy, as well as consideration of raw material properties and artifact context. 

Two separate, yet related, fields of engineering—tribology and fracture mechanics—

provide a fundamental basis for understanding the series of actions involved in wear 

processes of lithic tools (Donahue 1994; Donahue and Burroni 2004:141). Tribology is 

the science of interacting surfaces in relative motion and the related phenomena of 

friction, lubrication, and wear (Goryacheva 1998). Fracture mechanics, as discussed in 

Chapter II, provide the basis for describing how lithic material breaks. Bending and cone 

initiations are the two types of fracture central to microwear analysis because “they 

occur under demonstrably different loading conditions and when analyzed in proper 

context, they can reveal information about the amount of force applied and the nature of 

the contact area” (Hayden and Kamminga 1979:6). Contact mechanics, which deal with 

stress-strain mechanisms at the juncture of two surfaces, are an integral part of 

tribological studies. Softer worked materials afford a broader contact area and generally 

result in bending fractures, while harder worked materials are concentrated in smaller 

areas of contact and more often result in cone initiations and crushing of an edge 

(Lawrence 1979:118). 

The theoretical application of fracture mechanics to the field of lithic microwear 

analysis was a defining outcome of the First Conference on Lithic Usewear; while 

tribology was not referenced in the same fashion, it was integrated. Hayden and 

Kamminga (1979:6) distinguished between “use-fracturing” and “polish and striation”—

which correlate with fracture mechanics and tribology, respectively—acknowledging 
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that both provide “important and often complementary sorts of data.” Diamond 

(1979:163-165) presented theoretical background on the role of abrasive wear and the 

related mechanisms of fatigue and adhesive wear, although the latter was not referred to 

by the more current terminology. Kamminga (1979) discussed the characteristics of 

abrasion, or what he referred to as ‘abrasive smoothing,’ and Del Bene (1979) applied 

tribological mechanics of adhesion and abrasion to describe depositional and mechanical 

polish formation as well as the formation of striations. 

Although friction and lubrication are integral components of tool use, wear—the loss 

of material from one or both contacting surfaces or any form of surface damage caused 

by rubbing one surface against another (Mate 2008)—is the ultimate concern of lithic 

microwear analysts. In reference to surface alteration of lithic artifacts, I use the term 

microwear to mean damage as defined by Donahue (1994)—either from cultural or 

natural processes acting upon the surface of a stone. It includes contact situations 

between an artifact and 1) the worked material, 2) substances related to the worked 

material (e.g. animal or plant tissue), 3) abrasive particles removed from its own surface, 

and 4) forces found in nature. 

The tribological literature lists up to 80 different terms for wear and its related 

mechanisms, although these can be grouped into generic categories (Rabinowicz 1995). 

The four main types of wear are adhesion, abrasion, corrosion and surface fatigue 

(Rabinowicz 1995). Adhesive wear occurs when two surfaces contact each other and 

adhere at localized sites; wear transpires as the two surfaces move relative to each other 

and one surface removes material from the other surface at these junctions. 
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Archaeologically, this is visible in worked material residues that remain on stone tools 

such as hematite noted on edge-modified tools (Dumont 1987) or organic residues (Lyle 

1996; Shafer and Holloway 1979). One type of post-depositional adhesive wear that 

microwear analysts regularly observe are the metal streaks left on artifacts from 

excavation tools, screening or other laboratory and analytical procedures.  

Abrasive wear is caused by particles or projections called asperities. Asperities are 

peaks or topographic projections that make a material surface feel rough (Mate 2008). 

When two surfaces press together, contact is made at the peaks and there is displacement 

of material. The debris itself then acts as an abrasive, accelerating wear, although 

asperities and detritus may scratch or groove either surface. 

Corrosive wear occurs within a chemically reactive environment. Oxygen and water 

vapor are common corrosives that adsorb to surfaces. Within Excavation Area 8, three 

factors reflect the impact of groundwater: redox features, pedogenic calcium carbonates, 

and evidence of a perched water table over Unit 3a (Luchsinger 2002). In relation to 

lithic material, the cumulative effect of these chemical agents is not well understood, but 

may contribute to the formation of patination and mask or eradicate microwear 

indicators. 

Surface fatigue addresses the repeated sliding or rolling of two bodies in relation to 

each other. Repetitive action induces the formation of surface or subsurface fracture, 

which eventually results in fragmentation. The kinematics of cutting or scraping 

augment this damage and produce surface fracture wear. Fatigue and fatigue-like 
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mechanisms become more significant in later stages of wear associated with long-term 

tool use and failure. 

The complex interaction between these factors may be fully appreciated in 

microwear and lithic studies, but perhaps not fully addressed (although see Evans and 

Donahue 2005). The interplay between mechanisms becomes extremely complicated 

when more than one is at work—either simultaneously or successively. Depending on 

the depositional and contextual circumstances at an archaeological site, microwear 

analysts may be able to use the physical expression of wear types to decode the history 

of an individual artifact, as well as to discern site formation processes (sensu Donahue 

and Burroni 2004).  

In sum, these wear processes result in the physical expression of what microwear 

analysts refer to as linear indicators or striations, polish, rounding and abrasion. 

Grossly simplified, when two surfaces are pressed together, contact is made first at 

asperities, which become flattened through adhesion or abrasion, and create plateaus 

referred to as polish (Levi-Sala 1996:4). Asperities and fragmented debris create 

surficial grooves or striations. While the mechanical aspects of polish development can 

be isolated, debate exists over how polish forms in relationship to the worked material. 

Most notably, Grace (1989) argues that polishes develop along a continuum and 

therefore are indistinguishable; Vaughan (1985) maintains there is a specific association 

between the type of polish and the worked material. This dissertation follows the model 

proposed by Grace because damage related to taphonomic processes develops along a 

continuum as well. Its development or accumulation can be traced thereby allowing the 
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microwear analyst to reconstruct a temporal record of the taphonomic processes at work 

within an archaeological site (Donahue and Barroni 2004:142-143).  

   
Pseudomorphs, Geofacts, Pseudo Tools and Pseudo Wear: Differentiation between 

Naturally and Culturally Modified Materials and Consideration of Taphonomic 

Processes 

Artifact context is particularly important when conducting microwear research. An 

assessment of context includes consideration of what happens to an artifact after it enters 

the archaeological record (Schiffer 1996; Schnurrenberger and Bryan 1985). 

Taphonomic processes alter this record and complicate interpretations of artifact and site 

function (Levi-Sala 1986). Whether these processes occurred at the time the artifact was 

discarded, while in situ, or after recovery in the field, careful consideration of what 

happens to an artifact—its life history—is critical to any functional study. Many 

taphonomic processes—cultural and natural—can affect archaeological material; in 

reference to Area 8, these include factors such as trampling, thermal stress, patination, 

excavation and laboratory processing. It can be difficult to discern the affects of modern 

post-depositional damage; even breakage related to fairly aggressive mechanical 

processes such as plowing have been confused with microwear, as with the initial 

analysis of the Kevin Davis cache (Kay 1999:139-140). An analytical strategy that 

accounts for post-depositional factors occurring at both the macro- and microscopic 

levels can aid in delimiting the microwear taphonomy (Akoshima and Frison 1996:71) 

of artifact assemblages, in this case debitage. 
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The idea that taphonomic forces alter the archaeological record and produce pieces 

resembling artifacts is not new; even after 70-plus years of experimentation directed 

towards identifying processes that create tool-like fracture patterns on lithic material—

and differentiating between tools and pseudo tools—archaeologists are still plagued with 

difficulty delineating between the two. This is evident by the number of published works 

that continue to search for definitive criteria allowing confident separation of fortuitous 

accidents from artifacts, incidental edge damage from retouch. Bounded by its inherent 

physical properties or structure, lithic material is limited in the ways it can fracture no 

matter the causal conditions (e.g. thermal stress, trampling, knapping, etc.). If 

differentiation was an absolute science, there would be no controversy concerning 

materials from pre-Clovis sites such as Calico Hills, CA; Pedra Furada, Brazil; or 

Topper, SC. 

Barnes (1939) provides one of the earliest discussions on differentiation between 

naturally and culturally flaked materials. Until this there was much debate over eoliths—

crudely flaked pieces believed to be the earliest tools (Oakley 1968). Attempts to 

formulate objective differences between culturally produced artifacts and materials 

created through natural agency resembling artifacts, but Barnes’ background in geology 

provided the requisite knowledge needed to identify geologic processes that produced 

eoliths or what he referred to as pseudomorphs (1939:107). Although his research was 

published almost 70 years ago, it is timeless because the recognition of natural forces, 

how they affect lithic material, and characterization of naturally produced fracture is still 

problematic.  
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Barnes identified geologic processes, such as foundering and solifluction, that 

fracture stones in ways similar to human agency. He noted forces such as heat, 

dehydration, expansion, and frost fracture produced artifact-like pieces; the chemical and 

physical properties of a given stone—including internal fractures in the material—also 

were variables to consider. Several important differences between natural and cultural 

damage were observed by Barnes: 1) natural fracture lacks the patterned regularity found 

on culturally modified artifacts; 2) naturally flaked pieces exhibit differential patination 

(removals occurred at different times); 3) when present, natural platform angles are not 

possible with percussion knapping; and 4) incidental percussion does not produce great 

numbers of pieces with parallel flake scars. Acute, faceted and lipped platforms were 

analytical criteria used to define culturally produced artifacts. In addition, Barnes 

conducted several experiments to study the effects of geologic processes and recreate 

striations. Extremely insightful for its time, Barnes suggested a sample of naturally 

produced materials should be analyzed in a methodologically similar way to 

archaeological collections. 

Crabtree (1972:78) recognized that many processes, such as soil and water 

movement, glaciation, temperature change, solifluction and trampling could produce 

“embryonic” tools or “pseudo-artifacts,” but did not provide criteria for distinguishing 

between these and culturally modified artifacts. 

During early debate concerning whether materials recovered from the Calico Hills 

site in California actually were produced through human agency, Haynes (1973:305) 

defined the word geofact as “an artifact-like phenomena of geological origin.” He 
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disagreed the lithic materials collected during extensive excavations at the site were 

artifacts; by setting the geologic context of the site, Haynes convincingly argued the 

pieces originated via mudflows. 

Also in relation to Calico Hills, Patterson (1983:298-299) defined four criteria for 

distinguishing between natural and cultural materials. These included: 1) the 

identification of all human-made lithic attributes least likely to be simulated often in 

nature; 2) analysis of the lithic collection for all key identified attributes; 3) 

identification of all key attributes present in quantitatively significant amounts; and 4) 

demonstration of the likelihood of human manufacture through combination of key 

attributes. Two related points emphasized by Patterson include studies using single 

attributes remain unconvincing and the identification of human-made attributes should 

be done through experimental flintknapping and the incorporation of basic physical 

principles. 

Peacock (1991) used these attributes in a study of possible artifacts from Kirmington, 

England. He suggested the major problem differentiating between artifacts and geofacts 

results from form selection, which is the biased selection of naturally fractured lithics 

resembling culturally produced tools (Duvall and Venner 1979:455). Peacock argued for 

explicit, objective criteria to separate culturally and naturally produced materials and 

proposed comparison between unequivocal archaeological material and natural material, 

as well as between putative artifacts with a control sample of locally available, naturally 

flaked stone. Used in conjunction, a list of traits can be compiled based on the 

archaeological site and the geologic context.  
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Separation of geofacts from artifacts within Area 8 was not problematic. Geofactual 

material displayed well-rounded and worn edges expected from alluvial or colluvial 

processes (Figure 8). Artifactual materials have sharp edges. Due to a variety of 

taphonomic processes, including mechanical and chemical agents, problems were 

encountered distinguishing between macroscopic natural damage and intentional 

retouch, as well as between naturally and culturally produced microscopic polish and 

striations. 

 

Mechanical and Chemical Agents at Work within Area 8 
 
Trampling, as a taphonomic form of mechanical edge modification, was suggested long 

ago by Bordes (1961) and damage associated with trampling of artifacts by people or 

animals has been repeatedly studied through experimental replication on a variety of 

substrates with contradictory results (Flenniken and Haggarty 1979; Knudson 1979; 

Keeley 1980; Gifford-Gonzales et al. 1985; Lopinot and Ray 2007; McBrearty et al. 

1998; Nielsen 1991; Pryor 1988; Rasic 2004:127-132; Shea and Klenck 1993; Tringham 

et al 1974).  Raw material, substrate and artifact density contribute to the amount of edge 

damage. Trampling, particularly in dense clusters of knapping debris, produces pseudo-

notches on flakes (Vallin et al. 2001). Trampling has also been identified as an agent in 

the production of notches on bone (Blasco et al. 2008). 

Another form of mechanical damage not often considered in microwear studies is 

thermal alteration, which has not been satisfactorily researched in reference to Edwards 
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a

b

Figure 8. Examples of geofacts collected from Clovis strata: a) Side 1; b) Side 2. Note 
the well-rounded edges on all surfaces, differential patination, and the absence of clearly 
identifiable platforms or ventral surfaces.
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chert. There are no published studies of heat-treatment experimentation, nor the potential 

effects of thermal alteration to lithic surfaces and the implications for microwear 

analysis. Potlidding, crazing, and spalling of surfaces on debitage from Excavation Area 

8 was macroscopically visible, although not always. Sometimes these indicators could 

only be observed microscopically (Figure 9). While indicators of thermal stress were not 

confused with use, thermal alteration reduces the tensile strength of stone (Purdy 1974, 

1975), therefore increasing chances of post-depositional fracture (Bleed and Meier 1980; 

Towner 1984). How thermal alteration may affect formation rates of patina is not 

known. 

Levi-Sala (1986) addressed the microscopic effects of post-depositional surface 

modification (PDSM) and observed that PDSM made it difficult to employ Keeley’s 

(1980) methodology in the interpretation of microwear polishes. She also observed that 

polishes described by Keeley, and those seen on experimental tools, do not always 

resemble archaeological specimens. Levi-Sala designed experiments to replicate 

conditions causing soil sheen, to monitor the appearance of random bright spots, to 

observe the effect of sediment on existing microwear polish, and to document resulting 

edge damage. Surprisingly, not only were existing polishes removed, but the orientation 

of existing linear indicators—originally parallel to the edge—changed in alignment. 

