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ABSTRACT 

One of the highest-profile, yet l e s t  known peoples in New World archaeology, are 

the Paleoindians. Despite the absence of supportive empirical data, archaeologists have 

long assurned that Paleoindians employed the spearthrower dong with heavy, fluted- 

point-tipped darts, to hunt now extinct species of late Pleistocene mamrnoth and bison. 

This assumption is criticai to our understanding of Paleoindian life-ways since the 

identification of exploitative technolog, such as weapons systems, is often the first 

crucial step towards the interpretation of higher order information that contributes to o u  

knowledge of prehistoric peoples. Without an accurate assessment of the basic tools with 

which people interacted with their environment, we cannot fully explore more cornplex 

issues such as technoIogicaI and social organization, or settlement and subsistence 

strategies. 

Traditional analyses of weapon technologies generally rely on classification 

schemes to identie projectile points as spear, dart, javelin, or arrow armatures. The 

logical fallacy of such schemes is the assumption that the investigator knows, a priori. 

that the artifact in question served as a projectile armature. By adopting and applying a 

methodology based on the fracture mechanics of brittle solids, this research avoids such 

interpretive leaps of faith. 

Employing data derived fiom velocity-dependant micro-fracture features, a series of 

iii 



controlled experiments were conducted to explore the range of lithic fi-acture velocities 

associated with various manufacturing (reduction) techniques, projectile impacts, and 

accidentai breakage. Manufacturing and weapon delivery technologies are differentiated 

based on the fracture velocity exhibited by damaged artifacts; high-speed projectile 

impacts are reliably disthguished fkom other sources of lithic fiachue, thus providing a 

quantitative means for identifjkg projectile armatures. Data derived fiom Paleohdian 

artifacts reveal fracture rates associated with hi&-velocity impacts, indicating the use of 

the spearthrower. 
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CHAPïXR 1 

INTRODUCTION 

"Archaeology is rather like a vast, fiendish jigsaw punle  . . . ." 
- Paul Bahn - 

Since the initial discovery of stone tools in association with extinct Pleistocene 

fauna at Folsom, New Mexico in 1926 (Figgens 1927), Paieohdian cultures have been at 

the forefront of American archaeology. At present, the earliest, undisputed, clearly 

defined cultural complex in the New World is that of the Clovis people (Haynes 

1993:2 19), named for the type site of Blackwater Draw near Clovis, New Mexico (Hester, 

Lundelius, and Fryxell 1972; Sellards 1952). 

By the early L9801s, Clovis assemblages had been documented throughout most of 

the North Anencan continent. Although sharing broad shilarities in tool kits and site 

types, these widespread assemblages are now known to exhibit variations in regional 

point morphology, environmental settings, economies, and occupation dates (Willig 

199 1). 

Johnson (1 99 1) States that the fluted point was the focus of the Clovis tool kit. 

While this may have been me prehistoncally, there is no doubt that it is the focus of 

modem archaeological investigations. More than any other New World culture, the 

Clovis complex has been defined by this one artifact fom, and despite apparent regional 

economic differentiation, the fluted Clovis point has corne to signi@ late-Pleistocene, 

mammo th- hunthg Paleoindians. 
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The concept of the Llano-Clovis big-game hunting tradition grew out of the 

repeated association of Clovis cultural materials with the remains of extinct megafauna at 

well-dated kill sites in the Southwest and on the Plains. There is no doubt ùiat fluted 

points were used to dispatch late-Pleistocene megafauna. Rather, the question is: how 

were these points used to bring down such large game? Some researchers have suggested 

alternative hunting strategies including the use of trapping areas, dead falls, snares, 

mechanicd traps, and pits (e-g., Frison 199 1 ; Haynes 1980; Johnson, Kawano, and Ekker 

1980). Few have devoted much attention to the weaponry per se, apart from empirical 

descriptions of the points themselves or discussions of metric and stylistic variation. 

It is generalIy accepted that fluted points functioned primarily as spear armatures, 

and perhaps secondarily as knives or butchery tools. There is no concrete empirical 

evidence which can provide us with a complete picture of such a weapon or tool since no 

hafted fluted points have been recovered to date. A common reconstruction of 

Paleoindian weaponry suggests that the spear was propelled by use of a spearthrower 

(e.g., Amick 1996:414; Fagan 1987: 180-1 8 1, Frison l989:766), a device which allows 

spears (properly referred to as "darts" when associated with the spearthrower) to be 

launched with greater speed and a flatter trajectory than a hand-thrown spear. 

The spearthrower is a device with considerable antiquity in the Old World, in use 

since at Ieast the Magdalenian of Upper Paleolithic Europe approximately 17,000 years 

ago, and perhaps much earlier (cf., Caton-Thompson 1946; Knecht 1994). It is known 

from the circumpolar regions, western Europe, and throughout most of North Arnerica, 

Centrai and South Arnerica, Australia, Melanesia, and Micronesia. While there is no 



reason to assume that migrants to the New World couid not have possessed the device, 

there currently is no empiricai evidence that it was used by the earliest New World 

hunters. 

Despite this, students of archaeology are exposed to illustrations in introductory 

texibooks of Paleoindians employing the spearthrower to launch fluted-point tipped darts 

(e.g., Fagan 2 987: 180- 18 1 ), and even a PBS program that features a prominent 

Paleoindian archaeologist demonstrating the effectiveness of Clovis spearthrowers (Eder 

1988). 

Experiments designed to test the performance capabilities of CIovis weaponry have 

been conducted on elephant carcasses, and may have served to perpetuate the image 

among academics (Frison 1989; Huckell 1983). References to Paleoindian 

spearthrowers (most often referred to by the Nahua terni "atlatl") are common in the 

academic literature, as illustrated in the following statements: 

The association of Clovis type projectile points and mammoth remains in 
archaeological sites . . . has convinced most Paleoindian investigators that the 
Clovis projectile point used on a thrusting spear and/or with atlatl and dart was the 
weaponry used to kill the mamrnoths Frison l989:766]. 

Most of the [Folsom] projectile points recorded are fragments, presumably broken 
on impact during use as atlatl dart tips [Arnic k 1996:4 141. 

Notably, these, and similar statements offer no empirical evidence for the existence 

of the spearthrower during the Paieoindian period, and offer no references to the origin of 

the spearthrower hypothesis. It is not difficult to understand why many peopIe assume 

that Paleoindians possessed this type of weaponry. The range and power advantage 

provided by the spearthrower (Hutchings and Brüchert 1997), relative to the ths t ing-  
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spear and javelin, make it is easy to speculate that Paleoindian hunters needed as much 

"firepower" as possible to successfully penetrate the amioured hides of six to eight-ton 

marnmoths. 

Opponents to the Clovis spearthrower hypothesis rely on normative arguments 

based primarily on technoIogicaI and morphological aspects of lithic point design. 

Wight (1 995:35), for example, argues that the spearthrower is associated with notched 

points, and has created a mode1 that traces the difision of the spearthrower from a source 

in the Archaic Southeast. Also relying on the interpretation of hafting technology, 

GrarnIey (1984) cites flute widths as evidence that Clovis points were employed as 

(thnrsting-) spear matures  at the Vail site. 

Evidence for the initial appearance of the spearthrower in the New World is 

undeniably early. Cockrell and Murphy (1978; see also Royal and Clark 1960) report a 

shelI spearthrower hook, from Warm Mineral Springs, Florida, in association with human 

remains, in deposits dated between approximately 9,000 and 10,000 years ago (see also 

Clausen, Brooks, and Wesolowsky 1975). Other spearthrower hooks are reported from 

the Windust Phase at M m e s  Rockshelter in Washington (Rice 1972), dated between 

approximately 9,000 and 10,000 years ago (Sheppard et al. 1987); fiom Fort Rock Cave, 

Oregon, dated approximately 8,500 years ago (Cressman 1977: 105); and from the 

Roadcut site at Five Mile Rapids, Oregon, dated between approximately 7,600 and 7,900 

years ago (Cressman 1960:24, and Figures 20 and 40). 

Heite and Blurne (199553) report a slate "bannerstone" fiom deposits dating to 

approximately 1 1,000 years ago at the Bluebeny Hill site (Delaware). Although, 
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bannerstones are reputed to have functioned as spearthrower weights, their association 

with the spearthrower has never been empiricdly demonstrated. The 0.9 cm diarneter 

groove in this slate object (Heite and Blume 1995:Figure 28) suggests, however, that it is 

probably a grooved and shaped abrader, possibly a shaft smoother. 

One is forced to conclude, therefore, that the earliest empirical evidence for the use 

of the spearthrower in the New World is currently represented by the spearthrower hooks 

from Warrn Minerai Springs, and M m e s  Rockshelter. The 9,000 to 10,000 year old 

associated dates suggest that the spearthrower was in use by at least the Early Archaic 

Period. 

The intent of this research is to determine whether there is any empiricd evidence 

for earlier use of the spearthrower in the New World; specifically, whether Paleoindian 

points were associated with the use of the spearthrower, or were restricted to hand-thrown 

spears, thrusting spears, or any combined use of these systems. The emphasis is on 

Clovis and Folsom fluted-points, but other early, pre-Archaic (as defined by Wilfig 

[l989: 13 - 141) point types were examined for cornparison purposes. The research 

approach employs fracture velocity data derived fiom the darnaged surfaces of these 

artifacts. 

Lithic Fracture Velocity Research in Archaeology 

A nurnber of researchers have been concerned with the mechanics of bnttle fracture 

in Stone tool materials for several decades (e-g., Cotterell and Karnminga 1979, 1987; 

Faulkner 1972; Fonseca, Eshelby, and Atkinson 197 1 ; Goodman 1944; Kerkhof and 
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Müiler-Beck 1969; Speth 1972, 1974,1975, 1981 ; Warren 19 14; and most recently 

Tomenchuk 1985; Hutchings 199 1). Most have been interested in the fiacture process 

per se from a technicai and morphological standpoint; very few have directed their 

attention towards the determination of hc ture  propagation velocity as an anaiytic tool 

with broader implications. 