Levi-Sala convincingly demonstrated that various mechanical processes, such as vertical 

movement of artifacts and tumbling action associated with fluvial or colluvial processes, 

can alter culturally produced microwear polishes. 
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Soil sheen, also referred to as X-polish (Driskell 1998) or mild particulate polishing 

(Donahue and Burroni 2004:144) is considered here as a mechanical process resulting 

from contact with particulate matter in the soil or silicates from the stone itself. In Area 

8, the presence of soil sheen was ubiquitous on all examined artifacts; the shrink-swell of 

clays within Unit 3a could have contributed to its formation. The result of wetting and 

drying processes was clearly visible in field observation and in thin section (Luchsinger 

2002). Slickensides were identified within Unit 3a on all ped faces and striated b-

fabrics—formed by the reorganization of soil fabric and generally attributed to wet-dry 

cycles. Whatever the exact cause, the texture of lithic artifact surfaces is abrasively 

changed; asperities are flattened in the same way seen with tool use. The resulting polish 

varies in intensity, is differentially distributed across artifact surfaces, and is sometimes 

identified as a narrow band concentrated along flake edges (Figure 9). Other researchers 

(Donahue and Burroni 2004; Driskell 1998; Kay 1998) have identified multidirectional 

striations within this type of soil sheen. When present, linear indicators or striations were 

only discernable with the compound microscope, usually at magnifications above 200X, 

although indicators of post-depositional damage occurring during excavation or 

laboratory handling were readily observable in most cases (e.g. freshly fractured 

surfaces, metal streaks, pencil marks, Paraloid, etc.). 
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Not limited to mechanical actions, taphonomic processes affecting archaeological 

assemblages include chemical agents that alter, or patinate, the surface of stone (Schiffer 

1996:152). Patina can differ in color; the vast majority of artifacts from Area 8, 

originally gray, brown, or grayish-brown Edwards chert, have both yellow and white 

patinas, usually in conjunction (Figure 10). While not a reliable indicator of age, studies 

of patination or varnish formation on archaeological specimens has centered on 1) using 

patina as a means of dating archaeological materials or placing them contextually, 

stratigraphically, and culturally (Clark and Purdy 1979; Dorn et al. 1986; Frederick et al. 

1994; Hurst and Kelly 1961; Shea 1999); 2) identification of the exact processes 

involved in its formation (Rottländer 1975; Stapert 1976), and 3) understanding the way 

the process of patination affects artifacts (Ackerman 1964; Pineda et al. 1997; Schmalz 

1960; Sheppard and Pavlish 1992; Winton 2004), as well as microwear analyses (Keeley 

1980). Formation of patina is attributed to several factors including exposure to sunlight 

and wind, chemical composition of soils, and site hydrology. Certain types of weathering 

have rounded the arrises and edges of lithic tools (Deller and Ellis 2001:269). 

Experimentally, I have found that a white patina begins to develop on fine-grained gray 

Edwards chert in approximately two weeks time when exposed to direct sunlight. The 

same iron-stained clay that characterizes the Clovis strata in Area 8 is also present in 

other locations at the Gault site (Collins 2007:63, Table 4.2). The ocherous patina 

observed on all artifact types from Area 8 has also been noted at other Clovis-age sites 

(Agenbroad and Huckell 2007:162; Ferring 2001:139; Huckell 2007:182-183; Hudler 

2003:255). 
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Water is perhaps the most aggressive chemical agent within Excavation Area 8 

because it acts as the medium for other constituents in solution including calcium 

carbonate, iron, manganese and other dissolved ions. This is of considerable importance 

because the Gault site is located adjacent to a modern perennial stream, as well as active 

springs. It was evident that modern water table levels affected stratigraphic units 

containing artifacts and organic material such as bone; during excavation groundwater 

periodically rose to partially submerge excavation units. Redox features, pedogenic 

calcium carbonates, and evidence of a perched water table over Unit 3a are three factors 

reflecting the impact of groundwater within Excavation Area 8 (Luchsinger 2002). 

It is not completely understood how calcium carbonate affects artifact surfaces, 

although experimental studies have demonstrated a variety of chemical factors alter 

microwear traces (Levi-Sala 1986; Plisson and Mauger 1988). Calcium carbonate was 

present on nearly every type of artifact from Excavation Area 8 (Figure 10). Although 

heavily encrusted areas remain stubbornly adhered to artifact surfaces, it occasionally 

flaked off on its own and loose fragments were observed in artifact bags several years 

after excavation was completed. In some areas where calcium carbonate was detached 

from flake surfaces, no soil sheen was present, only a matte surface. This was not 

quantified, but bears further investigation in relation to preservation of microwear 

indicators. Ahler (2002) noted that an unreflective, microscopic film remained in areas 

where calcium carbonate was located prior to removal with hydrochloric acid. Calcium 

carbonate nodules—either eroded from local parent materials, deposited in conjunction 
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with other sediments (lithogenic carbonates), or formed in place (pedogenic 

carbonates)—were identified in all geologic units within Area 8 (Luchsinger 2002). 

The extent to which iron and manganese oxides interfere with microwear analysis 

also is not known. Most of the artifacts recovered from Excavation Area 8 have a 

yellow- or ocherous-colored stain attributed to iron or manganese. Rottländer (1975:109) 

suggests that ocherous or brown patinas result from iron oxides and hydroxides. Orange-

colored redoximorphic concentrations, related to the reduction, translocation, and 

oxidation of iron and manganese oxides, were located throughout Unit 3a and Unit 3b 

matrices and carbonate nodules from both units were stained by iron and possibly 

manganese as well (Luchsinger 2002). SEM/EDS analysis of brown-to-black residues, 

identified on blades, showed elevated levels of iron and manganese (Minchak 2007: 63-

66 and Appendix F). The same type of residue was noted on pieces within the debitage 

and edge-modified assemblages. Ocherous and white patinas have been observed at 

other Clovis sites such as Aubrey (Ferring 2001:139) and Pavo Real (Hudler 2003:255). 

To summarize, a variety of mechanical and chemical agents were identified within 

Excavation Area 8 that might affect lithic microwear interpretations. In terms of 

identifying indicators related to cultural use, it may seem pointless to analyze artifacts 

subjected to natural alteration; however, these pieces provide valuable information on 

taphonomic processes (sensu Burroni et al. 2002). 

 
Experimental Program 

 
Both macro- and microscopic results of preliminary investigations were compared to 

experimental controls produced during ongoing analyses conducted by myself and other 
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researchers working on the Clovis assemblage recovered from Excavation Area 8 

(Minchak 2007; Smallwood 2006; Wiederhold 2004). Experiments involved a variety of 

bifacial and unifacial tools manufactured from Edwards chert and focused on the 

identification of microwear resulting from longitudinal, transverse and rotational 

motions on a diverse assortment of worked materials. This interaction with other 

microwear analysts, novices and experts alike, was critical to the development of my 

own experimental program. 

In relation to post-depositional processes, I have completed three trampling 

experiments, two on substrates similar to the Clovis occupation surfaces at Gault (e.g. 

clay or silty clay), as well as an experiment constructed to observe the effects of stream 

rolling or tumbling (Pevny 2009). Other experiments involved both hard and soft worked 

materials. To date, I have butchered bison; scraped wet and dry bison hide; cut wet horse 

hide; and cut, scraped, drilled and scored a variety of hard and soft materials including 

wood (seasoned oak, green oak, green bois d’arc/osage, river cane, bamboo), bone (elk, 

deer, cow), antler (elk and deer), turtle shell, grasses and gourds. This research generated 

an assemblage that formed the analogues I used for comparison with Clovis artifacts. 

Rigorous experimentation aids in development of comparative analogues needed to 

understand the complex mechanisms of, and the interaction between, both cultural and 

non-cultural factors affecting artifactual material. Until the researcher undertakes an 

experimental program, it is difficult to fully comprehend the amount of time it actually 

takes to both conduct experiments and microscopically analyze the analogues, regardless 

of the magnification involved. Once the researcher has undertaken even the simplest of 
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experiments, it quickly becomes evident how useful the results are analytically (e.g. to 

compare with archaeological collections) and how edifying the various experimental 

tasks are for the researcher. Studies that strictly compare archaeological material to the 

results of other microwear analysts lack critical participation and may produce 

questionable results. 

 
Methodology and Definition of Terms 

 
The original edge-modified assemblage constitutes 7.68% of the larger-size Clovis 

debitage and was culled using a 10X hand lens. These 258 specimens were quickly 

sketched, a step that provided the basis for an analytical form to record data as well as 

familiarization with damage and fracture patterns. Attribute data was collected in the 

same manner described for the debitage assemblage (Chapter II). Attribute and metric 

data were recorded in a Microsoft Access database. During this portion of the analysis a 

system similar to the ‘employable unit’ as defined by Knudson (1983:10)—but 

incorporating damage regardless of its source—identified each instance of fracture 2 mm 

or greater (oriented approximately perpendicular to the unit edge on a flake or flake 

fragment). Each instance of damage was assigned a number and classified by location on 

either the exterior or interior surface as well as by quadrant. Larger fractures, such as 

thermally spalled edges or fractures related to flake fragmentation (e.g. proximal, 

medial, or distal fragments), were noted but not assigned an employable unit. Evidence 

of thermal stress was readily identifiable; the latter fractures are probably related to 

production, but could be attributed to post-depositional processes such as trampling. 
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Macroscopic damage, or scar depth, was grouped into invasive (>10 mm), moderate 

(>5 mm), and minimal (>2 mm) modified categories. Microscopic fracture patterns, arris 

rounding, edge rounding, polish, linear indicators, and residues were noted if present. 

Descriptive information, unless specified, is based on flakes oriented with the platform 

located downward and the proximal end closest to the analyst. Edge and spine angle 

measurements were collected as discussed by Tringham et al. (1974), but using a Safe-T 

Pro-Ruler protractor. 

Microscopic criteria for identification of cultural wear include rounding of edges, 

arrises or other projections, polish, linear indicators and residue. With the exception of 

adhesive residues, these are considered abrasive in nature, that is, they are generated by 

attrition (Diamond 1979; Kamminga 1982). The entire collection has many flake edges 

with microfracture less than 2 mm from the edge; therefore, this form of damage was not 

soley relied on to determine whether a flake is actually a tool. It was used in conjunction 

with macrofracture patterns and tool morphology to decide whether a given piece was 

actually a tool and, if so, how that tool was used. Patterned microwear and its intensity is 

used to assess tool function (Ahler 1979), but wear attributes are considered in 

conjunction (Odell 1986).  

Many artifacts display unpatterned damage characteristic of trampling or other post-

depositional processes and were eliminated from further analysis (Figure 11).  Non-use 

damage identified in the current study include 90-degree crescentic or ‘snap’ fractures,    
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Figure 11. Examples of damaged flakes eliminated during debitage and usewear analysis. 
The upper photograph depicts exterior flake surfaces and the bottom photograph shows 
interior flake surfaces. Note the notched edges, thermally altered surfaces, and l-shaped 
fractures.
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crushed or abraded edges, impact fractures, rounding of edges and arrises, polished 

surfaces and striations in erratic locations on flake edges, and occasional linear cracks on 

both exterior and interior surfaces. Broken unpatterned edges do not necessarily result 

from post-depositional processes alone (Grace 1989); it is possible some of the pieces 

rejected at this stage of analysis included unretouched flakes that were used, discarded, 

and then post-depositionally damaged. 

Microscopic analysis began by cleaning each artifact with an emulsifying agent and 

then five minutes in a sonic cleaner to remove any additional residues. Stronger cleaning 

agents, such as hydrochloric acid and sodium hydroxide were avoided for this study, 

unless absolutely necessary, to prevent the acceleration of chemical patination of artifact 

surfaces (Donahue 1994). As advocated by Kay (1996:321; 1998:746), methyl alcohol 

was applied to remove any oily residues incidentally adhered to flake surfaces either 

from handling or the clay polymer employed in securing specimens under the 

microscope.  

Low-power analysis was conducted with a Leica Z12.5 stereomicroscope to scan 

edges and describe fracture patterns, noting edge or arris rounding, polish, residues, or 

linear indicators when visible with lower magnifications, which ranged from 10x to 

100x. Problems comparable to those described by other researchers (Keeley 1980:12; 

Minchak 2007:51), such as deterioration of images, were encountered between 60x and 

80x. High-power analysis employed a Leica DM LA compound microscope with 

magnifications of 100x, 200x, and 500x used to identify microfracture, polish, and linear 

indicators. Minchak (2007:24-25, Appendix B), Smallwood (2006:19-21), and 
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Wiederhold (2004:78-81) provide detailed discussions of the photomicrograph software 

and descriptions of the Leica Z12.5 and DM LA microscopes. 

The stereomicroscope provided a means to identify types and patterns of edge 

fracture, while the compound microscope was used to examine polish and linear 

indicators and to infer kinematic motion when possible. In conjunction, both 

microscopes aided in the identification of unpatterned fracture or damage and, for the 

most part, to reliably distinguish between indicators associated with cultural use and 

those created by taphonomic forces.  

With either microscope interior flake surfaces were examined first in a location least 

likely to accrue traces of cultural use, though not necessarily escape damage from post-

depositional processes. The point was to avoid edges where modification is more likely 

to occur. Usually this centrally located area was free from fracture and textural change 

and provided an understanding of the raw material surface for comparative purposes. 

Because natural modification like soil sheen can be confused with use, starting on a 

surface less likely to accrue use polish allows the analyst to familiarize themselves with 

its expression related to a given material, in this case Edwards chert.  

Working outward towards the edge, any surficial changes were noted. Once the edge 

was encountered, examination continued around the circumference of the flake on the 

interior side. The exterior surface was similarly examined. Careful attention was given to 

arrises close to the contact zone (e.g. area of flake or flake fragment likely to be in 

contact with worked material), on either the interior or exterior surface. If an edge was 

particularly microfractured, the surface adjacent to and above the uppermost row or tier 

159



of flake removals provided the best evidence of polish and striations. Location, direction 

and type of flake removal, as well as termination type, were noted as well. In reference 

to analysis conducted with the compound microscope, the analytical strategy and 

microwear criteria followed by Smallwood (2006:13-17) are paralleled for this study. 

 
 

Results 
 
From the 258 pieces analyzed with the stereomicroscope, I selected 46 for further 

analysis (Figures 12-19). Thirty-one items were from Unit 3a and 15 were from Unit 3b. 

The 46 pieces were chosen based on both macroscopic flaking patterns and potential use 

indicators, including edge rounding, arris rounding, and polish at the low-power level 

and rounding, polish and linear indicators at the high-power level, although these are not 

necessarily present in combination on any single artifact, nor attributable to cultural use. 

Again, microabrasion in the form of fine fracture along edges (Kamminga 1982:vii) was 

not a good criteria for advancement because all pieces showed some degree of edge 

microfracture. Rounding identified on the distal ends of overshot flakes (e.g. bifacial 

platform preparation) was discounted. 

The final edge-modified assemblage is composed of 17 complete flakes and 29 flake 

fragments (7 proximal, 12 medial, and 10 distal portions) of Edwards chert. Nearly half 

the flakes (n=22) are the result of biface reduction; this includes four complete overshot 

flakes and three distal overshot fragments. The presence of cortex, in varying degrees, 

on 11 complete flakes is indicative of initial reduction or primary trimming; 63 percent  
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Figure 12. Tools with patterned, invasive flaking: a) AM4-E-1090; b) AM4-1091; c) 
AM182-A-1534; d) AM215-1086; e) AM228-1082; and f) AM244-V3-1183.
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Figure 13. Tools with patterned, invasive flaking: a) AM239-C-1574; b) AM256-Q-102; 
c) AM291-T2-1206 and AM314-S2-1163; d) AM259-R-1537; e) AM274-O-1150; and f) 
AM239-B-1573.
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Figure 14. Tools with patterned, invasive flaking: a) AM319-S-1138; b) AM319-U1-1145; 
c) AM319-X2-1144; d) AM347-L108-1126; e) AM239-C-80.
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Figure 15. Tools with patterned, invasive flaking: a) AM353-S-1202; b) AM397-1055; c) 
AM364-B1-1544; d) AM320-Y-1189.
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Figure 16. Tools with patterned, invasive flaking: a) AM291-N2-1204; b) AM303-E-1108; 
c) AM2000-GT-25; d) 423-I2-1158; e) AM438-174
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Figure 17. Possible tools with patterned, but less invasive flaking: a) AM196-F-1430; b) 
AM228-L2-1081; c) AM244-1007; d) AM244-1071; e) AM244-B3-1183; f) AM268-K-
1182; g) AM292-A-939.
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Figure 18. Possible tools with patterned, but less invasive flaking: a) AM246-L-1210 and 
AM246-L-1288; b) AM256-T-1241; c) AM274-M-1253; d) 277-X-874; e) AM314-V3-
1164; 
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Figure 19. Possible tools with patterned, but less invasive flaking: a) AM397-G-1193; b) 
AM392-U2-1134; c) AM332-F2-1197; d) AM397-P-1195 ; e) AM319-L4-136.
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of the assemblage have cortical material on exterior surfaces. Cortical (n=5), single-

faceted (n=5), and multi-faceted (n=15) platforms are represented with evidence of 

preparation evident on a third of the platforms. When present, bulbs of force were 

pronounced (n=16), although nearly half of these also had lipped platforms. Conversely, 

half of the diffuse bulbs of force did not have lipped platforms.  

Metric analysis was difficult considering the fragmentary nature of the assemblage. 

Edge and spine angles were similar for both tools and possible tools. Invasively 

modified artifacts totaled 13 (28.26 percent), moderately modified artifacts totaled 18 

(39.13 percent), and minimally modified artifacts totaled 15 (32.61 percent). 

The delimitation of post-depositional processes and consideration of their affect on 

the edge-modified assemblage is an important issue to address in reference to microwear 

analysis. Although lithic material is extremely enduring, it is still subject to chemical and 

mechanical alteration. When considered individually, the effects of these processes are 

generally discernable and microwear research acknowledges and takes these factors into 

account (Flenniken and Haggerty 1979; Kay 1998; Kamminga 1982; Keeley 1974; 

McBrearty et al 1998; Odell and Odell-Vereecken 1980; Shea and Klenck 1993; 

Tringham et al. 1974). The causal sequence of one or more of these forces in conjunction 

can be more difficult to discern. The identification of agents contributing to mechanical 

damage of flakes included excavation and laboratory procedures, soil movement, 

thermal alteration, and trampling. At least 10 pieces have evidence of recent damage that 

occurred during or post-excavation. All 46 have varying degrees of soil sheen; white 

streaks, as discussed by Keeley (1982:32), were observed on the interior surface of one 

169



specimen. Thermal alteration was observed on eight specimens. Many artifacts (n=212) 

originally considered in this analysis displayed macroscopic damage characteristic of 

trampling and were eliminated from further study. However, there are tools or possible 

tools that similarly damaged. 

Using each instance of damage greater than 2 mm in size (exterior n=145; interior 

n=72) on the 46 pieces selected for the final study, it was found that most fractures 

occurred on the exterior surfaces of artifacts. If, as the null hypothesis predicts, there is 

no difference in damage between quadrants, then one quarter of the damage should 

occur in each quadrant. Distal portions of flakes displayed the highest counts and 

percentages of damage on both the exterior and interior surfaces; however, the Chi-

square statistic was not significant at the .05 level (χ2 = 1.2375; df = 1; p = 0.744). 

Within Area 8, chemical modification of artifact surfaces resulted from a complex 

combination of agents identifiable through microscopic study, although the fundamental 

intricacy of their relationship is not fully understood at this time. These factors are 

differentially distributed across artifact surfaces, but can occur either alone or in 

combination at any given location. Damage from laboratory processing was not always 

clearly discernable; 16 pieces had various degrees of Paraloid B-72 used to label artifacts 

and 6 were submersed in a weak solution of hydrochloric acid (10 percent) to remove 

calcium carbonate deposits early in the project to facilitate technological study. Calcium 

carbonate was observable on all 46 specimens in the final edge-modified sample, as was 

ocherous discoloration attributed to iron or manganese content in sediments, although 

these factors may not be observable at the same location. White-colored patination was 
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present on 41 pieces. Chemical alteration is noted in the discussion of each artifact when 

it either prevented or interfered with microscopic analysis. 

Of the 46 artifacts analyzed, 26 have use indicators identified with the 

stereomicroscope. A subsample consisting of 18 artifacts was non-randomly selected for 

analysis on the compound microscope. All 18 were found to have some combination of 

rounding, polish, and linear indicators; however, the presence of these indicators does 

not necessarily relate to cultural factors, as discussed further below. Ten pieces solely 

analyzed with the stereomicroscope failed to produce evidence of any indicators besides 

fracture. With one exception, these are large, cortical flakes generated during initial 

reduction of tabular cores or bifaces; four flakes had invasive, patterned removals along 

one or more lateral margins and were ultimately classified as tools. 

Based on a second evaluation of macro- and microscopic characteristics—and 

further consideration of taphonomic factors—26 artifacts were designated as tools, 

although not all had evidence of microscopic use, nor were all analyzed with the 

compound microscope. Intentional retouch, usually greater than 5 mm from the edge, 

ultimately delimited tools from non-tools in the absence of use indicators or interpretable 

indicators. The remaining 20 specimens are possible tools and the two groups are 

discussed separately below. Descriptions are standardized as much as possible; the 

sequence of damage is presented when such interpretations could be made. 

 
Tools: Patterned, Invasive (>10mm) and Moderately Invasive (>5mm) Flaking 
 
The 26 artifacts in this group have more invasive flake removals that are patterned, 

overlapping and either continuous or nearly so. Many are fragments of larger pieces 
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(n=18; 69.23 percent) and 11 were analyzed with the compound microscope. Although 

these pieces are considered tools, they were still subject to the same taphonomic factors 

as specimens discussed in the possible tool group; however, evidence of post-

depositional damage was discernable and unequivocal. 

AM4-E-1090. This is a large, naturally backed, cortical overshot flake (Figures 12 

and A.1). Flake removals are oriented perpendicular and at a slightly oblique angle along 

the straight acute edge; this flaking is distributed bifacially and frequently in 

corresponding locations. Flaking on the exterior surface is less invasive than the interior 

and continues for approximately two-thirds of the edge and then begins again closer to 

the distal end; removals include shallow step and hinge fractures. Flake removals from 

the interior surface are a mix of feather, hinge and step terminations, which vary in size 

and invasiveness. Both bending and cone initiations are evident. The platform and bulb 

of force have been partially removed. The left lateral edge on the interior surface is 

continuously flaked except for the last portion near the distal end; this area represents the 

most invasive flaking on this tool. The interior right lateral edge its counterpart on the 

exterior face displayed the least amount of flaking. Microwear: No rounding or polish 

was observed with the stereomicroscope; this piece was not analyzed with the compound 

microscope. Post-depositional damage: On the interior surface, the thin cortical band at 

the distal edge has microstep fractures and crushing possibly related to post-depositional 

or manufacture damage; this flaking may also relate to how this piece was manipulated 

if used. There are small flake removals on the right interior edge near the distal end. 

Calcium carbonate, particularly on remaining cortical surfaces, hinders identification of 
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flake terminations and there is a recent flake removal on the distal end. Assessment

AM4-1091. This is a medial section of a flake with some cortex on the exterior 

surface (Figures 12 and A.1). This piece is modified along both lateral margins on the 

exterior face and interiorly on the distal portion of the right lateral margin. A single 

notch along the exterior left lateral margin was produced through moderately steep flake 

removals. The most invasive row of flaking consists of feather and hinge terminations. 

Step flaking predominates closer to the edge with some areas crushed and rounded, 

particularly within the notch. The right lateral margin is denticulated by two consecutive 

notched areas; most flake removals are step terminated. A midsection of the central arris 

on the exterior surface is crushed and stepped giving a crested appearance to this flake. 

: 

Although this piece is considered culturally modified, no further evaluation of use can be 

made at this time. 

Microwear: Although soil sheen was evident across most surfaces, a very slight texture 

change (Type A) and faint linear indicators—perpendicular and oblique to the edge—

were identified with the compound microscope on the interior surface near the proximal 

end, but outside of the notch. Texture change became slightly more developed (Type 

A+) near the center of the notch on the same surface. Polish is discontinuous and 

interrupted by microflake removals. Polish development on the central exterior ridge is 

visible on the patinated area. Rounding and Type A polish are located on the opposite 

interior edge near the proximal end. Minor rounding was noted on the right lateral edge. 

Post-depositional damage: Three overlapping removals on the interior surface at the 

distal end are truncated by the fracture that removed the original distal portion of this 
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flake. While there is a minor amount of exterior and interior scaling along both the 

proximal and distal break surfaces, no evidence of use was observed in either area and 

these microremovals are probably related to original fractures. Metallic residue is 

located on the exterior surface and recent microflaking is present on the exterior surface 

along the proximal edge. White patina interfered with compound analysis along the right 

exterior lateral edge. Assessment

AM182-A-1534. The right lateral margin of this noncortical flake fragment exhibits 

continuous bifacial retouch with feather terminations on the upper row of removals and 

hinge and step terminations closer towards the edge (Figures 12 and A.3). The exterior 

left lateral edge is retouched as well. 

: This piece was culturally modified, but the minute 

amount of polish is not well-developed nor well-represented; however, with one 

exception it is unilaterally concentrated on the interior surface of the single notch. Faint 

linear indicators in this area are perpendicular and oblique to the edge. Step fractures 

argue for use on a harder material and edge and arris rounding speak to duration of use, 

but the ephemeral nature of this evidence precludes absolute determination. 

Alternatively, when viewed in conjunction with the arris damage on the exterior surface, 

indicators may suggest hafting and the distal break may have truncated the working bit 

of this tool. 

Microwear: Edge rounding was observed with the 

stereomicroscope within the flaked area on the bifacially flaked lateral margin. Post-

depositional damage: Thermal stress is evident on the interior surface in the form of 

potlids and crenated fractures are located on the distal and left lateral edges. Damage on 

the right interior edge truncates the edge of potlid. This damage consists of mainly step 
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terminated removals of different sizes. Paraloid B-72 obscured some surfaces from 

analysis. Assessment

AM215-1086. This is the proximal flake fragment with discontinuous removals on 

the exterior right lateral edge; flake terminations include feather, hinge and step types, as 

well as 90-degree concentric breaks (Figures 12 and A.4). Flaking along this edge is 

multi-directional and the edge angle is acute. The notch on the left lateral edge of 

exterior surface has three rows of flake removals; invasive rows are feather and hinge 

terminated and the lower rows consist of feather, step and hinge terminations. The notch 

is 14 mm wide and 5.1 mm deep. The distal break truncates an area to the right that 

consists of similar tiered step and hinge terminations and may represent a fragmentary 

portion second notch or another utilized edge.  

: This medial flake fragment was culturally modified, but absence 

of polish or linear indicators prevents inference of worked material or kinematic motion. 

Microwear: Although not analyzed with 

the compound microscope, edge rounding was observed at low-power magnification 

near the center of the notch. Retouch in this area is invasive and the edge is slightly 

crushed in the area adjacent to the rounded edge. Post-depositional damage: Thermal 

stress is evidenced by a potlid on the interior surface. Minute cracks are visible in same 

area on the exterior surface and may either be related to thermal stress or the fracture on 

the distal end. The two breaks on the distal end are oriented in different directions and 

display minor scaling as well as more invasive damage in the form of feather- and step-

terminated removals. When viewed from the exterior surface, the break to the right 

occurred first, then the small flake removals from its surface; the break to the left 

truncates the break to the right. Paraloid B-72 covers the flaked portion of distal end. 
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Assessment

AM228-1082. This is a unifacially flaked noncortical flake with two projections on 

the distal end (Figures 12 and A.5). There may have been a third projection to right of 

other two, but a concentric break truncates the edge. The concave areas between, and on 

either side of, the projections are steeply flaked with three to four rows of removals. The 

most invasive row of removals are predominately narrow, parallel-sided feather 

terminations; the lower rows are mainly hinge- and step-terminated. The smaller of the 

two projections has multiple step fractures and the edge is crushed. Both lateral edges 

are discontinuously flaked on the interior surface. 

: Culturally modified, but the absence of polish or linear indicators prevents 

inference of worked material or kinematic motion. 

Microwear: Slight rounding of the 

edge was noted with the stereomicroscope in the areas of both projections on the exterior 

surface. This tool was not analyzed with the compound microscope. Post-depositional 

damage: Paraloid B-72 prevented analysis of portions of the right lateral edge. 

Assessment

AM239-B-1573. Upon initial recovery, this piece was thought to be a modified 

channel flake; however, flake removals on the exterior surface originate from the lateral 

edges (e.g. it was pressure flaked from the margins). On the exterior surface, two areas 

of the original flake surface are still evident (Figures 13 and A.6). Removals are 

obliquely oriented and invasive; in some instances, they extend almost across to the 

opposite lateral margin. Flaking on the interior surface is less invasive and the edges are 

more steeply angled or beveled. The extremely straight edges are highly ground around 

the perimeter except on the distal portion closer to the fractured tip, which actually is 

: Culturally modified. 
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located at the proximal end of the original flake. Macroscopic edge grinding has 

removed evidence of negative bulbs in some areas and arrises between removals are 

abraded back as well. The fracture that removed the distal portion is directed towards the 

interior surface. Less invasive removals truncate grinding along the lateral edges. Flake 

removals, near the tip and back onto the right lateral edge of the interior surface, are 

obliquely oriented and probably were removed to trim the bulb of force. Microwear: 

Rounding is present on edges and arrises. Visible at 200X, there is slight texture change 

(Type A) on arrises and the original interior surface, as well as linear indicators on the 

lower half that are perpendicular to the edge. Slightly more developed polish (Type A+) 

and rounding are present near the fractured tip. On the exterior surface, linear indicators 

are more invasive toward the distal end of the piece and oriented parallel to the long 

axis. Post-depositional damage: Paraloid B-72 in the central portion of the interior 

surface precluded microwear analysis of this area. White patination was ephemerally 

developed on the lowest row of microflake removals. Assessment: Culturally modified; 

the break at the distal end is similar to an impact fracture; it is not torqued as fractures 

associated with drill use. The distal end was subsequently reworked as demonstrated by 

fine flaking on the exterior surface. The extent of basal grinding and abraded arrises on 

the lower third portion, as well as linear indicators perpendicular to the edge in this area, 

argue for hafting and suggest a level of curation not observed in the rest of the edge-

modified tool assemblage. Miniature projectile points similar to this one are known from 

other Paleoindian sites such as Blackwater Draw, NM (Hester 1972) and Pavo Real, TX 

(Collins 2003).  
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AM239-C-1574. This proximal flake fragment has continuous, invasive, unifacial 

flaking—a combination of feather and step terminations—located exteriorly on the 

remaining lateral edge and distal remnant. Step removals are concentrated toward the 

proximal end and in the center of the edge (Figures 13 and A.7). This edge is heavily 

rounded in isolated areas. Some flaking is evident on the right lateral exterior edge; it is 

not truncated by the distal break so it is impossible to distinguish if it occurred before or 

after the break. On the interior surface near the proximal end there is a fracture 

extending oblique from the edge with a feather terminated flake removal originating at 

the crack and not at the edge. Flake removals along this interior edge are discontinuous 

shallow hinge and step terminations with a few continuous feather removals near the 

distal end. Microwear: Edge and arris rounding were observed with the 

stereomicroscope; this artifact was not analyzed with the compound microscope. Post-

depositional damage: The break surface that truncates the right portion of this tool has a 

cone-initiated fracture with crushing on the edge, some minor scaling, and a single 

longer feather-terminated removal. There are two areas of manganese or iron staining on 

the right edge of the interior surface; the upper concentration is truncated by recent 

removals. One recent flake removal was observed on the distal remnant edge. 