Referring to certain rnicroscopic ripple marks on the fracture surfaces of flakes and 

blades, Fauikner (1 972: 162) stated a quarter-century ago that: 

Gu11 [Le., fracture] wings and Wailner lines, are indicators of fracture velocity, 
which may prove to be a diagnostic characteristic separating flakes produced at 
different loading speeds. 

Similady, Cotterell and Karnminga (1 987:703) state that: 

An appreciation of the mechanics of flake formation can lead directly to behavioral 
implications. For instance, with glassy stone like obsidian it is possible to 
distinguish flakes produced by pressure from those produced by percussion by 
calculating the crack velocity registered by Wallner lines. 

ALthough both Faulkner, and Cotterell and Karnrninga had alluded to archaeological 

applications, it \\las Tomenchuk (1985) that first employed fracture velocity 

deterrninations derived directly from archaeological materiais for the investigation of 

prehistoric human behaviour. His landmark development of a fracture rnechanics-based 

lithic use-wear rnethodology required a non-subjective, quantitative method to determine 

the precursory Ioading rate responsible for the use-damage exhibited by stone tools. His 

force estirnating models were applicable only to use-damage resuiting fiom quasi-static 

and rapid Loading conditions (e.g., cutting, sawing, drilling, incising, scraping). Fracture 

velocity determinations were, therefore, necessary to distinguish these fiom use-damage 
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resuIting from dynarnic loading conditions (e.g., chopping, projectile impacts, various 

types of high energy percussion). 

WhiIe the determination of lithic fracture velocity was not Tomenchuk's (1985) 

central research concem, his exhaustive theoretical and methodological hcture 

mechanics research paved the way for subsequent investigation. Research concerning 

fracture velocity assessments of post-Natufian composite Iithic armatures (Hutchings 

1991), suggested that as the impact speeds (Le., precursory Ioading rate) of projectile 

armatures increased, fracture propagation velocities exhibited by the damaged lithic 

components also increased. Since differing weapon technologies propel armatures at 

different speeds, lithic fracture velocity data derived from damaged armatures should be a 

useful indicator of the original weapon technology. 

The curent experirnental program was designed to investigate whether weapon 

technologies could be differentiated based on the fracture veiocity exhibited by damaged 

matures. The research approach is one of replication and experimentation. Fracture 

veiocity data collected from replicated projectile armatures damaged during controlled 

experimentation are compared with like data from archaeologicai specimens. 

The archaeologicai sample is comprised of fluted Paleoindian, and non-fluted pre- 

Archaic (as defined by Willig 1989: 13-14) bifaciai points. The reader should keep in 

mind that the goal of this research is to document fracture velocities associated with these 

types of artifacts, and determine whether fracture velocity anafysis may be used as a 

reliabIe indicator of specific delivery technologies. The goal is not to demonstrate that 

these artifacts represent the onIy lithic armatures employed by Paleoindian and pre- 
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Archaic peoples. In addition, while data are collected fiom damaged mtifacts (Le., 

fkacture surfaces), there is no reason to assume apriori that a given fracture was the result 

of use of any type. The experirnental h c m e  velocity research presented in Chapter IV 

provides the necessary framework to detennine whether a given hc ture  could have 

resulted Eom known reduction processes or incidental damage. Therefore the selection 

of these artifacts, generally assumed to represent weapon armatures, in no way affums the 

consequence of the analysis. 

An unfortunate fact of this type of research is the surficial appearance of a lack of 

hurnan focus. W l e  the central concern is documentation of evidence which will 

elucidate a vital aspect of Paleoindian life-ways, the analytic universe unavoidably 

consists of technical items, rather than behavioral, organizational, or sociopoliticai data. 

The reasons for this approach are discussed in Chapter III, where it is demonstrated that 

archaeologists currently have no theoretically reliable means of identi@ing rudimentary 

functional classifications for prehistoric weapon armatures. As a consequence, 

archaeological analyses of hunter-gatherer lifeways based on the interpretation of basic 

food-getting technology, where only the lithic armatures are represented, currently lack a 

solid theoretical foundation. 

The practical and methodological fracture mechanics background pertinent to this 

research is discussed in Chapter IV. 1 recommend that readers interested in the history of 

theoretical fhcture mechanics, or discussions of other aspects of bnttle fiacture and wave 

rnechanics, consult Speth (1972), and Tomenchuk (1985). 

Chapter V presents archaeological, ethno-historie, and expenmental data conceming 
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weapon veIocities, weights, and practical hunting ranges. These data are employed in a 

serics of controlled experîments which explore the range of lithic fracture velocities 

associated with various weapun technologies. 

In the pages that follow, the generic term "spearthrower" is used in preference to the 

Nahua, or Aztec, "urlatl" (or "Lat~-arr'). î h e  reason for my preference is that both 

"spearthrower" and "ailatr' are wide1y used by New World prehistorians, but the former 

seems to be the most common term employed by Old Wodd prehistorians, thus 

"spearthrower" appears to be the most cornmon usage. The term is not without its 

problems however, since the device propels "darts" rather than "spears", making one 

wonder whether the term "dart-thrower" might not be more appropriate. The term 

"spear" is herein reserved to denote a hand-held thnrsting wesipon, while "javelin" is used 

to describe the equivalent hand-thrown weapon. 

The terms "point" and "mature" are used in preference to "projectile point", since 

the latter assumes use as a projectiIe, and thus knowledge of prior function (see Chapter 

III). In addition, "projectile point" is not an adequate term For the arrning tip of a spear, 

since it is not a projectile weaponper se. 



CHAPTER LI 

AN OVERVIEW OF PALEOINDIAN TECHNOLOGY 

"They probably found one mammoth in a lifetirne and never got over taiking about it." 
- Richard MacNeish - 

Based on a distinctive practice of biface fluting, the term Paleoindian is defrned 

from a technologicai perspective, and follows the recomrnendation of Griffin (1977: IO), 

encompassing Clovis, Folsom, and their variants. The Paleoindian period represents the 

earliest, well-dated, and clearly defined cdturai manifestation in the New World. 

Appearing at the end of the Pleistocene, a time of massive environmental change, 

Paleoindians appear to have spread rapidly throughout the North Arnerkan continent, 

south of the ice sheets. This rapid spread has been attributed to a lack of other hurnan 

cornpetition, and an abundance cf large game species uniformly distributed over broad 

expanses of plant and animal cornmunities created by the lower seasonai temperature 

extremes of the Late Pleistocene (Haynes 1982; Kelly and Todd 1988). Alternative 

theones suggest that Paleoindian technology spread through diffusion among a number of 

diverse populations already present on the North American continent (Elonnichsen and 

Young 1980; Morlan and Cinq-Mars l982:380-38 1). Lacking any earlier, well-defined 

North Amencan culture with a developmentaily antecedent tool-kit, however, Storck 

(1988:243) has suggested that Paieoindian technology ". . . was spread by a colonizing 

population that maintained a specific cultural identity" (see dso Storck 199 1). 

Unlike modern hunter-gatherers, it has been suggested that Paieoindians were 

1 O 
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'Yechnology oriented" rather than "place oriented" (Kely and Todd 1988). The high 

faunal biomass of North Arnerica at the end of the Pleistocene offered early Paleohdians 

an effective solution to the risks of exploithg an unknown and wpidly changing 

environment. By exercising a strategy of high mobility huntuig, they reduced the risks 

associated with a lack of environmental familiarity, and were able to respond to penodic 

declines in local game populations resulting from both the environmentai changes of the 

Late Pleistocenelearly Holocene, and the effects of predation, by simpIy shifiing their 

range (Kelley and Todd 1988). 

Clovis is the earliest cultural and technologicai expression of the Paleoindian 

period. Radiocarbon dates are available from several Plains and Southwestern sites 

including the Lehner, Murray Springs, and Naco sites in Arizona; CIovis (Blackwater 

Draw #1) in New Mexico; Dent, and Dutton in Coiorado; Colby, U.P. Mammoth, and 

Shearnan in Wyoming; and the Dornebo site in Oklahoma ( Frison 1991; Frison and 

Stanford 1982; Frison and Todd 1986; Haynes et al. 1984; Leonhardy 1966). 

Radiocarbon dates from these sites indicate that the Clovis occupation of the Great 

Plains took place between 1 1,500 and 1 1,000 years ago. Haynes er al. (1 984) restrict 

Clovis to a narrower span of time between 1 1,200 and 10,920 ''C years ago based on the 

selection of 21 radiocarbon dates from the Lehner and Murray Springs sites; the actuai 

range of radiocarbon dates from the Lehner site is 1 1,470 * 1 10 B.P (SMU-308) to 

10,620 * (300). Recent efforts to recalibrate the radiocarbon calendar based on uranium- 

thorium and radiocarbon dates fiom Barbados coraIs suggest that, due to global carbon 

dioxide fluctuations during the latc Pleistocene, these Paleoindian dates are a few 
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hundred years later than they should be. The revised chronology suggests that the a c t d  

tirne span for Clovis, as  defined by Haynes et al. (1 984), is approximately 13,200 to 

12,800 years ago (Taylor, Haynes, and Stuiver 1996) 

Meltzer (1 988) and others (Haynes et ai. 1984) contend that eastem (Clovis) fluted 

point assemblages date fiom 10,600 to 10,200 years ago (approximately 12,500 to 1 1,500 

years ago in the revised chronology), with a noticeable temporai gradient fiorn the 

Southeast to the Northeast. Since this is the t h e  range of Folsom and early PIano 

complexes rather than Clovis, Willig (1991 :94) has suggested that the cultural versus 

temporal significance of fluting must be determined in these regions pnor to their 

automatic temporal inclusion into the well-dated Clovis complex of the Southwest and 

Plains. 

Clovis appears during the Pleistocene-Holocene transition. W l e  dimatic and 

ecological reconstructions Vary with location, the overail pattern of change is generally 

agreed upon (Hofman et al. 1989). During this period the Great Plains and Southwest 

were cooler, moister, and experienced less extreme seasonal fluctuations in temperature 

than at present. Biotic provinces distinct from those presently known, contained a 

diversity of faunal species which today are nonsympatric, including many now restricted 

to boreai or tropical climates (Graham 1979; Martin, Rogers, and Neuner 1985). With 

the onset of the Holocene, the increased expression of seasonaiity restricted the natural 

ranges of species that were sensitive to extremes of temperature and moisture. The taxa 

that survived the Pleistocene-Holocene transition were those that adapted to the 

competitive and climatic stresses, accomplished in part by a reduction of body size (e.g., 
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bison, beaver, armadillo), and changes in sociai behaviour (e-g., larger herd sizes for 

bison) (Graham and Lundelius 1984). 

The basis of the Clovis lithic technological system was the use of large bifaces 

which, depending on situational requirements, sewed as tools, cores for biface thinning 

flakes to be used as toots or tool blanks, or as preforms for point manufacture (Hofman er 

al. 1989:32-33). 

The Clovis point is characterized by alternating opposed biface thinning; slightly 

convex lateral rnargins with the point of maximum width near the mid-section; a concave 

base; one or more flutes, usualIy extending to the arca of maximum point width, on one 

or both faces; and basal and lateral edge grinding (Bradley 1982:207; Haynes 1980: 1 26; 

Willig 199 1 :93). Resharpening of these points was a comrnon practice (Haynes 

l982:385), and perhaps as a resuIt, they are known to Vary greatly in size. For example, 

specimens examined during the course of this research ranged in length from 3.1 to 1 1.8 

cm. Exceptionaily large spechens are known from Clovis cache sites; a 16.5 cm 

specimen was recovered from the Drake cache in Colorado (S tanford and Jodry l988:2 1 ), 

while specimens from the Richey-Roberts cache are greater than 22 cm in length 

(Mehringer and Foit L990:Figure 5). 

Clovis knappers usually manufactured points from exceptionally fme-grained 

siliceous materials, sometirnes from sources a few huidred !c.i!ometres h m  where they 

were ultimately deposited (Haynes 1980: 1 18). 

In addition to the distinctive fluted point, the Clovis lithic tool kit contains bifacial 

knives; burin-like tools including wedges or pièces esquillées; and large, multi-purpose 
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bifaces, which were also used as projectile point preforms. Bifaciai drills, sometimes 

fluted, are common. Most tools are made on large flakes and inciude side scrapers; 

concave scrapers; end scrapers, often with spurs at the intersection of the retouched distal 

edge and a lateral margin; denticulates; notches; unifacial knives; and gravers (Grarnly 

1990; Haynes 1980: 1 16; Stanford 199 1 :2). Core tools include choppers, and thick, 

unifacial push-planes. Despite the fact that the existence of a formai, developed blade 

technology is disputed by some (e-g., Wright 1995:3 1; cf., BradIey 1993:254), examples 

of blade and blade core technology are reported from several locaiities in New York State 

(Funk et al. 1969); the Adams site (Sanders 1990) in Kentucky; Kincade Rockshelter 

(Collins et al. 1989), the Davis Blade Cache (Young and Collins 1989), and the Aubrey 

site (Ferring 1990) in Texas; and Blackwater Draw (Green 1963), New Mexico. Most 

tools on blades or blade-like flakes consist of a variety of scraper types, and combinations 

thereof (Haynes 1980: 1 16). Other lithic tools found in Clovis assemblages, but as yet 

only rarely, include a single, large crescent from the Fenn Cache on the Wyoming-Idaho 

border (Frison 199 1 :#), and the occasional burin. 

Antler, and mammoth bone and ivory flakuig is aiso associated with Clovis, but the 

technology is not well known (Stanford 1991:2-3). Formal tools include awls or punches; 

bone, antler, and ivory points; a possible ivory flintknapping billet fiom Blackwater Draw 

(Hester, Lundelius, and Fryxell 1972; Sellards 1952); and a shaft wrench fiom Murray 

Springs (Haynes and Hemrnings 1968). Other bone, antler, and ivory items bearing a 

resemblance to upper Paleolithic projectile points (see Knecht 1994), but often identifîed 

as "foreshafts", have been recovered fiom Anzick (Lahren and Bonnichsen I974), the 
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Ritchie-Roberts site (Mehringer 1988), and several submerged sites in Florida (Dunbar 

199 1 ; Jenks and Simpson 1941),. 

Clovis sites are airnost invariably associated with ancient fresh water springs, 

Stream and river tenaces, and pond and Iake shorelines. To date, most Clovis 

archaeologicai sites, particularly in the West, have been kill sites and scattered surface 

finds. Only a few carnpsites have been excavated. The data recovered fi-om these 

suggests small group sizes and short term occupations. Larger campsites located adjacent 

to quarries probably reflect multiple reoccupation over many years (Stanford 199 1:5). 

Species found in Clovis sites include mammoth, bison, horse, camel, tapir, deer, 

antelope, peccary, bear, wolf, turtle, marmot, rodents, birds, fish, and molluscs, as well as 

some plants (Curran 1984; Meltzer 1988; Willig 1991). Such dietetic diversity has 

resulted in a recent trend to de-emphasize the big-game hunting orientation of Clovis. 

The undeniable presence of mammoth or bison remains (or both) at al1 known Clovis kill- 

processing sites in the Southwest and on the Plains suggests, minimally, that the hunting 

of these, and other large game species, was an important economic pursuit; "early 

Paleoindians probably were generalists in relation to large terrestrial faunal resources and 

opportunists in relation to al1 other food resources" (Kelly and Todd 1988:233). 

Very little is known about Clovis hunting practices. It is widely assurned that the 

fluted point was the primary weapon armature of the Clovis big-game hunter, but it is not 

known whether this weapon took the form of a spear, javelin, or dart. Experiments on 

modem elephant carcasses (Frison 1989; Huckell 1982) have demonstrated the 

effectiveness of Clovis points used as both spear and dart armatures. While the degree of 
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effectiveness achieved during these experirnents is not great, the inability of the spears 

and darts to achieve a significant depth of penetration may be explained by the builcy 

nature of the hafting designs employed by the experimenters. 

The recovery of these points from within mammoth skeIetons is testirnony to the 

fact that they were used against the largest, and most heavily armoured game; eight 

Clovis points were recovered from the Naco mamrnoth skeleton (Haynes 1982:393). 

Whether or not these points were directly or immediately responsible for the demise of 

the Naco marnmoth, we may assume that the attackers considered them effective enough 

to engage a potentially dangerous animal. 

Haynes (1 98O:39 1) has noted apparent differences in point breakage patterns 

between bison and marnrnoth kill sites. In contrast to the bison kill area at Murray 

Springs where several points were snapped in half and some were missing their basai 

ears, points associated with mamrnoth kills show relatively Little darnage. Haynes 

questions whether this irnplies differential strategies for attacking different game (Haynes 

l98O:;9 l), but the data are insufficient to draw meaningful conclusions. 

Frison (1 99 1 : 143, 1993) has criticized the popular mode1 that depicts Paleoindian 

hunters surrounding and attacking a mired mamrnoth or bison. He suggests that such a 

strategy would be hazardous to the hunters, and rnake butchery and retrieval tasks 

extremely dificult. 

Too much interpretation of prehistoric hunting is based on a lack of hunting 
expertise and a dependence on conjecture, artistic license, and unreaiistic, staged 
experiments. The results are interpretations of prehistoric animal procurement that 
violate al1 the mles of intelligent hunting prison 1993:241]. 
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Instead, Frison (1 99 1 : 149- 153) believes that the Colby site, where at least two mamrnoths 

were killed in a deep, steep-walIed arroyo, offers some indication of Clovis hunting 

strategy; like Iater Plains hunter-gatherers, they may sometimes have employed a f o m  of 

natural trapping area to separate and contain their prey for a direct attack. Several 

possible mamrnoth hunting strategies, including direct individual and group attacks, 

snares, and various pit and dead faII-type traps, have been proffered by Johnson, Kawano, 

and Ekker (1 980). 

Additional evidence from the Colby site suggests that meat and bone cachhg were 

practiced by Clovis hunters as insurance against possible future shortages (Frison 1976, 

1978; Frison and Todd 1986). This practice is comparable to evidence Erom the Upper 

Paleolithic of the Centml Russian Plain where marnmoth bone, used for its marrow, as 

well as  a source of raw materiai and as fuel, was cached in well constructed storage pits 

(Soffer 1985:253-258). 

The transition from Clovis to the Folsom complex, which dates between 

approximately 10,900 and 10,200 years ago (approximately 12,900 to 11,500 years ago in 

the revised chronology [Taylor, Haynes, and Stuiver 1996]), appears to have been rapid, 

and may have taken less than 100 years (Frison 199 1 50; Haynes er al. 1992; Tay Ior, 

Haynes, and Stuiver 19%). 

The FoIsom lithic technoIogical system is highiy portable and based on the 

production of bifaces, and large biface thinning flakes which are routed through a variety 

of fùnctional and morphoIogical use-life stages depending on situational requirements 

(Hofman et al. l989:34). 



Folsom people were quite conservative in their use of lithic material, and . . . this is 
manifest in the production of a preform as a primary focal unit. By-products of this 
process served as blanks for other tools, which then served multipurpose rather than 
specialized needs. It is tempting to suggest that this eEciency in utilization of raw 
material and multipurpose usage of a minimum number of tool types represents an 
adaptation to a highiy mobile way of life [Judge 1973 : 1921. 

The characteristic Folsom point is generally smaller than that of Clovis, and exhibits 

very fine marginal retouch. It is slightly convex in outline with the point of maximum 

width above the mid-section. Bases are deeply concave and have pronounced lateral ears. 

Folsom points are usually fluted on both faces, and flutes ofien extend to the distal tip. 

Other flaked-stone tools of the Folsom complex include bifacial knives; backed 

knives; a varïety of scrapers, including endscrapers, often with spurs at one or both 

intersections of the retouched distal end and the lateral margins; delicate gravers made on 

thin flakes; notches; denticulates; borers; pièces esquillées; and a variety of multipurpose, 

compound flake tools. Heaw duty chopping tools, and abnders dso occur (Frkon and 

Stanford 1982: 107-122; Gramly 1990; Hofman et al. 1989:34-35). Bone and antler 

implements include points, needles, awls and punches, and a single bead (Frison and 

Craig 1982; Gramly 1990). 