Assessment

AM244-V3-1183. This large, cortical flake is unifacially flaked. The right exterior 

lateral edge is steeply flaked and denticulated in appearance. Distal flaking truncates the 

: Culturally modified. The presence of Paraloid-B72 on the interior surface 

and a heavily patinated exterior surface prevents comment on polish and no linear 

indicators were observed. 
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hinge termination of original flake. Flaking along both modified edges is predominately 

feather terminated on the most invasive row. The edge is sharp except for a minute area 

of rounding near the center of lateral edge (Figures 12 and A.8). The flaking on the distal 

end has feather-terminated removals on the most invasive tier, but step and hinge 

removals closer to the edge; multiple superimposed step removals create a stacked array 

towards the center of each notch-like area.  Microwear: Above this area, there is a small 

place with a crushed arris and potential polish (Type A). Post-depositional damage: 

There is a crescent-shaped crack near the distal end where the original hinge fracture is 

located. Calcium carbonate and patinated surfaces hinder visibility. Assessment

AM256-Q2-102. The proximal portion of this cortical overshot flake was removed 

perpendicular to the long axis of the flake and subsequently retouched (Figures 13 and 

A.9). Unifacial flake removals along this edge are continuous and stepped; some 

removals are superimposed/stacked and crushed in areas. The most invasive tier of 

flaking is composed mainly of feather removals; flaking toward the edge is step and 

hinge terminated. Some microflaking is present on the interior surface within the large 

flake scar removal on right lateral edge, which ends in a crushed area with 

predominately step and hinge removals. The right lateral edge has several concentric 

fractures and unpatterned discontinuous cone-initiated removals. A large removal on the 

interior surface is perpendicular to the long axis of the flake. The left lateral edge is 

missing. 

: This 

piece was culturally modified, but lack of microwear precludes definite determination of 

use. 

Microwear: One projection is slightly rounded on the proximal end. This flake 
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was not analyzed with the compound microscope. Post-depositional damage: This piece 

was immersed in a 10-percent solution of hydrochloric acid to remove calcium 

carbonate. Assessment

AM259-R-1537. This is a unifacially retouched medial fragment of a large cortical 

flake (Figures 13 and A.10). The fracture planes on the distal end are bidirectional and 

minor scaling was observed on break surfaces. There is some flaking on the exterior 

surface in this area, but calcium carbonate covers the surface and prevents absolute 

determination. The exterior left lateral edge exhibits continuous regular removals, which 

are mainly feather terminated on the most invasive row of flaking. The lower removals 

are predominately step and hinge terminated. Only a few flake scars are present on the 

interior surface of same edge. 

: This flake was culturally modified, but the lack of wear evidence 

precludes determination of use. 

Microwear: Slight rounding was noted on the left lateral 

edge with the stereomicroscope near the approximate center of the retouched area, but 

this piece was not analyzed with the compound microscope. Post-depositional damage: 

Two small pot lids are visible near the distal portion of the flake on the interior surface. 

There may be a third thermal fracture that did not spall in the center of the same edge, 

but it may be related to the two breaks that truncated the distal portion of the original 

flake. The right lateral edge may be thermal spall as well.  Assessment

AM274-O-1150. The left lateral edge of this large cortical flake is unifacially 

modified; there is a small portion of the right lateral edge with bifacial flaking (Figures 

13 and A.11). Along the exterior left lateral margin, feather terminated removals 

: Culturally 

modified, but no other determination of use can be made at this time. 
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predominate on the most invasive row of flaking, but step and hinge terminations are 

more numerous closer to the edge. A similar flake pattern is seen on the opposite lateral 

edge, which is truncated by two bidirectionally different breaks. Interior flaking in this 

same area is feather and step terminated. Microwear: Isolated rounding was observed on 

the edge and arrises along the left lateral edge. Post-depositional damage: The exterior 

surface is heavily encrusted with calcium carbonate. The interior surface has a few 

sporadic flake removals (feather and shallow step or hinge terminations) and a small area 

of microflaking on the right lateral edge that is step terminated. Assessment

AM291-N2-1204. This is a noncortical medial flake fragment that is unifacially 

modified. Both the proximal end and one lateral edge are missing; these breaks truncate 

the flaking along the remaining edge (Figures 16 and A.12). There is a crack on the 

interior surface at the juncture of the interior edge and proximal break. Large step 

fractures are present on the interior surface near the distal end on the upper portion of the 

lateral break. The convex retouched edge on the exterior surface is composed mainly of 

feather terminated removals on the most invasive tier; a mix of hinge, step and feather 

terminations were observed closer to the edge. 

: This flake 

is culturally modified, but the paucity of use evidence precludes exact determination. 

Microwear: No indicators were visible 

with the stereomicroscope; however, analysis with the compound microscope revealed 

slight rounding of arrises on the right exterior margin, although most of the edge was 

still sharp. Along the apex of the same convex edge, slight texture change (Type A+) 

was observed. The same type of polish and linear indicators perpendicular to the edge 

were noted as well. Post-depositional damage: A dark brownish-black substance on the 
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interior surface, probably iron or manganese staining, is present in several locations in 

conjunction with small areas of intense polish with good linkage (Type B). In the same 

area, discontinuous microflaking along the edge truncates generic soil polish and a few 

of these scars have begun to re-patinate. Assessment

AM291-T2-1206 and AM314-S2-1163. This refitted specimen is a noncortical medial 

section of flake or blade-like flake (Figures 13 and A.13). Unifacial flake removals along 

the modified exterior edge are feather, hinge and step terminated on all three rows. 

Microflaking is nearly continuous on the interior surface of the same edge. 

: Culturally modified and possibly 

used in a transverse motion. 

Microwear: 

Edge rounding on the modified edge was visible with the stereomicroscope in 

intermittent locations; this piece was not analyzed with the compound microscope. Post-

depositional damage: Thermal spalls are evident on the proximal and lateral edges; the 

curvature and dimpled break surface of the lateral edge implies thermal stress resulting 

in crenated fracture. A small potlid was observed on the exterior surface at the edge of 

the crenated fracture. The intensity of iron staining and patination are different on both 

portions of the refit. No luster was noted on any of the fractured surfaces, although there 

are bright spots visible in random locations on exterior and interior surfaces. Because 

these two fragments refit, it is clear that the break originated on the interior surface; 

there is a feather terminated flake scar near the point of impact and scaling at the same 

juncture. Residual Paraloid B-72 is evident on the exterior surface where an earlier label 

was removed. Assessment: Culturally modified, but no further determination can be 

made at this time. 
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AM293-C-80: Cortex remains on the bifacial portion of the distal edge (Figures 14 

and A.14). The interior right lateral edge is discontinuously flaked. A step-fracture 

removal on the opposite edge makes this portion appear burinated. The platform has 

been invasively trimmed away with smaller, continuous retouch. The most invasive 

flaking is composed of shallow feather and hinge terminations with hinge and step 

fractures closer to the edge. On the exterior surface, damage along the left lateral edge 

corresponds to flaking on the interior surface. Microwear: No indicators were observed 

with the stereomicroscope and this piece was not analyzed with the compound 

microscope. Post-depositional damage: Post-depositional damage on this large overshot 

is evident in the form of thermal stress. A large potlid removed a portion of the distal 

end of the overshot termination and there are cracks, probably related to thermal stress, 

in same area and further along the edge. Several of these cracks extend towards the 

center of the interior surface. Assessment

AM303-E-1108. This is a convex cortical fragment with patterned unifacial 

retouch—removals are roughly the same size—around the distal edge (Figures 16 and 

A.15). The proximal portion of the original flake is gone and this break truncates flaking 

on the lateral edges. The interior surface is unmodified except for a few discontinuous 

microflake removals. 

: Culturally modified, but no determination of 

use can be made. 

Microwear: Arris rounding was identified with the 

stereomicroscope. Patination and subcortex made high-powered analysis difficult, but 

the majority of the microwear is located on the exterior surface at the extreme distal end 

in the form of polish (Type A+) with slight textural change and linear indicators 
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perpendicular to the edge. One area of more intense polish (Type B+) was observed on 

an arris in this area as well. This type of polish was not typically observed within the 

assemblage and its presence is worth noting. Edge and arris rounding were observed on 

projections between flake scars along other portions of the exterior edge. Interiorly, there 

is only one area with polish (Type A+) at the extreme distal end with white patina visible 

over the polish. Post-depositional damage: Interior scaling is present along the proximal 

break surface. A step fracture on the interior surface is modern. Assessment

AM319-S-1138. The left lateral edge was retouched to create a nearly straight edge 

(Figures 14 and A.16). Discontinuous microflaking is present on the obverse interior 

surface. Microflaking on the right lateral edge is discontinuous and unpatterned. 

: Culturally 

modified, this piece was probably used in a transverse motion. The bit end is the same 

thickness as the endscrapers. 

Microwear: Rounding and slight linear indicators, perpendicular and oblique to the edge, 

are visible with the compound microscope on the exterior surface. Obliquely oriented 

linear indicators are present on the interior surface as well. Flake scar terminations are 

rounded over; polish (Type A) is located away from the edge on the intact surface above 

the upper rows of flake removals. Post-depositional damage: Paraloid B-72 on the lower 

third of the edge near the distal end obscured observations in this area. Assessment

AM319-U1-1145. This noncortical flake has a small area of continuous flaking 

greater than 2 mm from the edge, but the majority of the damage is almost continuous 

microflaking on both the exterior and interior surfaces in corresponding locations that 

: 

Culturally modified, this piece was probably used in a transverse motion. 
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are bifacially distributed (Figures 14 and A.17). The more invasive flaking is 

predominately feather terminated; the lower rows are hinge and step removals with some 

feather terminations as well. Microwear: Edge and arris rounding was noted with the 

stereomicroscope. On the compound microscope, all four indicators were observed. 

Polish is linked (Type A+ to B). Linear indicators are oriented obliquely to the edge. 

Post-depositional damage: This piece may have been thermally altered, but definite 

determination is not possible. A few cone initiated flake removals truncate the retouch 

on both lateral margins. Assessment

AM319-X2-1144. This noncortical flake has an extremely complex profile with one 

true notch (N1) that is 18.3 mm wide and 5.3 mm deep (Figures 14 and A.18). Several 

other concave areas are notch-like, but based on the flaking pattern—or lack thereof—

these are not configured in the same fashion, although one shows more development 

(e.g. composed of more than one row of flake removals). The other notch-like features 

are concentric fractures or concave areas with discontinuous microflaking. This same 

type of microdamage is present around the perimeter of the flake and is composed of 

feather, hinge and step terminations punctuated by crescentic fractures. The sharp, 

graver-like projection was created by a concentric break as well. There may have been a 

similar projection on other side of notch, but if so, it is no longer present. 

: Culturally modified, this tool was used to cut hard 

material, possibly antler or bone. 

Microwear: On 

the stereomicroscope, only rounding was noted on the edge outside of the culturally 

produced notch. No compound analysis was conducted. Post-depositional damage: 

Crescentic fractures are located around perimeter of flake. During technological 
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analysis, this piece was immersed in a 10-percent solution of hydrochloric acid for five 

minutes to remove calcium carbonate, which actually deepened the ocherous patina. 

Assessment

AM320-Y-1189. This large distal flake fragment was retouched on the exterior and 

interior surfaces along both lateral margins creating two concave edges and a stemmed 

appearance (Figures 15 and A.19). Flaking on the exterior surface is concentrated on the 

left lateral edge and the proximal end. The fracture plane, where the proximal end of the 

flake was removed, served as a platform for several step- and hinge-terminated fractures. 

: The largest notch, N1, was culturally produced. The other concave areas are 

ambiguous; compound analysis may resolve this issue. No other determination of use 

can be made.  

Microwear: No use indicators were observed with the stereomicroscope and this piece 

was not analyzed with the compound microscope. Post-depositional damage: Calcium 

carbonate impeded microscopic observation on the lower portion of the interior surface. 

Assessment

AM347-L108-1126. This is a cortical flake with a unifacially modified left lateral 

edge (Figures 14 and A.20). On the exterior surface, flaking consists of feather and hinge 

terminations on the upper row and hinge and step removals on the lowest two rows. 

Flaking on the interior surface consist of predominately discontinuous feather 

terminations. The small notched area is 8.3 mm wide and 2.7 mm deep. 

: Culturally modified, but no further evaluation of use can be offered. 

Microwear: 

Rounding was observed with both the stereo- and compound microscopes along the 

retouched edge. Linear indicators, oblique to the edge, were noted with the compound 

microscope on the interior surface below the retouch. Post-depositional damage: 
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Paraloid B-72 on the interior left lateral edge near the extreme distal end interfered with 

microscopic examination of this area. Assessment

AM353-S-1202. Macroscopically, retouch along the right exterior lateral edge 

consists of feather, hinge and step removals of roughly equivalent size and shape. 

Flaking is almost continuous along this edge. Only a few step-terminated removals were 

observed on the interior face. 

: Culturally modified, this piece may 

have been used in both longitudinal and transverse motions. 