The Folsom environment was essentially sirnilar to that of Clovis; indications are 

that seasonal variations were less extreme than at present. There was more effective 

moisture, and plant and animal comrnunities were more diverse than found in the later 

Holocene (Hester, Lundelius, and Fryxell 1972; Holliday 1986; Walker 1982). During 

this penod there is also evidence for an eastward expansion of coniferous forest onto the 

Plains, as evidenced by the recovery of pine needles and pollen in the bone beds of the 12 
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Mile Creek site, dated to about 10,300 years ago (Rogers and Martin 1984; Wells and 

Stewart 1987). 

Although species such as antelope, deer, rabbits and birds, have been recovered 

from FoIsom sites, the Folsom economy was strongly oriented toward bison hunting; 

bison remains are the primary fauna represented at ail Folsom sites. Kilis at these sites 

include only a srnail nurnber of animais, usually less than 25, and the butchering evidence 

indicates that the animais were only partially butchered (cf., Jodry and Stanford 1997), 

suggesting a small hunting group size or high group mobility (Hofinan and Ingbar 

1988:343; see also KelIy and Todd 1988). 

Folsom hunting practices are not well known. Like Clovis, the characteristic 

Folsom point is widely assurned to be the primary weapon armature of Folsom bison 

hunters. It is not known, however, whether this weapon took the form of a spear, javelin, 

or dart. Bone points may aiso have served as weapon armatures at Agate Basin (Frison 

and Zeimens 1980). 

The use of steep-walled arroyos as trapping areas is a procurement strategy 

inferred fiom the Agate Basin and CarterIKerr-McGee sites (Frison and Stanford 1982; 

Frison 1984). Other sites such as Stewart's Cattle Guard (Jodry and Stanford 1992), 

suggest that bison may have been stalked and killed while grazing. There is no strong 

evidence for the large-scaie communal bison kills that appear on the plains during Iater 

Holocene times (Frison 199 1 : 164). 
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Summary 

Current knowledge of Paleoindian technoIogy suggests that tookits were, for the 

most part, relativdy simple and non-specialized. being comprised of muhi-purpose basic 

cutting, scraping, incising, and piercing tools. Widespread sirnilarities in tool forms, with 

littie stylistic variation suggests a restricted range of subsistence activities, and a mobile 

lifestyle. 

MobiIity patterns are poorly understood, but may be centered around logistical 

foraging designed to address both subsistence, and lithic procurement and re-tooIing 

needs. High-mobility is suggested by the nature of the subsistence base, as well as the 

recovery of exotic materials more than 320 km distant from their point of origin. 

Current evidence ovenvheimingly suggests that hunting was the primary economic 

pursuit, and that the most sought and utiIized were the largest available species such as 

mammoth and bison, with significantly less reliance on a wide variety of smaller game 

species and some plant resources. Weaponry and hunting methods are poorly understood. 

While the use of the spearthrower is widely assurned, there currently is no direct evidence 

for its existence during the Paleoindian period, despite the recovery of other organic 

artifacts from cache pit deposits in the Northwest and on the Northern Plains, as well as 

fiom submerged deposits in the Southeast. 



CHAPTER III 

PROBLEMS CONCERNING PROJECTILE CLASSIFICATION AND 
IDENTIFICATION 

"The philosophers have oniy interpreted the world; the thing, however, is to change it." 
- Karl M m  - 

Projectile Classification 

Within hunter-gatherer groups, technological and social organization, including 

settlement and subsistence strategies, are closeIy tied to exploitative pursuits and 

concomitant technologies. From an archaeological perspective, an important aspect in the 

interpretation of hunter-gatherer exploitative technologies is the correct identification of 

Due to deeply ingrained normative concepts, certain bifacial point forms are 

routinely associated with specific delivery technologies. Small, side-notched points, for 

example, are associated with the bow-and-arrow, and Iarger, corner-notched points are 

often associated with the spearthrower (Corliss 1972; Evans 1957; Forbis 1962; Thomas 

1978; Wyckoff 1964). While in a great majority of instances the analyst's identifications 

may be correct, the basis for such routine assumptions is not necessarily supported by 

explicit theoretical considerations. Since the correct functional identification of a 

technology is essential to subsequent andyses, it is imperative that a reliable method of 

projectile identification be developed. 

Prehistoric knives, spears, spearthrower dam, and arrows are readily recognizable 
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items when recovered in their entirety. The length of a shaft, its overall size and weight, 

and the absence or presence of a notched versus a dimpled nock, for example, are ofien 

indicators of such an implement's function. Unfortunately, prehistoric spear and dart 

shafls, knife hafts, and many other components of weapons were constructed from 

organic materials. Apart from rare waterlogged deposits, dry cave deposits, fiozen 

deposits or other instances of unusuai preservation, these fragile organic components are 

not often preserved in archaeological contexts. The result is that archaeologists seidorn 

recover direct evidence of the delivery technology which was employed by a site's 

prehistoric inhabitants. 

Numerous researchers (e.g., Codiss 1972; Evans 1957; Forbis 1962; Shott 1997; 

Thomas 1978; Wyckoff 1964) have attempted to identiQ prehistonc weapon delivery 

technologies through examination of the one surviving component of these systems: their 

lithic points. Such research has cornmonly invoIved investigation of neck or stem widths 

of points, or various measures reflecting overail point size. The basic assumption behind 

these analyses is that spear-points and knives are big and heavy, arrow-points are smali 

and light, and spearthrower dart-point sizes and weights lie somewhere in between 

(Figure 1). 

These [points] will be discussed in two categories: (1) small, thin, light, finely 
chipped specimens believed to have served on arrows; and (2) larger, thicker, 
heavier and more crudely chipped specimens we beIieve were used on darts thrown 
with atlatls. That such a distinction actually existed over vast areas of Arnerica is 
no longer denied by many archaeologists [Baker and Kidder 19375 11. 



Figure 1. A stylized kquency plot of "projectile" point sizes 
[ f ier  Fenenga (1953)]. Even if size were directly related to 
function, a large number of points which fa11 between the nodes 
cannot be classified in this manner. 

Despite the simplicity of such an assumption, a study by Fenenga (1953) of 884 

points fiom the American Midwest, Southwest, and California, suggested that there may 

be some basis for such distinctions. Fenenga (1953) demonstrated that a fiequency plot 

of either point neck widths, or overall weights, produced a bi-modal distribution 

suggesting mutually exclusive point groupings. Even though no data were presented to 

establish the actual sizes and weights of prehistoric projectile shafts themselves, the bi- 

modal distribution was interpreted as reflecting the morphological differences between 

spearthrower and bow projectiles. The issue was later addressed by ïhomas (1978) who 

employed a sarnple of 132 hafted arrow points and 10 hafted spearthrower dart points to 

determine the relationship between point size and the diameter of the actual foreshaft it 

was attached to. His sample was drawn fiom ethnographie colIections, and 

archaeologicai specimens recovered from Pueblo Bonito (Thomas 1978:467). 

Thomas (1978) noted a correlation between ai-row foreshaft diarneter and arrow 



point neck width, but was unable to document a sirnilar relationship between 

spearthrower dart foreshafts and their respective points. Despite this, the data suggested 

that arrow foreshafts were significantly smaller than spearthrower dart foreshafts, and 

arrowheads themselves were significantly smaller than dart tips. Furthemore, a 

discriminant analysis based on considerations of length, width, thickness, and neck width 

of the points, correctiy classified approximately 86% of the study sample (Thomas 

Thomas's approach provided no mechanism for dealing with unnotched projectiIe 

points. Shott's (1997) reassessment of Thomas's data utilizes a significantly edarged 

sample of hafied dart points, and considers shoulder width as an alternative to neck width, 

since he found the latter variable to be inadequate: 

A neck width threshold of 9 mm conectly classifies 38 of 39 dart points, but 
misclassifies as dam 82 of 132 anow points (62.1 percent). A threshoId value of 
8.5 mm produces identical results for darts but misclassifies 89 arrow points (67.4 
percent). Even a threshoId of 10.4 mm. One standard deviation lower than Chatters 
et al.'s (1995:757) mean for inferred dart points, misclassifies 57 arrows (43.2 
percent) [Shott 1997:98]. 

In the end, however, Shott's (1997) ability to distinguish dart and arrow points is 

essentially equivalent to that of Thomas's (1 978). 

Published metric data and scale photographs are readily available for hundreds of 

dart foreshafts recovered from dry cave sites throughout the Arnerican Great Basin and 

Southwest (e.g., Berry 1976; Cosgrove 1947; Dalley 1976; Dalley and Petersen IWO; 

Fenenga and Heizer 194 1 ; Guernsey 193 1 ; Guemsey and Kidder 192 1 ; Hanington 1933 ; 

Hattori 1982; Heizer 1938; Janetski 1980; Jennings 1957; Kidder and Guernsey 19 19; 
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Loud and Harrington 1929; Pendleton 1985; Salls 1986; Smith 1963; Smith et al. 1963; 

Taylor 1966; Tuohy 1982; Woodward 1937). This literature indicates that while most 

dart foreshafts are approximately 0.8 cm to 1.1 cm in diameter, many are Iess than 0.6 cm 

in diarneter. In comparison, the mean diameter of arrow foreshafts fiom Thomas's 

ethnographic sample (n = 1 18) is 0.7 cm, while the mean diameter of arrow foreshafts 

fiom his archaeological sample (n = 14) is 0.9 cm (Thomas 1978:Tables 1 and 2). In 

1981, a 0.6 cm diarneter dart foreshafi with a hafted Stone point, dong with five other 

dart foreshafts ranging from 0.4 cm to 0.6 cm, was recovered h m  NC Cave, Lincoln 

County, Nevada (Tuohy 1982). In reference to Thomas's (1978) study, these fmds, as 

well as 56 other dart foreshafts from cave sites in the vicinity of Lake Wimemucca, 

Nevada, prompted Tuohy (1 982:W) to comment: 

. . . 1 am not convinced that enough data have been marshalled [sic] to segregate 
arrow foreshafts fiom dart foreshafts on the basis of size or variability in 
dimensions such as length, width, weight, or shafi diameters, and the new data fiom 
"NC" Cave and the Winnemucca Lake foreshafts from a cache support this 
contention. 