Microwear: No indicators were visible with the 

stereomicroscope, but slight texture change (Type A) was observed with the compound 

microscope on the right exterior margin and it is truncated by flake removals. Interiorly, 

there is the same type of polish that becomes slightly heavier (Type A+) on the left 

lateral edge in conjunction with the appearance of linear indicators parallel to the same 

margin. This polish is close to the edge and does not extend far onto the interior surface 

(Figures 15 and A.21). Along the same margin there are obliquely oriented linear 

indicators and rounding was noted on a projection. No polish or striations were observed 

along the opposite edge. Post-depositional damage: The edge is truncated by 90-degree 

breaks, crescentic fractures, and cone-initiated fractures. The difference between the two 

margins is clearly discernable; the right edge is patterned and the left edge is chaotically 

fractured. A portion of the distal end is truncated by both crescentic fracture and v-

shaped removals; scaling is visible on these break edges. Assessment

AM364-B1-1544. This is the distal portion of a large cortical flake with two distinct 

marginal profiles (Figures 15 and A.22).  On the exterior surface, the left lateral edge is 

: Culturally 

modified, this tool could have been used in either a transverse or a longitudinal motion. 
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steeply flaked with little modification on the corresponding interior face. The most 

invasive flaking is on the exterior surface on the right margin and consists of feather-

terminated removals. The most invasive flaking consists of a combination of feather, 

hinge and step fractures, with step and hinge types predominating closer to the edge. 

While most of the flake removals on the right lateral edge are located on the exterior 

surface, the obverse interior surface has microflaking on the most acute portion of this 

edge. Microwear: No indicators were observed with the stereomicroscope. With the 

compound microscope, a few areas along the edge were rounded and only visible at 

500X. No rounding of arrises was observed. A few small areas of Type A and Type B 

were observed along the left interior edge. Type A polish on the right interior surface 

closely follows the edge, but is discontinuous and may be soil sheen. Post-depositional 

damage: A thermal spall portion of the distal and proximal ends, as well as part of the 

lateral margin. Five hairline cracks, visible on the interior surface near the proximal end, 

probably relate to thermal stress. Assessment

AM397-1055. This is a cortical medial fragment with the proximal portion modified 

into a graver-like projection (Figures 15 and A.23). Retouch varies from four to six rows 

on the notch that created the projection. The upper rows are feather terminated; the lower 

rows are hinge and step terminated. 

: Culturally modified, but indicators may be 

related to taphonomic factors. 

Microwear: Slight textural change (Type A) was 

observed on the projection with the compound microscope. Post-depositional damage: 

This piece was particularly problematic because previous removal of the artifact label 

smeared Paraloid-B72 across the surface; acetone, a 10 percent solution of hydrochloric 
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acid and 15 minutes in the sonic cleaner failed to remove this residue. These spots have a 

mirror-like finish with a dendritic network of cracks across the surface. It is particularly 

concentrated on the break surface at the distal end. The right lateral edge is truncated by 

a crenated fracture. In addition, there are recent flake removals on the exterior left lateral 

edge near the distal end. Assessment

AM423-I2-1158. This is a thick medial portion of a large flake with a small amount 

of remnant cortex. The platform, bulb of force, and most of the distal termination were 

removed by intentional retouch. The left lateral margin is straight and exhibits steep 

retouch, while the right lateral margin is convex and more acutely angled. In some areas, 

arrises on the exterior face are rounded enough to be macroscopically visible. 

: Culturally modified; except for slight edge and 

arris rounding located on and adjacent to the projection, the other indicators are related 

to laboratory processing. 

Microwear: With minor exceptions, the lateral and distal edges are rounded, as are 

arrises adjacent to the edge. Arrises on the upper of the exterior surface exhibit moderate 

rounding and some crushing as well, particularly near the distal end of the steeply 

retouched edge. Polish (Type B) is located along this margin as well on both the exterior 

and interior surfaces and decreases from the distal to proximal end. Linear indicators are 

perpendicular and oblique to lateral and distal margins. In one area near the distal end, 

polish resembles a bright spot and linear indicators within this area are multi-directional. 

The opposite low-angled edge has weakly linked polish (Type A) on arrises and there is 

a concentration of multi-directional linear indicators on the exterior surface near the 

distal end. There is one area where striations, perpendicular to the edge, are clearly 
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visible (Figures 16 and A.24). Post-depositional damage: Paraloid B-72 on the exterior 

surface prevents comment on microscopic observations in this area. Assessment

AM438-174. This is a large overshot with multidirectional discontinuous flaking on 

the exterior left lateral margin (Figures 16 and A.25). On the obverse interior surface 

there are a few feather, hinge and step removals of variable size. Minor scaling was 

noted on the distal end of the left lateral edge. A concave notch on the right lateral 

margin is 18.2 mm wide and 6.7 mm deep. There are four rows of flaking within the 

notch; all removals are hinge or step terminations. 

: 

Culturally modified, this tool was used in a transverse motion. The proximal portion may 

have been hafted. 

Microwear: No indicators were 

observed with the stereomicroscope and this flake was not analyzed with the compound 

microscope. Post-depositional damage: During technological analysis, this piece was 

immersed in a 10-percent solution of hydrochloric acid to remove calcium carbonate 

adhering to the exterior surface, which intensified the ocherous patination. Paraloid B-72 

was observed on both lateral margins of this flake and within the notch. Assessment

AM2000-GT-25. The exterior left lateral margin is predominately cortical and most 

flaking occurs on the opposite edge and distal termination. There are isolated areas of 

arris and edge rounding visible on both of these areas, but the same rounding and 

microflaking is visible along portions of the cortical edge as well. Unifacial flaking 

consists of predominately feather-terminated flake removals on the upper row, but 

discontinuous feather and hinge, or step and hinge, removals prevail near the edge. 

: 

Culturally modified, but no further determination of use can be offered. 
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Minor interior flaking is concentrated on the left lateral edge; these removals are mainly 

hinge and step terminated (Figures 16 and A.26) Microwear: Edge and arris rounding 

was visible with the stereomicroscope, but this piece was not analyzed with the 

compound microscope. Post-depositional damage: Random flaking and crescentic breaks 

truncate more patterned, culturally produced removals. Assessment: Culturally modified, 

but no further assessment of use can be made at this time. 

 
Possible Tools: Patterned, Less Invasive (>2 mm) Flaking 
 
The 20 artifacts in this group have flaking at least 2 mm back from the edge (the original 

criteria used to assess each instance of damage) that, although not invasive, is patterned, 

overlapping and either continuous or nearly so. Many are fragments of larger pieces 

(n=11; 55 percent) and seven were analyzed with the compound microscope, although 

results were equivocal (e.g. observable traces of use could be attributed to post-

depositional damage). Further analysis with the compound microscope may allow 

further assessment of whether some of these specimens are actually tools.  

AM196-F-1430. This is a medial section of what may be a cortical blade (Figure 17). 

The right lateral edge is bifacially damaged. For the most part, flaking along the length 

of this edge is represented by discontinuous step- and hinge-terminated removals except 

for the lower portion of the proximal end. Flake removals in this area are feather 

terminated on the most invasive row; removals are similar in length. Hinge- and step-

termination removals are present closer to the margin. Along the cortical edge, calcium 

carbonate hinders visibility, but in areas where it is not present, the edge is also 

discontinuously flaked. Microwear: Rounding was identified with the stereomicroscope 
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in one area, but with the compound microscope it was apparent that the rounding was 

actually a series of small, steep, step-terminated removals. With the compound 

microscope some texture change (Type A) was noted in the area with the greatest 

potential to be culturally modified. Post-depositional damage: Both the proximal and 

distal portions are truncated by thermal spalls; flaking along the right exterior edge was 

partially removed by a potlid. Bright spot are observable on the interior surface. 

Assessment

AM228-L2-1081. Discontinuous bifacial flaking is present on both lateral margins, 

although the noncortical edge has the most damage. Both lateral edges of this cortical 

flake exhibit discontinuous flaking on the exterior and interior surfaces, although 

removals are more concentrated on the exterior surface creating a “nibbled” appearance. 

At higher magnifications the edge is actually continuously damaged with predominately 

hinge and step removals (Figure 17). 

: Equivocal. If used, the most likely area would be the left lateral margin, but 

thermal alteration precludes definite determination. 

Microwear: Slight edge rounding was noted on the 

right exterior edge near the distal end with the stereomicroscope. The compound 

microscope revealed slight texture change (Type A) along the left interior edge and 

bright spots near the proximal end. Although linear indicators were present in the same 

area, they are multidirectional and located in flake scars as well as on the upper surfaces 

away from the edge. On the exterior surface, a similar weak polish was observed near 

the edge and within small multidirectional micro-flake removals. Post-depositional 

damage: Random cone-initiated removals are located on the exterior and interior 

surfaces. Assessment: Equivocal. Damage is discontinuous around the perimeter, linear 
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indicators are chaotic and unpatterned, and texture change is located within more recent 

flake removals. 

AM244-1007. The shape of the original flake and flake removals at the distal end has 

created a piece similar in form to an end scraper (Figure 17). Damage on the interior 

surface is minimal and discontinuous and consists mainly of feather terminations. A 

cone-initiated removal on the distal end truncates the left portion. Microwear: Slight 

edge rounding and crushing on the distal end were visible with the stereomicroscope. 

The same type of damage was noted on the interior surface near the proximal end and 

the lower left exterior margin. This piece was not examined with the compound 

microscope. Post-depositional damage: Exterior flaking on the distal end is truncated by 

removals with fresher surfaces, though they do not appear modern. White streaks 

(Keeley 1982:32) were noted on the interior surface oblique to the distal margin. They 

extend to the edge of the piece and have some striations (actual grooves) visible even at 

10X. Assessment

AM244-1071. This is the proximal portion of a noncortical flake. The right lateral 

edge is truncated by crescentic and impact fractures. The most invasive damage, located 

near the proximal end, consists of feather, hinge and step terminations with crushing and 

slight rounding evident as well. Along the same margin, damage on the distal half is 

similar, but not as invasive. (Figure 17). 

: Equivocal. Differential patination, post-depositional damage, and 

white streaks interfere with use determination. This piece does not have the patterned 

type of fracture present on other Clovis endscrapers analyzed from Area 8 (Wiederhold 

2004). 

Microwear: Edge rounding is slight and, in 
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some areas, higher magnifications demonstrated that the edge was actually crushed and 

step fractured. No compound microscope analysis was conducted. Post-depositional 

damage: Crescentic and cone-initiated fractures located on the right lateral edge have 

secondary scaling, which is present on the distal break surface as well. Assessment

AM244-B3-1183. This is the distal portion of a flake or blade-like flake with a notch-

like feature on the proximal portion (Figure 17). The notch was created in the same 

direction (towards exterior face) as the fracture that removed the proximal end of the 

flake and the entire break surface has secondary scaling. The notch feature has three 

rows of flaking; the most invasive is feather terminated and the lower are hinge and step 

terminations. The heaviest damage is on left side of notch. Minor isolated flake removals 

are present on the other edges of both interior and exterior faces. The distal end is 

crushed. 

: 

Equivocal.  

Microwear: No indicators were observed with the stereomicroscope and this 

piece was not analyzed with the compound microscope. Post-depositional damage: 

Random flake removals are located around the perimeter of this flake. Assessment

AM246-L-1210 and AM246-L-1288. Damage on this piece is complex; the original 

flake has been fractured into two separate flakes by a large cone-initiated impact with a 

pronounced bulb of force. The original flake has somewhat of a crested appearance. 

Removals on the original distal end are discontinuous, but grouped in a somewhat 

patterned fashion and consist of feather, step and hinge removals (Figure 18). 

: 

Equivocal. The notch-like feature resembles those created during trampling 

experimentation. 
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Microwear: No indicators were noted with the stereomicroscope. With the compound 

microscope, a thin band of polish was observed on the original distal edge; it is truncated 

by the break and picks up again on a portion of the larger piece. The fracture surfaces 

show scaling that originates bidirectionally from both exterior and interior surfaces and 

slight rounding is present in a few areas. Post-depositional damage: The large cone-

initiated fracture that broke the original piece into two portions occurred after the 

original flake was deposited into the archaeological record. Calcium carbonate formed 

between the two pieces; they were found adjacent and still touching during excavation. 

Paraloid B-72 is on the edge of the smaller fragment and recent flaking damage is 

present on the distal portion of the larger piece. Assessment

AM256-T-1241. Bifacial flaking on the left lateral edge is suggestive of use. It is 

comprised of continuous feather terminations on the most invasive row and hinge and 

step removals closer to the edge (Figure 18).  Flaking on the obverse interior surface is 

discontinuous and removals are mainly feather terminated. Damage on the distal end 

truncates flake removals, but it does extend onto the distal end. 

: Equivocal. 

Microwear: No rounding 

or linear indicators were observed with the stereo- or compound microscope. Slight 

texture change was noted with the compound microscope, but it is evenly distributed 

across all surfaces and is probably attributed to soil sheen. Post-depositional damage: 

Some differentially patinated surfaces along this edge were noted also. Crescentic 

fractures on distal and right lateral edge are probably related to trampling. Graphite and 

Paraloid B-72 prevented microscopic examination of portions of the interior surface. 
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Assessment

AM268-K-1182. This noncortical medial fragment is bifacially damaged on the right 

lateral margin; damage along this edge is nearly continuous on the exterior surface in the 

form of hinge and step fractures (Figure 17). A notch-like feature is present on the 

interior surface with flake removals confined to two rows. The upper row consists of 

feather-terminated removals and the lower row of step and hinge removals. 

: Equivocal. No indicators were visible with the compound microscope even 

though the flaking pattern is suggestive of use. 

Microwear: 

Edge rounding and crushing were noted with the stereomicroscope in the area of the 

notch-like feature. Also, there is slight texture change (Type A), but this is present on 

other unflaked surfaces as well. Post-depositional damage: The thicker left lateral edge 

has feather, step and hinge removals that originate from both the exterior and interior 

surfaces towards each other. Assessment

AM274-M-1253. This is a cortical medial fragment with scaling along the proximal 

and distal break surfaces (Figure 18). Flake removals on the left exterior edge are 

feather, hinge and step terminated. Flaking on the interior surface is concentrated on the 

left lateral edge and is composed of steep feather terminations on the most invasive row 

and discontinuous feather, hinge and step terminations on the lower. The lower rows are 

concentrated toward the distal portion of the piece. 

: Equivocal. This may be a small fragment of a 

larger tool, but notch-like features, especially near a break, hold potential for 

misidentification. 

Microwear: Slight edge rounding 

noted in one location was observed with the stereomicroscope. No compound analysis 

was conducted. Post-depositional damage: The distal break truncates damage along the 
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left lateral edge. Secondary scaling was noted on both the distal and proximal break 

surfaces. Assessment

AM277-X-874. This is a noncortical flake with damage concentrated on the exterior 

surface of the left lateral and distal margins (Figure 18). Flaking on the lower portion of 

the left lateral edge is more patterned than the distal end and composed of predominately 

feather terminations. Flaking on the distal end is similar, but some removals are more 

invasive, creating a jagged appearance. 

: Equivocal. 

Microwear: Slight edge rounding was noted with 

the stereomicroscope in isolated areas. Minor damage is present on the interior surface 

of the right lateral edge. Post-depositional damage: Crescentic fractures are located at 

random locations around the perimeter of this flake. Assessment

AM277-K2-1110. This is a proximal fragment of a noncortical flake. Damage is 

concentrated on the right lateral edge, with continuous microflaking on the opposite 

lateral margin truncated by a pot lid. This thermal indicator also has scaling within it 

(Figure 18). Removals on the distal end create a jagged edge. Flake removals on the 

right lateral edge are continuous, but variable in size and shape; most are feather 

terminated, but hinge and step fractures are present also. 

: Equivocal. The 

damage observed on this piece could be due to taphonomic factors such as trampling. 

Microwear: Some edge and 

arris rounding was noted with the stereomicroscope. Post-depositional damage:  The 

right lateral edge is truncated by a 90-degree break followed by a step fracture on the 

interior surface. Assessment

AM292-A-939. Damage on this large cortical overshot is concentrated in two areas 

on the interior surface and a projection at the extreme distal end. Interior damage on the 

: Equivocal. 

197



lateral edges is located directly opposite each other (Figure 17). Damage at these 

locations is composed of hinge and step terminations of variable size and invasiveness. 

The extreme distal end or ‘tip’ of the overshot has flaking suggestive of use as a drill or 

boring tool. Flaking on the surface at this location is mainly unidirectional. Microwear: 

No indicators were observed with the stereomicroscope and no compound analysis was 

conducted. Post-depositional damage: Edges and surfaces are predominately free of 

damage with the exception of random removals. Assessment

AM314-V3-1164. This noncortical flake has a notch-like feature on the interior 

surface composed of feather terminations on the upper row and feather, hinge and step 

terminations on rows closer to the edge (Figure 18). Damage on the exterior surface on 

the opposite lateral margin near the distal end is comprised of feather, hinge and step 

removals. 

: Equivocal. It may have 

been used as a boring implement and potentially hafted although without use of the 

compound microscope the evidence is inconclusive. 

Microwear: No indicators were visible with the stereomicroscope and this 

piece was not analyzed with the compound microscope. Post-depositional damage: 

Discontinuous microflaking is randomly located around the perimeter of this flake. 

Assessment

AM319-L4-136. The notch-like feature is 14.7 mm wide and 5.9 mm deep and 

composed of feather terminations on the uppermost row and feather, step and hinge 

removals on the lower rows (Figure 19). Discontinuous microflaking is present on the 

interior surface and is concentrated on the left lateral margin near the proximal end. 

: Equivocal. 

Microwear: There is slight rounding of the left portion of the distal edge outside of the 
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overshot remnant. Post-depositional damage: A few recent flake removals were noted on 

distal end, but within the bifacial edge of the overshot. A large l-shaped fracture 

truncates the distal end of the overshot and cracks radiate outward from the point of 

contact. A smaller l-shaped break is located further below on the exterior face; it has 

cracks radiating out from it as well. A crescentic fracture truncates a portion of distal end 

and a parallel fracture is present on the left lateral edge near the proximal end. There are 

random crushed areas around the perimeter and bright spots on the interior and exterior 

surfaces in random locations. Assessment

AM332-F2-1197. Near the proximal end of this cortical flake there is a notch-like 

feature consisting of shallow feather and step terminations on the upper row and feather, 

step and hinge removals on the lower rows (Figure 18). Minor scaling is present on the 

exterior and interior surfaces where visible. 

: Equivocal. The notch-like feature is not well-

developed and could be attributed to damage caused by trampling. 

Microwear: Only minor rounding was 

observed with the stereomicroscope; no compound analysis was conducted. Post-

depositional damage: This cortical flake is heavily encrusted with calcium carbonate on 

the cortical margins. Assessment

AM353-U-711. Distal flaking on this piece created the appearance of an endscraper 

(Figure 18). On the exterior surface, the left portion of the distal end was removed with a 

bending fracture. Flaking on the right side occurred after the bend removal and extends 

onto that surface. The proximal end is missing. 

: Equivocal. The notch-like feature could have been 

created by trampling. The single flake removal on the exterior surface removed cortical 

material in the area of the notch; the exposed chert surface is more likely to fracture. 

Microwear: While no indicators were 
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observed with the stereomicroscope, slight arris rounding was noted with the compound 

microscope in the center of the distal end. Some texture change (Type A) in located this 

area as well, but it is in the same area as a cone-initiated removal. Post-depositional 

damage: Micro-impact removals are located at random locations along lateral edges. 

Assessment

AM383-F-1192. This is the medial portion of a cortical flake (Figure 18). Flaking 

along the remaining edge is predominately feather terminated with discontinuous step 

removals closer to the edge. 

: Equivocal. This piece is very thin to have been used as a scraper and it does 

not follow the pattern of other endscrapers analyzed from Area 8. 

Microwear: No indicators were observed with the 

stereomicroscope and this was not analyzed with compound microscope. Post-

depositional damage: Only a portion of the right lateral margin remains; the rest of the 

edges were removed with 90-degree fractures. This piece may have been thermally 

altered, but exact determination is not possible. Assessment

AM392-U2-1134. The main concentration of steep flake removals are on distal end 

of this hinge-terminated flake (Figure 19), which consists of continuous feather-

terminated removals on the upper row and discontinuous step terminations on lower. 

Flaking does not extend all the way across the distal end and a portion of the original 

flake’s hinge termination still remains. The platform was crushed when the flake was 

originally removed. A few feather and step removals are present on the interior surface 

near the proximal end. 

: Equivocal. 

Microwear: Type A polish is present on the exterior surface in the 

area of flaking, but none was observed on the interior surface in same area. Post-
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depositional damage: The same type of diffuse polish was observed on other edges as 

well. Assessment

AM397-G-1193. A small area of continuous damage was noted on the right interior 

edge of this large proximal flake fragment (Figure 19). Feather terminated removals 

predominate on the upper tier, discontinuous feather and step removals on the middle 

row, and the lowest row is stepped and crushed with slight rounding in the center of the 

flaked area. Some scaling is present on the opposite interior surface. 

: Equivocal. 

Microwear: Slight 

edge rounding was noted with the stereomicroscope. This piece was not analyzed with 

the compound microscope. Post-depositional damage: Crescentic and V-shape removals 

are present on the exterior side of the same edge; the v-shaped removal located near the 

proximal end is only moderately developed. The distal and right lateral edges are broken 

at 90-degree angles and represent four separate fractures. Minor scaling is evident on 

these break surfaces. Assessment

AM397-P-1195. The area of potential modification is located on the left lateral edge 

in the form of a notch-like feature (Figure 19). This notched area is not well developed 

compared to notched pieces discussed above as tools. Only two rows of flaking were 

noted. The most invasive is a single feather terminated removal; the row closer to the 

edge is stepped and these step removals are concentrated toward the center of the notch. 

On the interior surface, there are several cracks near the area of impact. This piece has 

discontinuous microflaking present on other margins and on both the exterior and 

interior surfaces, including cortical areas. 

: Equivocal. 

Microwear: Very ephemeral polish (Type A) 

and multidirectional linear indicators were located within the notched area and on the 
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adjacent interior surface. Minimal rounding of the edge and arrises was noted in other 

locations not related to the notch-like feature. Post-depositional damage: Microflaking 

around the perimeter is oriented in variable directions, lengths, and widths. Several 

bright spots were noted on the exterior surface that relate to labeling. Assessment

 

: 

Equivocal. The cracks near the center of the notch imply percussion, but it is unclear 

what acted as the percussor. Trampling could have caused this type of damage. 

 
Discussion 

 
The focus of this study was to identify and define the character of the Clovis edge-

modified assemblage within Excavation Area 8 using macroscopic and microscopic 

analyses. Morphologically, there are pieces within the edge-modified assemblage 

typically referred to as side scrapers, spokeshaves, knives, or gravers. They are 

represented by straight, concave, convex, denticulated and complex edge profiles and 

may have been intended for tasks such as cutting, scraping, etching, and boring. Some 

may have been created by taphonomic processes; surfaces were extensively modified by 

chemical and mechanical agents. Only 26 specimens are inferred to be tools based 

mostly on the presence of invasive, patterned flaking. Of these, inferences related to how 

the tool was used and on what type of material could only be confidently made in nine 

instances (Figure 20). 

A total of nine pieces in the edge-modified assemblage produced reliable indicators 

suggestive of kinematic motion. Of the nine pieces, five were probably used on hard or 

medium hard materials in a transverse or scraping motion, three were cutting tools, and 
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one was probably hafted and used as a projectile. Very little can be inferred about tools 

used to work soft materials, such as meat or hide; the amount of flaking damage, if any, 

produced by these worked materials would be minimal. Polish produced from tool use 

was not present in significant quantities; it did serve to reinforce interpretations of 

whether or not a flake was actually a tool. It was not simply an issue of determining 

worked material; ascertaining which pieces were actually tools was difficult as well. 

Stone is limited by its fracture properties; it logically follows that different processes—

whether cultural or natural—will produce overlapping results with one or more elements 

in common. Ultimately, invasive to moderately invasive flaking patterns contributed the 

most to inferences of tool use, but only in conjunction with microscopic indicators and 

elimination of ‘background noises’ such as trampling. 

The answer to the question posed at the beginning of this chapter, “When does one 

utilize a flake?” would appear to be “not much.” Failure to identify tools and microwear 

may be attributed to post-depositional processes that either removed existing use traces 

or created pseudo-use. It is also related to the nature of the primary activity conducted 

within Excavation Area 8—reduction of lithic raw material. Few utilized tools would be 

expected in an area dedicated almost exclusively to blade and projectile point 

manufacture. 

It was evident early in the investigation that identification of taphonomic 

processes—environmental and cultural, ancient and modern—affecting the assemblage 

was equally as important as identifying tools. Trampling experimentation conducted for 

this analysis demonstrated that processes not related to tool use can produce 
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Figure 20. Tools with possible evidence of kinematic motion: a) AM4-1091; b) AM239-
B-1573; c) AM353-S-1202; d) AM319-U1-1145 ; e) AM347-L108-1126; f) AM303-E-
1108 ; g) AM291-N2-1204 ; h) AM423-I2-1158; and i) AM319-S-1138-L100
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patterned flaking; therefore, in the early stages of the microwear study flaking was not 

emphasized and the focus was on indicators generally associated with use such as edge 

and arris rounding, polish, and linear indicators or striations. Ultimately, these failed to 

satisfactorily distinguish tools from debitage and flaking patterns provided the best 

indication of whether or not a specimen was actually a tool. 

Many use indicators are so ephemerally present that determination of their origin is 

not possible. Use could not be determined based on the presence of polish alone; artifact 

surfaces were significantly modified, but the origin of that modification is debatable. 

Culturally produced use alteration of artifact surfaces was minimal and polish could 

have resulted from non-use factors (e.g. soil sheen). The presence of linear indicators or 

striations was sometimes ambiguous as well and also could be attributed to post-

depositional damage. While multidirectional striations may infer use of a tool for 

multiple activities employing different kinematic motions, they might also be evidence 

for chaotic taphonomic processes. Similarly, patterned flaking observed on the edges of 

some specimens may not be attributed to intentional or use retouch, but to post-

depositional damage. Twenty-six edge-modified artifacts are considered tools made and 

used by Clovis inhabitants at the Gault site; however, with few exceptions, there is no 

reliable evidence to infer use based on the criteria of rounding, polish or linear 

indicators.  

This study raises several important questions, the first of which concerns the 

analyst’s ability to recognize characteristics associated with use on ephemerally used 

flakes. Other analysts conducting microwear analysis of artifacts from Excavation Area 
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8 recognized the limitations associated with stereomicroscopic examination (Minchak 

2007:50-51) and it has been acknowledged by other microwear experts as well (e.g. 

Keeley 1980:12). Specifically, there is a deterioration of viewing capability beyond 50X 

magnification and loss of depth of field. Although my analysis using the 

stereomicroscope yielded results similar to Minchak’s—that is, lack of observable polish 

and striations—I was able to identify these on my experimental replicates used for long 

enough periods to produce use traces, the key phrase being “used for long enough.” This 

is true for the compound microscope as well. Also, I was able to locate indicators on 

archaeological specimens that have pronounced evidence of modification and use (e.g. 

AM239-B-1573). Finally, I recognized polish, rounding and striations with the 

compound microscope though few traces were observable at this level of magnification, 

and they were not always attributable to cultural use. 

Proceeding from this conclusion, why were so few traces of use either identified or 

clearly ascribable to human agency? Several possibilities exist. First, the nature of the 

assemblage is ephemeral; microwear analysis of edge-modified tools is difficult because 

these pieces often are not used long enough for wear to accrue. When necessary, flakes 

were retouched to shape the edge, minimally used, and discarded. This is expected at a 

quarry locale where tool stone is abundantly available. Alternatively, some of these 

artifacts could represent tool blanks or preforms (Kay 1998:786-789) that were roughed 

out, but never finished or used. Large flakes, often blade-like, are used in the 

manufacture of Clovis bifaces (Collins 1990:73; Dickens 2005:31, 247).  
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Also problematic is the issue of worked material. Soft contact materials, such as 

flesh and wet hide, do not produce obvious traces of wear (Keeley 1980; Vaughan 1985; 

Grace 1989). One experimental study, which combined trampling and microwear, 

demonstrated that 56 percent of the microwear identification errors resulted from the 

misinterpretation of edges used on soft materials for harder worked materials (Shea and 

Klenck 1993:190-191). This same analysis also established that kinematic motions could 

be incorrectly or erroneously inferred for unutilized, but trampled, flakes. 

Equally confounding is tool use on hard materials where an edge is reduced before 

traces have time to develop or existing traces of wear are removed during use or 

resharpening. To investigate this issue, I examined small retouch flakes produced during 

experimental work removing the bark of a branch of green oak. Flakes that spalled off 

during use were collected and examined with the compound microscope. Very few had 

any discernable indicators. I also analyzed a large unifacial resharpening flake (AM226-

H-1292) from the Clovis component in Excavation Area 8 to determine if the last traces 

of use were intact on the worked edge. This flake is possibly associated with notch 

rejuvenation and, macroscopically, the flaking pattern is similar to other culturally 

notched pieces from the Clovis levels (Figure 21). No use indicators were observed. 

Scaling and other minor damage was present on the interior flake surface. Like most of 

the lithic assemblage, this flake is patinated, has the characteristic ocherous staining, and 

calcium carbonate adheres to the surface as well. These may have contributed to the 

removal of use indicators, if they were present. 
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Figure 21. Unifacial resharpening flake, (AM226-H-1292) possibly associated with notch 
rejuvenation. Flake illustration by Josh Keene.
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It seems probable that taphonomic processes are responsible for the macroscopic 

damage and the lack of microscopic use traces in the edge-modified sample. The effects 

of mechanical agents, in particular trampling, was evident in the form of l-shaped and v-

shaped removals that resemble notches; bright spots, multidirectional striations, or 

crushed and abraded edges also relate to mechanical damage. Differentially patinated 

flake surfaces supports this conclusion. Differential patination of flake scars on materials 

from Excavation Area 8 suggests that debitage was moved and damaged post-

depositionally, though other studies have concluded that differential patination was 

attributed to re-use or recycling of flakes (Bamforth and Becker 2006). Trampling 

provides the most logical explanation for damage and patterns of observed damage. 