Studies such as Thomas's (1978) rely on certain normative assumptions. First, they 

assume that their study sarnples are representative of the technology throughout time; that 

sh& diameters associated with a projectile technology will rernain essentially invariant 

over time. Secondly, they assume that their study sarnpies are representative of the 

techology in question. In differentiating points based on metric attributes, particularly 

attributes of size, studies such as these tend to overlook the effects of repair and 

resharpening. Since the ethnographic and archaeological sarnples are comprised of 

curated and cached weapons, one should instead assume that they are not in pristine, 
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unused condition (cf., Binford 1979). It is therefore reasonable to expect that such 

samples may not reflect a technological ideai. Cornpounding the problem. is the fact that 

not ail bows and arrows are, or were, created equai. The type and size of the bow, the 

construction of the arrow; the materials used in the shafl, whether or not it was fletched, 

and whether it was intended for large game, srnall game, or warfare, may ail generate 

variability in point size and morphology. 

In choosing to study exarnples of hafied arrow points, Thomas's sarnple was 

unavoidably recent by way of preservation bias. This was an inevitable consequence of 

the research parameters, and it biased the sample by assuming apriori ùiat small, late 

penod and ethnographie arrow points and shafts are representative of bow technology 

throughout tirne. The absence of point types known to be associated with arrows does not 

constitute evidence for the absence of the bow. One rnust keep in mind that many early 

lithic points are of a size and weight suitable for use with the bow. In fact, Browne 

(1940:2 1 1) noted that even Folsom points make highiy efficient arrow points. This said, 1 

do not rnean to imply that Paleoindians rnay have employed a bow and arrow technology, 

only that current means of projectile classification are unsatisfactory. 

Projectile Identification 

A further problem concerning the reconstruction of prehistoric weapons 

technologies is the actuai identification of projectiles per se. Ahler (1971) found 

evidence suggesting that bifacial "projectile" points were not always used pnmarily as  

projectile armatures, but that they were often used as knives and multi-purpose tools. 



Certain questions arise then: (1) what exactly constitutes a projectile, and (2) how do we 

know that an artifact that we might othenirise label as an arrowhead or dart-point was 

ever actuuily used as a pro~ectile? 

So-cailed "diagnostic impact-hctures" are touted by many analysts (e-g., Ahler and 

McMillan 1975; Barton and Bergman 1982; Bergman and Newcomer 1983; Fischer, 

Hansen, and Rasmussen 1984; Frison 1978; Frison, Wilson, and Wilson 1976; Holdaway 

1989; Ode11 1977, 1988; Roper 1979; Shea 1988; Witthoff 1968; Woods 1988) to be 

indicative of projectile impacts. For example, Bergman and Newcomer (1 983) describe 

three types of "impact fracture" identified during their projectile expenments: 

I .  The burin-likefiacture. Here one or more slivers of flint resembling burin 
spalls are detached fiom the lateral edge and the resulting broken arrowhead may 
be indistinguishable fiom an intentionally made burin. 

2. TheJute-likefi.acture. Here a chip is removed fiom dorsal or ventrai surface, 
leaving a shallow flake scar that may resemble a Bat-faced burin facet or a poor 
attempt at fluting the arrowhead's tip. 

3 .  The bending--cture. This type of break occurs transversely some way down 
the arrowhead's length and as it is not percussion-induced there is no positive or 
negative bulb on either piece. In some cases, the bending break may result in 
M e r  breaks on the corners of the snapped blade sections, presumably caused 
by one section pressing off burin-like spalls on the other pergman and 
Newcomer 1983% 1-2431. 

Bergman and Newcomer (1983) employ these cnteria to suggest that certain Upper 

Paleolithic points may constitute projectile armatures. Similar criteria have aiso been cited 

to support the hypothesis that Mousterian points represent hafied projectiles rather than 

simple scrapers or knives, and that Neanderthals were, therefore, capable of cornplex 

behaviour (cf., Holdaway 1989, 1990; Shea 1988, 1990; Solecki 1992). 
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Most archaeologists have resûicted such analyses to formal points. Odell (1988), 

however, has labeled large nurnbers of modified and unmodifiedflakes fiom a site in the 

Lower Illinois Valley as projectile armatures. Relying primarily on the identification of 

diagnostic impact-fractures, he suggests: (1) that diagnostic projectile impact fractures may 

ofien be observed on simple retouched flakes as  well as unretouched waste flakes and 

detritus, (2) that the practice of employing suitable waste flakes as functional projectile 

points may be widespread, and ( 5 )  that this phenornenon will have repercussions on studies 

of technology and foraging efficiency. Odell's (1988) waste flake analysis is based on 

previous comparative studies of impact-related breakage patterns, notably Odell and Cowan 

(1986), which used an extensive series of shooting experiments employing replicated bifacial 

points and unmodified flakes as armatures on both spears and mows. 

Odell and Cowan (1986:204) describe impact-related breakage patterns as a series 

of tip and base fractures classified into general types based on fracture termination as 

defined by the Ho Ho Committee (1976 Vancouver Use-wear Conference wayden 

19791). These fracture types are dominated by snap, hinge, and step terminations in 

varying combinations. Other types of macroscopic damage include burination of the 

lateral edges, and a type of fracture consisting of "... shdlow scars that often c q  a 

distance of five or more milIimeters from the end and teminate in either a step or hinge" 

(Odell and Cowan 1986:204). The latter type of fracture occasionaily resembles 

intentionally manufactured fluting and is referred to as a "shailow steplhinge fracture" 

(Odell and Cowan 1986:204). Various other types of use-wear such as edge-rounding. 

surface polish, and linear striations were also used to identiQ projectile impact-related 



damage. 

Unfortunately, Odell's tabulated data (Tables 1 and 2; Odell 1988:344-345) are 

confùsing and it is uncIear exactly what percentage of his study sample is represented by 

morphologicai versus non-morphological (in this case waste flakes and detritus) 

functional projectile points. He does state that only 3% of the functionai projectile points 

fiom the Smiling Dan site sample are found among ". . . modified type collection objects" 

@resumabIy, morphologicai projectile points) (Odell 1988:346). 

There is little reason to cioubt that prehistonc peoples made greater use of materials 

usuaIly classified as debitage and detritus than has been popularly recognized. Yet 1 feel 

that there are several problems inherent in the study of impact breakage patterns, 

including the use of some forms of polish and striations, especiaily if these breakage 

patterns are to be used as definitive proof of use as a projectile. These problems arise due 

to both the generai morphology and functionai nature of points; specifically: 

Iithic projectiles generdly exhibit little use-wear or haft related polish; 

impact fractures are generaily location- and orientation-specific forms of damage 

that can be caused as much through h s t i n g ,  or even dropping, as fiom projectile- 

related impact; 

certain impact fractures on the presumed service tips of unmodified flakes often 

involve a single, point loading event and cannot always be reliably distinguished 

fiom incidentai manufactwing impacts or other damage by means of traditional 

analyses. 

It is possibte to produce flakes and blades during simple core reduction which 
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unintentionaiIy exhibit sympathetic or repercussive fractures that ofien appear similar to 

projectile point impact hctures. For example, the thin distai and lateral margins of 

flakes and biades can be darnaged when they strike the ground afier removai fiom a core 

or are otherwise discarded or tossed into a pile for subsequent use by the flint-happer. 

Such damage would constitute an impact fiacture in the true sense of the term, but not an 

impact fracture caused by use as a projectile armature. Given a site with a relatively large 

population of waste flakes, blades, and other debitage, a large nurnber of pieces can be 

expected to exhibit so-cailed impact fractures. 

An investigation of flint chipping debris designed to explore the incidence of 

"impact fractures" on flint debitage (Hutchings 199 1 :Appendix F), demonstrated that 

72.4% of a sample of 246 pieces of flint chipping debris were suitable for hafting as 

practicai or useable arrowheads. Of these, 15 haftable pieces (6.1% of the original 

sample) were found to exhibit darnage suggestive by location, distribution and 

morphoIogy, of projectile use according to the macroscopic criteria of Odell and Cowan 

(1986) as well as those of Odeli (1988) and others (e.g., Ahler 1971; Barton and Bergman 

1982; Bergman and Newcorner 1983; Fischer, Hansen, and Rasmussen 1984; and Roper 

19791, In fact, three of the haflable pieces which exhibited so-called "diagnostic impact 

fractures" dso exhibited simple side-notches; one of these three exhibited simple, 

uniforrn, bilateral side-notches. 

The results obtained by this simple study demonstrate a high probability of 
observing projectile irn~act-like breakage patterns among discarded waste flakes 
and other debitage and detritus. Over 6% of the sample produced erroneous 
"use-wear". The overall morphology of these pieces, and the current defmition 
of what constitutes a projectile point, suggests not only that they came in contact 



with some target material, but that they were shot or thrown at the target material 
as projectile points ~ u t c h i n g s  1991 :Appendix F, ernphasis in original]. 

These results illustrate the problems inherent in employing impact breakage patterns as 

proof of projectile function. While projectiles do indeed frequently exhibit these 

breakage patterns, one cannot simply reverse the relationship between projectiles and 

breakage patterns so that the occurrence of these patterns indicates use as a projectile. 

The essentiai problem then is the fact that various types of fractures which may 

otherwise appear identical, may result fiom a wide range of different events and forces, or 

loading rates. For example, lithic implements may exhibit seemingly identical fractures 

that were caused during manufacture, careless handling, or various instances of use. So- 

called "diagnostic impact-fractures" are linle more than a series of tip fractures found on 

both projectile points and other pointed lithic implements and debitage. The distal tips 

are the most fragile component of these implements, and it is not unreasonable to expect 

fiequent damage directed parallel to the long axis. The damage sustained by the tips of 

projectile armatures, however, should result from much higher loading rates and exhibit 

higher fracture velocities than other artifacts exhibiting rnorphologically similar damage, 

but caused by non-projectile-related use. The problem lies in the identification of the 

actual loading rate associated with a given tip fracture, or any other fracture thought to be 

associated with use. If such data c m  be supplied by the tool, or more specifically the 

fracture, in question, any and al1 subjective interpretive problems couid be eliminated. 



CHAPTER IV 

THE QUANTIFICATION OF LITHIC FRACTURE VELOCITY 

"Every action creates an equal and opposite reaction." 
- Popular paraphrase of Newton's 3rd Law of Motion - 

Archaeologists have long noted the presence of various ripple-niarks on the fracture 

surfaces of certain isotropic, cryptocrystalline materiais. In fact. the "eolith debate" at the 

beginning of the twentieth century (e-g., Moir 19 1 1, 19 12, 19 16, 1928; Warren 1905, 

19 13, 19 14, 1923) focused on whether the presence of certain lithic Fracture surface 

features constituted proof of human manufacture. Today, fracture surface features are 

cornmonly used to orient incomplete blades and flake fragments, and have been 

successfully employed as an aid in identiQing the presence of soft-harnmer versus hard- 

hammer reduction strategies (e-g., Hayden and Hutchings 1989). 

The specific processes responsible for the formation of fiacture surface features are 

poorly understood arnong most archaeologists. This chapter presents the basic concepts 

necessary to understanding the origin and nature of the fracture surface features pertinent 

to this research. In order to avoid a digressive and lengthy reiteration, readers desiring 

more than is offered in this brief chapter will find an excellent review and evduation of 

brittle fiacture theory and wave mechanics in Tomenchuk (1985). 

Fracture surface features are macro- and microscopie markings found on the ventral 

surfaces of flakes and blades, and on the flake scars of cores. These are generally formed 
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as a result of momentary changes 

dong a progressing crack front. 
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in modes of fracture, and interactions in stress fields, 

During the production of Iithic implements, the flhtknapper's prirnary concem is 

the controlled removai of flakes or blades from the core. This is achieved primarily 

through manipulation of the energy imparted to the core by the happer. With respect to 

percussion flaking, for exarnple, energy is controlled primady by three methods: (1) by 

the selective use of percussors of diEerent densities, (2) by the angle and speed of the 

impact between the percussor and core, and (3) by the selective use of percussors of 

different sizes. In general fracture mechanics terms, these methods are means of varying 

the loading rate. 

The energy imparted to a core is transmitted in the form of a wave induced stress 

field. If this energy is sufficient to rupture atomic bonds, a fracture results. Of particular 

importance in the formation of certain fracture surface features, is the dynamic interaction 

of the crack front with two elastic waves, the longitudinal (or dilational) wave, and the 

transverse (or distortional) wave. These waves are generated by the initial loading event 

and by bond rupture episodes dong the progressing crack front (Tomenchuk 1985437- 

438). 

Fracture Surface Features and the Determination of Fracture Velocity 

Undulations are the most cornrnonly known type of macroscopic nppk mark. 

While they are not velocity dependent fiacture features, they are usefui indicators of the 

orientation of the crack front and are, therefore, important to the discussion that follows. 
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Undulations are wave-like structures easil y visible on lithic fiacture surfaces. The y range 

in size fiom wide, arcuate features with low topographic gradients, ofien expressed in 

exaggerated form near the fracture termination margin of hard-hammer flakes (Hayden 

and Hutchings 1989), to narrow, near-microscopic ripple-marks with comparatively steep 

topographic gradients. They are onented perpendicular to the direction of crack 

propagation (Le., parallel to the crack front), and are concentric, or arcuate, about the 

point of crack initiation. 

Generated under al1 loading conditions, undulations are created by the recurrent 

interaction of reflected transverse (distonional) waves and the progressing crack front. 

This interaction causes a change in the mode of fiacture where tensile loading is 

momentarily preempted by plane shear. "The resuit is a tilting of the crack plane 

produced by the continuous angular adjustment of the crack front in order to achieve 

orthogonality to the direction of local m;tuimurn tensile stress" (Tomenchuk 1985:438). 

It is this oscillation of the progressing fiacture Cront, created by fluctuating stresses, that 

causes the fiacture surface to exhibit undulations (Poncelet 1958:28 1 Tj. 

Microscopic fracture features on the other hand, such as Wallner lines, fracture 

wings, and fkacture parabolas, generally receive iittle, if any, attention as most 

archaeologists are seemingly unaware of their analytical potential. They are found on 

only the finest-grained lithic materials such as obsidian, chalcedony, flint, and jasper. 

The utility of these fracture features as quantitative indicators of fracture velocity in 

brittle solids has been known for many years among physicists (see Smekal 1950; 

Poncelet 1958; Bateson 195 1 ; Congleton and Petch 1967), and has been recognized by 



some archaeologists, such as Kerkhof and Muller-Beck (1969), Faulkner (1 972), 

Tomenchuk (1  985), and CotterelI and Kamminga (1 979, 1990: 15 l), for a considerable 

period of t h e .  For exarnple, a quarter century ago Faulkner (1972: 162) stated that: 

Gu11 [Le., fracture] whgs and Wallner lines, are indicators of fracture vetocity, 
which may prove to be a diagnostic characteristic separating flakes produced at 
different loading speeds. 

Wallner lines (Figure 2), fracture wings (Figure 3), and fracture parabolas are 

microscopic fiacture surface npple marks created when a longitudinal stress wave 

encounters a localized disturbance, such as the fracture boundary or intrinsic flaws in the 

material itself. A secondarily induced, or reflected, distortional (transverse) wave fiont 

radiates fiom these disturbances and interacts with the progressing crack front. The result 

of this dynamic interaction is a slight momentary deflection at the intersection of the 

distortional wave pulse and the crack front, which is expressed on the hcture surface as 

a microscopic, ripple-like featwe (Poncelet 1958:283T-284T; Tomenchuk 198514371. 

The presence of any localized disturbance to the stress field at any location dong 
the length of the crack fiont is communicated to the contiguous and progressivety 
more remote portions of the moving crack front by means of induced or reflected 
transverse waves, propagating with greater celerity than the crack front itself. Since 
the temporary impingement of the secondarily induced or reflected elastic wave 
does not occur simultaneously, but rather at successive increments, dong the full 
length of the crack fiont, the visual record of the protracted interactive process is an 
arcuate, ripple-like structure, becoming more attenuated with distance fiom its 
origin. Usually less pronounced than the previously described fiacture undulation, 
these surface markings are rarely visible on the hcture surface of al1 but the rnost 
ideal chipped Stone tools [sic] materials such as obsidian and homogenous, fme- 
grained silicates [Tomenchuk 1985:443-4441. 



Figure 2. Photograph of an obsidian fracture surface illustrating 
intersecting Waiiner lines and several fine undulations. 4ûx 
magnification. 

Figure 3. Photograph of an obsidian fracture surface iiiustrating 
large fracture wing on a relatively straight fracture front. Note 
numerous srnaller fracture wings. 4ûx magnification. 



Wallner lines appear as ripple-like formations, attenuated dong th& length, which 

occur at an oblique angle to the crack fiont. They occur when: 

Sequentiai crack branching episodes and intrinsic or extnnsic flaws distributed at 
the perimeter of the pIane of the fracture rnirror . . . generate a senes of crack fiont 
disturbances . . . . These structures intercept similar features emanating fiom the 
opposite rnirror boundary and ultimately, the opposite mirror boundary itself 
[Tornenchuk 1985:444, ernphasis in original]. 

Where the orientation of the fiacture fiont is known, the maximum instantaneous fracture 
velocity at the site of a Wallner line may be determined kom the effective angle of 
divergence of this fracture surface feature. Appropriate equations are available (Kerkhof 
1975: 1 19) for three different configurations of Wailner lines which may be generated. 

Fracture velocity (c) is expressed as a fraction of the transverse wave velocity 

(Cd. The transverse wave veiocity is materiai dependent, and is represented by a 

numerical constant. it is this property that accounts for differences in the elastic 

properties of various Stone tool matenals. 

Fracture Velocity Data Collection 

Velocity dependent fracture surface features can be measured under low-power 

magnification, seldom in excess of 4Ox to 60x. A Wild M3 binocular microscope with 

magnifications of 6.3x, 15x, and 40x, was employed during this research. Both a 35 mm 

photographie attachent, and a tracing attachent (discussed below) were used for 

recording purposes. A custom-manufactured ball-and-socket stage which ailows a high 

degree of tilt, and 360 degree rotation, was used to mount specimens for viewing. 

Two sets of measurements are required in order to assess fracture velocity. The first 

is simply a rneasure of the feature's distance dong the length of the fiacture, and is 

expressed as a percentage of the terminal crack length. A high degree of precision is not 



38 

necessary, and in most cases a simple millimeter d e r  laid upon the hcture  surface and 

observed under magnification is suficient. Very mal1 bc ture  surfaces may require the 

use of a stage micrometer. In either instance, the distance fiom the point of fiachire 

initiation to the fracture feature, is divided by the overall length of the fracture surface. 

The use of ùiis measure is discussed later. 

A measure of the effective angle of divergence of the longitudinal and transverse 

waves constitutes the second set of measurements. Angles are rneasured at pertinent 

locations either directly, using a protractor reticule, or indirectly, by copying the fracture 

feature photographically, or by means of a microscope tracing attachent. The 

microscope tracing arm manufactured by WILD for their M3 and M8 binocular 

microscopes, was the method used for data collection throughout this research. This 

method is far more economical than recording each and every micro-feature 

photographically, and provides a relatively quick and easy means of creating an accurate, 

enlarged illustration, and permanent record. Angular measures May be obtained fiom the 

enlarged illustrations using a standard draftsman's protractor. 

Naturally, the fracture surface must be onented as close to perpendicular with the 

viewing axis as possible, since the apparent angle of divergent features is afTected by their 

plane of orientation. Maintainhg a perpendicular orientation is not always easy since the 

ability to discem micro-features on highly reflective materials such as obsidian, depends a 

great deal on the angle of the incident light. Once a pertinent fracture feature is located, 

one must be careful to adjust the angle of the fiacture surface, maintaining a relative 

Iighting angle so that the feature remains visible, in order to make an accurate angular 



assessment. 

Highiy reflective surfaces such as obsidian, chalcedonies, and some flints, are often 

difficult to light adequately without creating excessive glare. Two 9.5 watt, d i fked ,  

flourescent lights manufactured by Bausch and Lomb (catalogue number 3 1-33-66) 

proved effective in eliminating most such lighting problems. 