Tringham et al. (1974:192) discuss three criteria for distinguishing the presence of 

retouch from damage produced by trampling: randomly distributed flake scars; flake 

scars confined to one surface; and elongated flake scars oriented in multiple directions. 

 Both the archaeological and experimental portions of the current study are in 

agreement with the first criterion. However, trampling damage was not necessarily 

confined to a single surface, flake removals were rarely elongated, and flake scars could 

be oriented either uni- or multi-directionally. The first two deviations relate to horizontal 

movement of artifacts during trampling; trampled flakes are scattered or flipped onto the 

opposite face. I observed the same phenomenon during trampling experimentation and 

this type of horizontal displacement was documented in other trampling experiments 

(Pryor 1988; Villa and Courtin 1983:277-278), particularly those conducted on hard 

substrates (McBrearty et al. 1998:122; Nielsen 1991:500). On debitage from Excavation 
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Area 8, flake removals were generally conchoidal in shape and represented by short, 

broad removals with the negative bulb of force clearly visible. Most of the time, these 

cone-initiated removals were not as invasive as intentional retouch and their location 

was unpatterned. This differentiation concerning flake shape may be due to critical 

differences in variables such as raw material type and substrate. 

Mallouf operationalized terminology for plow damage as observed on the Brookeen 

Creek Cache, Texas. This is a possible Clovis blade cache; 82 percent of the specimens 

were manufactured from Edwards chert (Mallouf 1981:5). Not surprisingly, several 

types of mechanical damage created on the blades when impacted by a plowing 

implement are very similar to those noted in Excavation Area 8 attributed to trampling. 

V-shaped, l-shaped and crescentic fractures seem to be particularly associated with a 

primary knapping context where dense deposits of lithic debris produce “flake-on-flake” 

conditions. These fracture types were observed in both the experimental trampled data 

set and the Excavation Area 8 debitage and edge-modified assemblages. These breaks 

were caused by flakes acting as percussors on other flakes or by other ambulatory 

factors. Thin, sharp edges would produce the small randomly distributed impact 

fractures seen on many flakes.  

Although the archaeological materials within Excavation Area 8 were subjected to 

relatively low-energy environmental factors, the Unit 2 gravels at the base of Unit 3a and 

the colluvium deposited between Unit 3a and 3b probably contributed to post-

depositional damage. Determining what exactly acted as the percussor in these situations 

is challenging; it could be an object underneath the flake (e.g. the uneven surface of the 
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ground, gravels, or another flake) or an object above (e.g. colluvium, another flake, or a 

foot, paw or hoof). Fractured surfaces on many flakes and edge-modified tools were 

often bidirectional, indicating that two breaks occurred with stress from different 

directions, if not at different times.  

Flake edges raking against each other produced a type of ‘trampling retouch’ similar 

to Mallouf’s (1981) plow retouch. If these breaks occurred during Clovis times and were 

subsequently patinated, they would resemble tools. Lack of striations or polish would 

not be cause to discount these pieces because use indicators are not necessarily expected 

in an ‘expedient’ assemblage. Bamforth (2003:212, 2008) argues it is difficult for 

archaeologists to distinguish between cultural and natural factors that alter artifacts and 

points to the need for critical examination of how natural taphonomic processes affect 

the formation of lithic assemblages. While I have attempted to address this issue, the 

results of my study suggest further investigation is needed.  

While taphonomically related flake removals were usually recognizable, there are 

examples where the combination of chemical and mechanical agents produced equivocal 

specimens. Of the 3375 pieces of debitage originally analyzed, 20 (0.6 percent) fall 

within this group. Twenty-six items were classified as tools based mainly on invasive 

patterned flaking with less reliance on microscopic use indicators. Inference of use was 

assigned to nine of these tools. This constitutes 0.27 percent of the total debitage 

assemblage. 

It is difficult to directly compare the results of the current study to those from other 

Clovis sites because few formal microwear studies have been completed for Clovis 
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edge-modified assemblages; artifacts from the Gault site represent the largest collection 

of Clovis materials microscopically analyzed to date. Study of the blades (Minchak 

2007), bifaces (Smallwood 2006), and endscrapers (Wiederhold 2004) from Excavation 

Area 8 are complete. Final results of analyses conducted by TARL have not been 

published at this time, although a wide variety of functions have been inferred for flakes 

and blades (Collins 2007). 

To date, Shoberg (2007) has identified 183 blades (out of 350; 52.3 percent) at the 

Gault site used for a variety of activities. Of these, 5.5 percent have evidence of heavy 

use, 24 percent with moderate use, and 70 percent with light use. Shoberg’s analyses 

demonstrate various activities occurred in adjacent areas of the site; however, 

Excavation Area 8 seems to represent tool manufacture. Both studies confirm that Gault 

is a multifunctional campsite, utilized by Clovis inhabitants for the procurement of lithic 

toolstone, the production and maintenance of tools, and the day-to-day activities needed 

to sustain either a person or persons while living at the site. 
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CHAPTER IV 

OBSERVATIONS ON THE DEBITAGE AND EDGE-MODIFIED 

ASSEMBLAGES FROM EXCAVATION AREA 8 

 
This dissertation focused on two portions of the Clovis lithic assemblage recovered from 

Excavation Area 8 at the Gault site, Texas. First, 3375 complete flakes were analyzed 

individually to characterize Clovis debitage as represented in this portion of the site. 

Second, during debitage analysis pieces were selected in an attempt to identify edge-

modified tools. Microwear analysis was employed to make determinations concerning 

the cultural modification or use of these flakes and flake fragments. Both data sets, 

combined with the results of other analyses, demonstrate that during Clovis times 

Excavation Area 8 served as a locale dedicated primarily to the manufacture of blades 

and projectile points. In conjunction, the recovered lithic assemblage provides 

information on the Clovis toolkit from the perspective of a workshop situated at a 

quarry—the starting point in the reduction trajectory. 

 

 
Objective 1: What Is the Nature of Clovis Debitage at Excavation Area 8? 

 
Clovis blade manufacture and biface reduction both took place during the time Units 3a 

and 3b were deposited. Numerous blades and blade byproducts—such as blade cores 

(n=31), blades and blade fragments (n=498), and other debitage related to blade 

production, such as core tablet and sequent flakes (n=94)—were recovered from these 

two units.  Evidence of biface reduction included bifaces rejected during manufacture 
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(n=52), as well as biface thinning, endthinning and overshot flakes (n=604). The two 

reductive trajectories may at times share a common point—the origin—where large 

cortical blades and blade-like flakes were produced during initial reduction of 

rectangular to subrectangular pieces of Edwards chert. As suggested in Chapter II, the 

two Clovis components are quite similar in reference to reductive strategies, use of raw 

material, and flake-removal preparation techniques. Therefore, the debitage assemblages 

from units 3a and 3b are combined to characterize Clovis debitage from this portion of 

the Gault site. Generally, platform thickness and width decrease for complete noncortical 

blades, biface thinning flakes, and regular flakes recovered from the Clovis strata. 

Conversely, platform abrasion and isolation increase for noncortical items in these 

groups. The percentages of lipped platforms and diffuse bulbs of force increase as well. 

Exterior flake scar patterns vary between types of debitage, as discussed below. 

Cortical blades and blade-like flakes are often large with platforms that are wider and 

thicker than their noncortical counterparts. Platform isolation is present on both cortical 

and noncortical blades, but is used less frequently than platform abrasion. Abrasion is 

used more frequently to remove noncortical blades. Lipped platforms and diffuse bulbs 

of force increase among noncortical blades. Exterior flake scar patterns are mainly 

unidirectional and bidirectional following the long axis of the blade, although blade-like 

flakes tend to have radial to subradial configurations. 

Cortical flakes clearly associated with biface thinning are characteristically large 

with a slightly higher percentage of multifaceted platforms than other flake types. 

Cortical platforms are wide and thick, with a mean thickness of 4.76 mm, though on 
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average they are not as thick as cortical blades. Platform abrasion is often used, but 

isolation less frequently at this point in the reduction sequence. Unlipped platforms are 

prevalent, but pronounced and diffuse bulbs of force are almost equally represented. 

Exterior flake scar patterns are predominately unidirectional and bidirectional during 

initial or primary reduction with flake scars originating from both the proximal or distal 

ends of the flake or from the lateral margins.  

Noncortical biface thinning flakes show a marked decrease in platform thickness, 

with a mean of 2.83 mm. The percentage of single faceted platforms decreases, with a 

corresponding increase in multifaceted and crushed platforms. Abrasion and isolation are 

more prevalent than cortical biface thinning flakes, as are lipped platforms and diffuse 

bulbs of force. Exterior flake scar patterns are mainly radial or subradial.  

Cortical flakes in the normal category often have cortical and single faceted 

platforms with thicknesses comparable to cortical blades. Platform abrasion and isolation 

are represented minimally, as are lipped platforms and diffuse bulbs of force. 

Noncortical normal platforms are most often multifaceted and there is a slightly higher 

mean platform thickness than cortical normal flakes. Abrasion and isolation are present 

more often with noncortical normal flakes, but the percentages of lipped platforms and 

diffuse bulbs are nearly identical to the percentages of cortical normal flakes. Exterior 

flake scar patterns are predominately radial or subradial. 
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Objective 2: Is Clovis Debitage Technologically Distinctive? 

Technologically, the main difference observed post-Clovis is the absence of blade 

production. Blade production ceases and biface manufacture becomes the main 

technological focus represented at Excavation Area 8. A few blades were recovered from 

the post-Clovis Paleoindian component, but they are similar in all respects to true Clovis 

blades. A portion of the surface remained exposed post-Clovis and later inhabitants at 

the site may have curated these blades. 

Size-wise, in reference to portions of the assemblage not related to blade production, 

the Clovis debitage does not differ significantly from the post-Clovis Paleoindian 

debitage, nor does the post-Clovis Paleoindian debitage differ from the Early Archaic 

debitage. The sizes represented by debitage from the Early Archaic are significantly 

different than debitage from the Clovis levels, indicating at least a moderate decrease in 

size through time. This is based on size-sorted debitage grossly divided into two groups: 

>2.54 cm and > 3.81 cm. Mean flakes weights also gradually decline from Clovis to the 

Early Archaic. Metric data including measurements of length, width, and thickness 

would provide a better definition of “large flakes.” 

A reduction in flake size could reflect a decrease in raw material availability or 

quality. However, even lower quality Edwards chert seems more suited to production of 

larger artifacts in the Clovis toolkit, such as blades and bifaces, than materials available 

to the east that are limited by package size (e.g. Uvalde or Citronelle gravels) or raw 

material qualities that affect the knappability of some toolstone  (e.g. quartzite and 

petrified wood).  
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Though material quality is considered poor at the Pavo Real site, Texas (Collins 

2003), Clovis blades and bifaces were manufactured at this quarry-camp site. Nine 

bifaces, 14 conical and wedge-shaped blade cores, and 149 blades and blade-like flakes 

were recovered. In comparison, 52 bifaces, 31 conical and wedge-shaped blade cores, 

and 498 blades were recovered from Excavation Area 8. Evidence of overshot flaking 

and other debitage characteristic of Clovis biface technology is minimally represented at 

the Pavo Real site and Collins (2003:186) suggests that biface manufacture at the site 

was limited by raw material quality. Less focus on biface production in relation to raw 

material quality may suggest that in an area where raw material is unsuitable for biface 

production, blade manufacture served as an alternate technology, though it cannot be 

said blade technology was preferred. Interestingly, 28 core-tablet flakes were identified 

from the Pavo Real site; this is only slightly fewer than the 32 core tablet flakes 

recovered from Excavation Area 8, demonstrating the effort expended to maintain blade 

cores of the lower quality Pavo Real Variety of Edwards Chert.  

Tabular and nodular pieces of Edwards chert are still abundantly available on the 

slopes adjacent to Buttermilk Creek. Given the expectation of Clovis mobility, it seems 

likely that there was good toolstone within a typical annual range. A more likely 

explanation for a decrease in debitage size lies in subsistence-related technological 

adaptation, perhaps related to the extinction of Pleistocene megafauna, which may have 

caused changes in projectile point form (Anderson 2004:126), hafting technique (Kelly 

1982; Morse et al. 1996:331), foreshaft variation (Judge 1973:266), or use other than a 

projectile (Jennings 2008). 
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Platform faceting, abrasion and isolation were important techniques used during 

blade and biface manufacture, particularly in the Clovis era. Overall, as reduction 

progresses and cortical material is removed, there is an increase in multifaceted 

platforms, the use of abrasion and isolation, and the presence of lipped platforms and 

diffuse bulbs of force accompanied by a decrease in platform width and thickness among 

noncortical flakes. The relationship between platform abrasion and isolation is strongly 

correlated through time and is particularly relevant to biface manufacture. While the 

Clovis debitage did not differ in reference to techniques used to ensure successful flake 

removals—platform isolation and abrasion were noted in all components—the use of 

isolation decreases significantly in later components. Abrasion is still used to prepare 

platforms, but the percentage of abraded platforms decreases slightly from Clovis to the 

Early Archaic and there is no statistical difference.   

These results are based on presence/absence data. The degree of abrasion and 

isolation was not quantified for this study, though both were observed in various 

intensities. For example, platform abrasion varied from minimal amounts located only at 

the juncture of the platform and the exterior flake surface to intensely abraded examples 

where the entire platform was ground from the exterior to interior flake surfaces nearly 

eradicating all platform facets.  

No quantifiable data are available currently from other sites for comparison, but it 

would be interesting to see if the presence of either technique varied by site type. 

Perhaps at a quarry or workshop, where toolstone is plentiful and raw material quality is 

good, these techniques are used less. Where lithic material is scarce or quality is low—
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and if both techniques are used to ensure detachment of a flake—then it seems logical to 

expect both techniques to be used more at sites with raw material constraints or at sites 

that are further away from raw material sources. 

The Clovis debitage from Excavation Area 8 was different in several respects when 

compared to debitage from the post-Clovis Paleoindian and Early Archaic components, 

though many of the differences are most obvious between the Clovis and Early Archaic 

levels, suggesting gradual change through time. A question posed at the beginning of 

this dissertation was: Is Clovis debitage distinctive enough to distinguish in a culturally 

mixed assemblage or from other technologies closer in time to the Clovis era? Based on 

this study, the answer is “no.” Without the presence of a diagnostic Clovis fluted point 

and a stratigraphically secure context, there would be no way to absolutely determine if 

the debitage was Clovis. If, however, characteristic types of flakes—like blades, core 

tablet, or overshot flakes—were present at a site, preferably in conjunction, then it might 

be argued that other debitage is Clovis-related.  