The clarity of various fracture features observed under magnification varies 

enormously, and because of this, they are not always easy to record and measure 

accurately. During this research, in order to reduce measurement error, each fracture 

feature was traced at least three times, sometimes as oflen as six or seven times. This 

produced multiple assessments of each fracture feature, and provided a check for 

accuracy. Multiple angular assessments were found to Vary by approximately 1.5 

degrees. 

An informal test of the tracing ann recording and data collection method was 

conducted by comparing data collected using the tracing a m ,  to that obtained by 

photographic means. A number of different, well-defmed fracture features were traced, 

and each recorded on 35 mm transparency film. By projecting the 35 mm transparencies, 

the recorded image is enlarged several hundred times and is easily, and accurateIy 

rneasured. Average angular measures recorded for each fracture feature using these two 

methods were consistently within one degree of each other. 
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Fracture Feature Configurations 

The effective angle of divergence of the longitudinal and transverse waves is 

expressed in various configurations of ripple marks, each requinng specific angular 

measurements to be made. The first case (Figure 4a) involves a singIe Wallner line 

originating at a point S on the fiacture (mirror) boundary. Two angular measurements are 

taken at any suitable point P where the orientation of the crack fiont c m  be determined. 

as, for example, at the intersection of the Wallner line and an undulation. 

The ratio of the frxture velocity to the distortional wave velocity is equal to the 
ratio of (1) the cosine of the anguIar displacement, a, between the normal to the 
crack fiont and the Wallner line to (2) the cosine of the angular distance, P, between 
the projected direction of the transverse wave propagation (fiom point S through 
point P) and the Wallner line [Tomenchuk 1985:447]. 

In mathematical notation this value is expressed as (Kerkhof 1975 :Figure i 4a): 

CIC, = c o s a / c o s ~  (1) 

The second case (Figure 4b) involves a pair of Waliner lines, one a reflection of the 

other (see Field 1971 9, Figure 4c), converging on a single point at the Iateral fiacture 

boundary . 

The ratio of the fracture velocity to the distortional wave velocity is sirnply the sine 
of half the angular displacement, 2+, between the two Walher lines measured at 
[the convergence] point S2 on the boundary [Tomenchuk I985:447]. 

In mathematical notation this value is expressed as (Cotterell and Kamminga 1979: 109): 

CIC, = sin 4 



Figure 4. Variables for the determination of fracture propagation 
velocity (c), expressed as a hction of the distortional wave velocity 
(CL), as determined fiom two discrete configurations of Wailner Iines 
(W). (a) Fracture propagation direction (indicated by C) is perpendicular 
to crack fiont as registered by hcture undulation 0; distortionai wave 
propagation direction (C,, Le., SP). (b) Distortional wave disturbance 
reflected fiom fracture boundary resulting in convergence of two Waliner 
lines (W, and Wy) with mutual angular displacement of 24 [after Cotterel 
and Karnminga 1979: 109; Kerkhof 1975:Figure 14a; and corrected fiom 
Tomenchuk 1985:Figure 12.41. 

Note that the angles (+) should be derived from the tangents to the curves at the cornmon 
point S1. 

The third case (Figure 5a) involves a pair of Wallner lines, originating at points S, 

and S, on the opposite boundaries of the fracture surface, and intersecting at point P. In 

this case the fracture velocity may be obtained from the following mathematicd 

relationship: 

c / c 2  = 
sin 241 

(cos2 p , +- cos2 p2 + 2cos pi  cos p, cos @)IR 



If  the intersecting WaiIner lines are symmetncal, such that S,P is equai to S2P (Figure 
5b), then the equation reduces to: 

Figure 5. Variables for the determination of fracture propagation 
velocity (c), expressed as a fraction of the distortionai wave velocity 
(C2), as determined from intersecting Wallner lines (W, and WJ. TWO 
distortional wave disturbances (represented by C,, Le., S,P and S,P) 
intersect at point P. (a) Asyrnrnetric case. (b) Syrnmetric case [ d e r  
Kerkhof 1975:Figure 14b-c; Tomenchuk 1985:Figure 12.41. 

Fracture wings are distinctive chevron, or inverted "V"-shaped, fracture features that 

point in the direction of the fracture origin, and are, therefore, sometimes used as 

indicators of fracture direction. These micro-fracture features may aiso be used to 

determine fiacture velocity. 

When a moving crack fiont encounters an intemal flaw within the boundaries of 

the material, a secondary distortionai wave may be initiated. The distortional wave 

interacts with the primary stress field associated with the moving crack front creating a 
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pair of short, ripple-like marks in a distinctive "Vu-shape whose apex coincides with the 

internai flaw. The fracture wings thus created are actuaIly a pair of Wallner Iines which 

diverge fiom a common ongin. They have a tendency to rapid attenuation dong their 

length, which contributes to the localization of this fracture feature. While Wallner lines, 

per se, are rareIy visible on the fracture surface of al1 but the most ideal cryptocrystaline 

materials (e.g., obsidian), fiacture wings may be observed on a variety of materials 

including, though not Iirnited to, chalcedony. agate, jasper, and chert (flint). Due ta their 

relative ubiquity, fracture wings are an excellent source of fracture vdocity data 

(Tomenchuk 1985:455-456). 

To determine the instantaneous crack velocity from a pair of fracture wings (Figure 

6a): 

The ratio of the fiacture velocity,~, to the transverse wave velocity, C,, is simply 
the cosine of the quantity prcpresented [sic] by the semi-angle of divergence, ~ 1 2 ,  
minus the crack front semi-angle of curvature, 612, determined at the ememities of 
the fracture wings [Tomenc huk 1985:456]. 

In mathematicaI notation this value is expressed as: 

C J C ~  = cos [ (+ /2 )  - (6/2)] 

Any contiguous fracture undulation can be used to determine the angle of curvature 

of the crack front. If the angle of curvature of the crack front is zero (Figure 6b), this 

expression is reduced to: 

CIC, = cos $12 



Figure 6. Variables for the determination of fracture propagation 
velocity (c), expressed as a fraction of the distortional wave velocity 
(Ca, as determined frorn the effective angle of divergence (y) of fracture 
wings (FW). (a) Circular primary crack fiont (as indicated by fracture 
undulation) at point A and A'. The angle of divergence is obtained fiom 
the intersecting tangents to the fracture wings at points A and A'. (b) 
Plane primary crack front. The angle of divergence is rneasured directly 
from the fracture wings [after Tornenchuk 1985:Figure 12.5; see aiso 
Kerkhof 1975:Figure 91. 

Fracture parabotas are extremely rare parabolic, or conic-shaped, ripple marks 

sirniiar in appearance to fracture wings. Tomenchuk (l985:467) States that these features 

have yet to be reported in the archaeoIogicai literature. Since this author has observed but 

a single fracture parabola arnong literally thousands of artifact and experimental (i.e., 

replicated artifacts) fracture surfaces, a discussion of this micro-fracture feature is not 

warranted here. For a complete discussion of this micro-fracture feature refer to 

Tomenchuk (1 985:46 1-469). 

It is important to note that fracture velocity is not constant dong the length of the 



fracture surface, and it is therefore the maximum measured Eracture velocity which is 

central to this research. Instantaneous fracture velocities rneasured at various lengths 

dong the bcture surface reveal that the crack &ont accelerates rapidly from the point of 

initiation, reaches a maximum velocity at approximately 20% to 50% of the terminal 

crack length, and then decelerates towards the temination of the hcture (Figure 7). 
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Figure 7. Fracture velociv ratios (CIC, ) indicating the rate of 
fracture progression along the length of a-single fracture surface. 
Note also the slight discrepancy between fracture velocity ratios 
determined from Wallner lines and f?acture wings located at equal 
distances along the fracture surface [fkom Tomenchuk 1985:Figure 

Thus, instantaneous crack velocities measured at fiacture locations between 20% to 50% 

of the terminal crack length provide the most reliable indication of the precursory loading 

rate (Tomenchuk 1985 :47 1-472). 

Naturally, changes in Îracture velocity are diEcult to document since this requires 

the location of several fracture velocity indicators along the length of a single fkacture 

surface, but the phenornenon was noted on the channel-flake scar of an obsidian Clovis 
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point from BIackwater Draw @MNH A1454.1). Fracture velocity ratios for this channel- 

flake scar are presented in Figure 8. 

CIovis Channel-Flake Scar 

- (Blackwater Draw DMNH A 1454.1) - 

Percent Terminal Crack Lengch 

Figure 8. Fracture velocity ratios (CIC,) indicating the rate of fracture 
progression dong the length of a single Clovis channel-tiake scar from 
Blackwater Draw @MNH A1454.1). 

Correlation Between Lithic Fracture Veiocity and Precursory Loading Rate 

Atternpts by archaeologists to explore the range of lithic fracture velocities 

associated with prehistoric technologies have been extremely limited. The s u  of this 

research is restricted to: (1) early attempts to estimate crack velocities derived from high- 

speed photographs of fiacturing processes (e.g., Goodman 1944; Crabtree 1968), (2) a 

smdl amount of hcture velocity data reported by Faulkner (1972), (3) a brief discussion 

of fiacture veIocity and its measurement by Cotterell and Kaminga (1979), and (4) 

measurement of h c t u r e  velocities derived fiom experimental lithic specimens by 

Tomenchuk (1985:449-462). Notably, al1 of these studies are related to stone tool 
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Cotterell and Kaminga (1 979: 107) state that lithic fracture velocities measured 

experimentaily, whether the result of percussion or pressure, are in the 200 mis to 300 

m / s  range. If this were true, this investigation would not be able to proceed further since 

the implication is that fracture velocity detenninations would be unable to distinguish 

prior loading rates. Fortunately, Cotterell and Kaminga are incorrect; a fact they 

thernselves dernonstrate during their discussion of Wallner lines observed on an obsidian 

blade ff ake from Lipari (1 979: 109). They caiculate an effective angle of divergence of 2 1 

degrees for these features, producing a CI ratio of 0.18 (Cotterell and Kaminga 

1979: 109). Given a C, vaiue of 3425 m/s for Lipari obsidian (Tomenchuk 1985:Table 

1 1.41, an instanAmeous fracture velocity of 616.5 m/s is obtained; more than double their 

stated maximum lithic fracture velocity for either pressure or percussion flaking. 