Certain types of debitage may be associated with specific technologies—for instance, 

core tablet flakes typically are produced during blade production. As stated above, 32 

core tablet flakes were recovered from Excavation Area 8. The refit analysis of materials 

from the Pavo Real site demonstrate that core tablet flakes are absolutely a part of blade 

production (Collins 2003) and they are typically associated with blade technology in 

other time periods and parts of the world. 

Similarly, it has been suggested elsewhere (Bradley 1991; Collins 2003; Dickens 

2005) that overshot flakes are associated with Clovis biface reduction and it would seem 
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that this is true based on data from Excavation Area 8. Only 1 (2.27 percent) complete 

overshot was recovered from the post-Clovis Paleoindian component and 13 (11.02 

percent) complete overshot flakes were recovered from the Archaic component. In 

contrast, 177 (29.30 percent) complete overshot flakes were collected from the two 

Clovis strata, as were bifaces with overshot flake scars and even a refit consisting of two 

overshot flakes. It seems reasonable to suggest that the few overshot flakes from the later 

time periods were fortuitously detached during biface reduction and the removal of 

overshot flakes during Clovis biface reduction is more than just happenstance.   

However, less distinguishable types of biface thinning flakes are produced through 

time. If a site has no Clovis projectile point, but it has blades, can the biface reduction 

debitage be assumed to be Clovis as well? What items besides a Clovis projectile point 

have to be at an archaeological site to confidently assume it is a Clovis site? 

At Pavo Real, the assemblage was mixed between Clovis and Folsom (Collins 2003). 

Two Clovis points were recovered. The blades were attributed to Clovis as were nine 

bifaces based on form (lanceolate, biconvex cross sections) and flaking patterns (flake 

scars that extend past the biface midline, some of which are overshot flake scars). 

Assuming the bifaces are Clovis, manufacturing rejects and discarded projectile points 

attest to projectile point production, as do biface thinning flakes, but much of the 

debitage from Pavo Real could not be assigned to either the Clovis or Folsom 

component. Only the diagnostic overshot flakes were assigned to Clovis. Raw material 

quality limited biface reduction (Collins 2003), but was the underrepresentation of 
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distinctive Clovis manufacturing debris due to raw material constraints or was it 

undistinguishable from the Folsom debitage? 

At sites like Murray Springs and Blackwater Draw—contextually secure locales with 

Clovis projectile points and evidence of biface reduction—biface thinning flakes are 

thin, longitudinally curved, with expanding lateral margins; platforms are faceted and 

abraded with pronounced lipping (Huckell 2007:189). Exterior flake scars are parallel or 

more often converging (Boldurian and Cotter 1999). Blades and blade-like flakes were 

recovered from both sites, as were biface thinning flakes, though most debitage was less 

than 2.54 cm in size. Overshot flakes were recovered from Murray Springs. 

At sites like Aubrey, Texas, and Shawnee-Minisink, Pennsylvania, most of the 

debitage is related to tool resharpening or tool production (Ferring 2001; McNett 1985); 

biface reduction is not the primary focus at these sites. A single Clovis projectile point 

was present at each site. No bifaces were recovered from the Aubrey site and biface 

thinning flakes comprised only 4.3 percent of the debitage, but a single overshot flake 

was recovered. Bladelets, tools made on blades or blade-like flakes and one core tablet 

flake also were recovered. At the Shawnee Minisink site, biface reduction is somewhat 

better represented, but the bifaces are small and no overshot flakes were recovered, nor 

were overshot flake removals noted on bifaces.   

The Thunderbird site, Virginia, is a reported Clovis site with a single projectile point, 

which may, in fact, not be a Clovis point. Blade technology is not represented at the site 

despite the fact that abundant, good quality material is present at the quarry directly 
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across the Shenandoah River. Though biface reduction is clearly the focus at this site, 

overshot flakes are not mentioned or reported (Verrey 1986). 

Finally, the Sheaman site, in eastern Wyoming, provides an interesting case in point. 

Originally reported as a single-component site (Frison 1982:147), the debitage from the 

site has long been characterized as Clovis (Bradley 1982). Assessment of the only 

recovered projectile point is less definite. Morphologically, it resembles a Clovis 

projectile. Technologically, it retains characteristics of Clovis and Goshen point 

manufacture, though the fluting has been characterized as basal thinning and the margins 

are pressure flaked (Frison et al. 1996:208). If it is problematic distinguishing between 

projectile points that are morphologically and technologically similar, it is probably 

equally difficult to separate the debitage produced during the manufacture of either type. 

Would that debitage be distinctive enough to allow assignment to either cultural 

complex?  

To further complicate the matter, new dates acquired on XAD-purified collagen from 

the antler or cervid bone foreshaft recovered from the Clovis horizon at the Sheaman site 

yielded an average date of 10,305+15 14C yr B.P. (Waters and Stafford 2007); this is too 

late to be Clovis. Waters and Stafford (2007 Supplemental Material:6-7) suggest the site 

may either be strictly Goshen or represent a mixed assemblage with both Clovis and 

Goshen artifacts. It also has been suggested the site might be intermediate between 

Clovis and Goshen (Frison et al. 1996:208).  

Whether Goshen developed out of the Clovis tradition or the two are 

contemporaneous, it is important to understand technological similarities or differences 
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between the lithic assemblages. For example, besides overshot flakes, other types of 

debitage from the site closely resemble debitage recovered from Excavation Area 8. 

These flakes are described as Clovis blades (Frison 1991:42, Figure 2.7, d and e), but the 

exterior flaking pattern on these blade-like flakes suggests they are related to 

endthinning. Previous flake removals on one side of the exterior surfaces are long, 

unidirectional, parallel with the long axis of the flake, and blade or blade-like in 

appearance. Multiple detachments on the other side are clearly oriented perpendicular to 

the long axis. 

   

Objective 3: Description of the Edge-Modified Assemblage 
 
Of the 3375 pieces of debitage originally analyzed, 26 specimens were classified as tools 

based mainly on invasive, patterned flaking with less reliance on microscopic use 

indicators. All 26 were analyzed with the stereomicroscope and 11 were analyzed with 

the compound microscope. Of these, inference of use was assigned to nine tools.  

Analysis of the edge-modified assemblage from Excavation Area 8 proved to be 

quite challenging. Absolute determination of cultural modification and use was difficult 

due to several factors. Tools that are ephemerally used retain few use indicators (Young 

and Bamforth 1990). Tools used on softer worked materials may not produce wear 

indicators even when extensively used, a conclusion reached through experiments 

conducted for the microwear study related to the Excavation Area 8 blade assemblage 

(Minchak 2007). Minchak used a blade 1000 strokes to cut grass and only an ephemeral 

Type A+ polish was produced.  
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The current microwear analysis mainly identified tools used on harder worked 

materials, such as wood or bone, though this does not mean softer materials were not 

worked at Excavation Area 8. Tools used on softer materials would be underrepresented 

because they leave less evidence on tool edges and taphonomic process may have 

eradicated more ephemeral microwear indicators if they were present. 

Post-depositional damage can produce pieces that look like tools; it can also produce 

use indicators that mimic indications of cultural use. This has been demonstrated 

experimentally in the past (Levi-Sala 1986; McBrearty et al. 1998) and my own 

experiments conducted to study the effects of trampling on debitage demonstrate 

patterned damage can be produced that resembles cultural retouch or use. Harder 

substrates produce randomly distributed, unpatterned flake removals in some instances; 

it also produces pieces that look like tools. Pseudo-microwear produced by trampling 

included linear indicators, bright spots, polish, rounding of edges and arrises. While in 

most instances this type of damage was random and unpatterned, there were still pieces 

that retained indicators, as well as macroscopic damage, that were patterned and 

distributed in areas expected by cultural tool use.  

Damage could have been caused by mechanical agents such as bioturbation and 

trampling; chemical agents like water and calcium carbonate may have affected 

identification of culturally produced microwear indicators. Cultural processes include 

retouch and use of tools as well as more inadvertent actions like trampling or incidental 

thermal alteration. Thermal alteration, whether natural or cultural, affected the 

assemblage as well; macroscopic damage like potlid or crenated fractures were readily 
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identifiable, but how thermal alteration affects microwear indicators microscopically is 

not understood and is an area that deserves further research.  

It is suggested that the ubiquitous distribution of a weakly developed polish on all 

artifact surfaces throughout the collection—large and small artifacts alike—is attributed 

to soil sheen or soil polish. The development of soil polish is a process that is poorly 

understood, nor is it known how the shrink/swell properties of clay affect lithic surfaces. 

To my knowledge, no experimental studies have been conducted to try and replicate this 

phenomenon. Is it possible to isolate and distinguish soil sheen from use polish? In most 

instances yes—but the analyst must consider all indicators in conjunction and proceed 

cautiously. 

This study concludes that post-depositional damage affected most of the collection 

and there was minimal usewear—or minimal observable use—on flakes. Taphonomic 

processes interfered to a great deal with drawing firm inferences on both tool use and the 

identification of tools. What use is observable seems to relate to working harder 

materials in a transverse motion. Failure to identify tools and microwear may be 

attributed to post-depositional processes that either removed existing use traces or 

created pseudo-use. It is also related to the nature of the primary activities conducted 

within Excavation Area 8—reduction of lithic raw material. Few utilized tools are 

expected in an area used for the production of blades and projectile points. 

Edge-modified assemblages are problematic because flakes are minimally used, have 

little time to accrue microwear, have thin fragile edges that are easily damage, and any 

resulting post-depositional damage can be confused with cultural use. Further, chemical 
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factors in action over the course of thousands of years may remove or alter any genuine 

traces of use. This does not devalue this study, nor should these results be used to 

dissuade other researchers from undertaking similar analyses. The microwear study of 

debitage recovered from Excavation Area 8 provided information on site use and raised 

interesting questions concerning the effect of taphonomic processes on lithic 

assemblages. 

 

Conclusions 

The results of this study suggest that during Clovis times Excavation Area 8 served as a 

workshop primarily dedicated to the manufacture of blades and projectile points. Ninety-

eight percent of the Clovis lithic assemblage consists of debitage.  Lack of microwear in 

the biface assemblage (e.g. manufacturing rejects) indicates this portion of the lithic 

assemblage is comprised of unsuccessful attempts to manufacture Clovis projectile 

points (Smallwood 2006). Few utilized blades (Minchak 2007) or flakes were identified. 

The Clovis occupation at Excavation Area 8 was related primarily to tool manufacture, 

but the presence of some blade or flake tools shows the area either was used minimally 

for other activities or for the discard of blade and flake tools used in other portions of the 

site. 
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0 5

Figure A-1. Edge-modified tool AM4-E-1090. The noncortical edge has invasive flaking on both the a) 
exterior and b) interior surfaces. At the proximal end, part of the bulb of percussion has been flaked back. 
Note the calcium carbonate on the exterior surface and the yellow-stained interior face.
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Figure A-2. Edge-modified tool AM4-1091, depicting: a) notched areas on lateral margins; b) minimal 
flaking on interior face. Invasive flaking on exterior face clearly originated from interior surface. Dark 
discoloration on most of interior surface may be related to thermal alteration or patination.
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Figure A-4. Edge-modified tool AM215-1086 depicting: a) notched areas on lateral margins; 
b) minimal flaking on interior face. Invasive flaking on exterior face clearly originated from interior surface.  
Dark area that covers most of interior surface may be related to thermal alteration or patination.
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Figure A-5. Edge-modified tool AM228-1082: a) interior flake surface with minimal flaking; b) exterior 
flake surface, which has been flaked back or notched on the distal end to form two projections; c) close-
up view of what may have been a graving or etching tool.
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Figure A-7. Edge-modified tool AM239-C-1574: a) highly patinated exterior flake surface with invasive 
flaking along left lateral margin and on remaining portion of distal end; b) interior flake surface with 
minimal flake removals. 
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Figure A-8. Edge-modified tool AM244-V3-1183: a) exterior flake surface with denticulated lateral and 
distal edges; b) interior flake surface. 
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Figure A-9. Edge-modified tool AM256-Q-102: a) interior surface with proximal end detached perpendi-
cular to long axis of flake; b) highly patinated exterior surface with small flake removals on proximal end.
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Figure A-10. Edge-modified tool AM259-R-1537: a) exterior surface with flake removals along left lateral 
margin; b) interior flake surface.
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Figure A-13. Edge-modified tool AM291-T2-1206 and AM314-S2-1163: a) exterior surface with flaking on 
right lateral margin; b) interior surface with flaking on left lateral margin. Note that the two refitted pieces 
are patinated to different degrees. Both fragments were probably thermally altered. The upper, darker 
fragment is thermally fractured.
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a b

Figure A-17. Edge-modified tool AM319-U1-1145: a) interior surface with less invasive flaking along 
lateral margins and invasive flaking on the right lateral edge near flake platform; b) exterior surface with less 
invasive flaking along lateral margins.  
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a b

c

Figure A-18. Edge-modified tool AM319-X2-1144: a) exterior flake surface with invasively flaked notch on 
right lateral margin; b) minimally flaked interior surface; c) close up view of notch.
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a b

Figure A-19. Edge-modified tool AM320-Y-1189: a) exterior surface of flake with invasive flake removals 
forming concave lateral edges and removing cortex on distal end; b) interior flake surface with similar 
flaking in same areas as that on exterior surface.
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0 5
cm

Figure A-21. Edge-modified tool AM353-S-1202: a) exterior flake surface with patterned invasive flaking 
along lower right lateral margin; b) interior flake surface with minimal flaking except for a few random 
step-terminated flake removals.
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Figure A-25. Edge-modified tool AM438-174: a) interior surface of overshot flake; b) exterior surface of 
overshot flake with notch on right lateral margin; c) lateral view; d) lateral view; e) view of distal end of 
flake; f) view from proximal end; g) close-up view of notch. Note calcium carbonate encrusted onto 
remaining cortex on the exterior flake surface.
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0 5
cm

Figure A-26. Edge-modified tool AM2000-GT-25: a) exterior surface with less invasive flaking along right 
convex lateral edge; b) interior surface with crescentic fractures on distal end.
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	Until that baseline was established, initial examination of the Clovis-age debitage identified 258 pieces that potentially could be culturally modified. As stated in the previous chapter, approximately 3375 pieces of debitage greater than or equal to ...
	Pertinent to the current study, retouch generally refers to cultural modification that occurs before (e.g. shaping an edge) and during (e.g. tool maintenance and recycling) tool use, as well as edge fracture produced through use alone. It can be diffi...
	Similarly, the term edge-modified was chosen to delineate this assemblage in lieu of accepted descriptors such as “formal,” “curated,” or “expedient.” Although Gero’s (1991:165) observation ‘when does one “utilize a flake”?’ comments on the bias in li...