Based on experimental research, Tomenchuk (1 985:472) provides a suggested 

correlation between loading rate regimes and maximum instantaneous fracture velocities 

for stone tool manufacture. These are listed in Table 1. He further suggests that these 

loading rate regimes should remain essentidly invariant for use-relared fractures, but that 

". . . it is not unreasonable to expect greater variability in crack velocities of the use- 

related fractures which might erstwhile be regarded as sharing similar service modes" 

(Tornenchuk l985:473). 



Table 1. Tomenchuk's tentative correlation between loading rate regimes and maximum 
instantaneous crack velocities ( c)* [1985:TabIe 12.71. 

Loading Rate Regimes 

Quasi-static 
r 

Referring to Table 1, quasi-static loading rates may tentatively be correlated with 

Rapid 

Dynamic 

pressure flaking processes, while rapid loading rates may be correiated with percussion 

CIC, 

0.0 - 0.1 

flaking processes (Tomenchuk 1985 :47 1). For most archaeological purposes, Ioading 

c (mis) 

O - 400 

*Note that maximum instantaneous crack velocities (C) appear to have been calculated 
based on a C2 value for Rugen flint at 3622 d s .  

O. 1 - 0.28 

0.28 - 0.43 

rates in the dynamic range are expected to encompass the high-velocity impacts 

400 - 1000 

1000 - 1500 

encountered by various projectile armatures. Various hafted and un-hafled tools such as 

adzes, celts, picks, and wedges may be subject to loading rates ranging from rapid to 

dynamic (cf., Tomenchuk l985:378). Fracture velocities in the dynamic range are of 

particular interest to this study, and will be discussed later in this rhapter. 

Despite the observation of pertinent micro-fracture features on at least 34 different 

experimcntal specimens (Tomenchuk 1985:458), Tomenchuk's study reports fiacnue 

velocity data derived from only six ". . . published illustrations of experimentaI and 

archaeological flakes, bIades, and cores" (Tomenchuk 1985:Table t 2.4), and ten 

experimentally produced specimens (Tomenchuk 1985:Tables 12.2, 12.3, and 12.5). It 

would, therefore, be propitious to examine a larger sample of experimentally produced 

flakes and blades to determine the range of hcture velocities that one might reasonably 

(Le., statistically) expect to be associated with known manufacturing related processes, 
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and refme the general scheme of loading rate regimes. This should later permit the 

differentiation of fracture velocities that lie oufside the range of manufacturing related 

processes. 

quasi-static and Rapid Loadine Rates 

Several hundred obsidian flakes and blades collected during experimentai core and 

biface reduction by the author, were examined for velocity dependent fiacture features. 

Pressure flaking, indirect percussion, and direct percussion flaking techniques were 

employed using various knapping tools. These included deer antler-. and copper-tipped 

pressure flaking tools; an indirect percussion punch of deer antler; an elk antler sofi- 

harnrner percussor; and sandstone and quartPte hard-hammer percussors. 

Al1 expenments were perforrned using Glass Butte (Oregon) obsidian (C2 = 3865 

m/s [Appendix A]). Obsidian was chosen for these experiments, not only due to its 

availability, but to maximize the potential for data collection. It should be noted that the 

use of any one particular raw material does not affect the validity or applicability of the 

data since the measurement of divergent stress wave angles and the calculation of fracture 

velocities is a non-subjective, metric operation; material-dependent elastic properties (Le., 

transverse wave velocities [CJ) are accounted for in the fracture velocity calculations. 

The experimental data are therefore considered representative of lithic reduction 

processes in general. 

The data reveal C I C ~  ratios ranging fkom 0.03 to 0.3 8 (Appendix B), and indicate 

that manufacturing related fracture velocities in Glass Butte obsidian may be expected to 
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range fiom approximately 11 8 m/s to 1485 mls (Table 2). Fracture velocities related to 

pressure flaking, soft-hammer percussion, and hard-harnmer percussion are readiIy 

distinguishable (Figure 9). Interestingly, fracture velocities related to indirect percussion, 

while generally distinguishable from pressure flaking and hard-hamrner percussion, are 

not distinguishable fiom soft-hammer percussion. The fracture velocity distributions 

associated with the manufacturing processes are presented in Figures 10, 1 1, and 12. 

Table 2. Basic descriptive statistics for maximum instantaneous fracture velocities (c) 
observed on experimental obsidian flakes and blades produced using various reduction 

technologies and tool materials (based on Cz value of 3865 mis for Glass Butte obsidian). 

Sample Size: 

Minimum: 

Maximum: 

Average: 

Median: 

Standard 
Deviation: 

Standard 
Error: 

Skewness: 

Coefficient of 
Variation: 

Antler 
1 

32 23 

15 1.74 370.44 

614.61 902.27 

370.79 667.66 

345.26 654.54 

Pressure Direct Percussion 
Indirect 

Percussion 

Antier 

3 2 

404.00 

1178.30 

700.48 

646.22 

Sandstone 

32 

57 1.28 

1485.30 

1 O3 1.34 

1041 .O0 

Quartzite 

3 3 

63 1.25 

1447.85 

1037.37 

1000.34 



Pressure - Metal Indirect Percusion - Direcl Percussion - 
Aniler Sandstone 

Pressure - Antier Direci Percussion - Direct Percussion - 
Antler Quartzire 

Redrtcrion Method 

Figure 9. Average and one standard deviation for hchire  velocities obsemed on 
experimental flakes and blades produced using various reduction technologies and tool 
materials. Fracture velocities are calculated based on a C, vdue of 3865 m/s for Glass 
Butte obsidian 

The experimental sarnple does not inchde materials produced using the chest-, or 

shoulder-catch pressure technique. Several obsidian prismatic blades produced using the 

chest-crutch technique were, however, examined among coilections housed at the San 

Diego Museum of Man. Two of these blades, rnanufactured by Donald Crabtree in 1967, 

exhibit pertinent micro-fracture features, revealing instantaneous fracture velocities 

ranging from 46 mis to 1 17 mis. 

The fact that instantaneous fiacture velocities related to pressure flaking using a 

deer antler tine, were observed as high as 6 15 m / s  ( f / c2 = 0.16), suggests that not al1 

pressure flaking should be considered a quasi-static process. This conclusion is 
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Figure 10. Frequency distribution of pressure reduction 
fracture velocity (c) data. 

preferable to suggesting that the upper boundary of the quasi-static regime be increased to 

encompass these experimental pressure fiaking maxima, due to the general definition of 

quasi-static loading as ". . . the application of a slowly increasing force to a materiai" 

(Tornenchuk 1985:356, emphasis mine). Increasing the upper boundary of the quasi- 

static regime would suggest that indirect percussion flaking, which encompasses 

instantaneous crack velocities slightly below the 0.1 CIC, ratio threshold (Le., 386.5 m/s 

for Glass Butte obsidian), be considered a quasi-static process, which wouId be a flagrant 
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contradiction to the de f~ t i on .  One must, therefore, conclude that pressure flaking may 

bridge the quasi-statichapid threshold depending on the technique of the happer. 

370 503 636 769 More 

Fracture Velocity (mis) 

Figure 11. Frequency distribution of indirect percussion 
reduction fracture velocity (c) data. Note tnincation at the 
upper end of the distribution, and the considerable negative 
skew. 
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Figure 12. Frequency distribution of direct percussion 
manufacturing fracture velocity (c) data. 
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At the other end of the scale, it is dso apparent that direct percussion fiaking can 

produce CI C, ratios significantly above the 0.28 rapidldynamic threshold outlined by 

Tomenchuk (1985:Table 12.7). In fact, instantaneous fracture velocities for G l a s  Butte 

obsidian as high as 1485 m/s suggest a rapidldynamic threshold of CI- = 0.38. The 

data thus suggest a revision of Tomenchuk's (I985:Table 12.7) tentative correlation 

between loading rate regimes and maximum instantaneous crack velocities. In addition, 

it is now possible to identifi specific lithic reduction processes with corresponding ranges 

of maximum instantaneous crack veiocities (Table 3). 

Table 3. Revised correlation between loading rate regimes, associated Iithic reduction 
technologies, and maximum instantaneous crack velocities (c)* based on manufacturing 

experirnents. 

Loading Rate 1 Reduction Technologies 
Regimes 

Pressure (chest) 
Quasi-static I Pressure (band) 

*Note that maximum instantaneous crack velocities ( c )  have been calculated based on a 
C, value for Glas  Butte obsidian at 3865 d s .  CIC, ratios have been rounded to two 
decimal places, hence corresponding c values rnay differ slightly h m  experimentai 
results. 

Rapid 

Dynamic 

A nonparametnc randornization test (Siegel 1956: 152-1 58) was conducted to 

Pressure @and) 
[ndirect Percussion 

Soft-hamrner Percussion 
Hard-harnrner Percussion 

NIA 

determine the significance of the difference between the sample rneans of the 

manufacturing data. Despite the overlap in instantaneous crack velocities between some 



of the reduction processes, the randomization test amply demonstrates the independence 

of the sarnples (Table 4). 

Table 4. Combined results of two-tailed randomization test of manufacturing data for 
significant difference between independent smples. Values o f p  are presented for 10,000 

partitions. Note that for most samples, sigmcant differences are indicated at a 
confidence Ievel better than 99%. 

Pressure - Metal 

Indirect Percussion 
- A d e r  

Direct Percussion - 
Antler 

- - 

Direct Percussion - 
Sandstone 

Direct Percussion - 
Quartzite 

In application, the considerable overlap of fracture velocity ranges presented in 

Table 3 rneans that not al1 measured values will be assignable to specific reduction 

processes. Depending on context, and the specific value measured, however, fracture 

velocity data offer a relatively quick and simpIe, non-subjective means to assess reduction 

technologies. 

Pressure 
- A d e r  

0.05660 

0.00000 

0.00000 

0.00000 

0.00000 

Pressure 
- Metd 

NA 

0.00000 

0.00000 

0.00000 

0.00000 

Indirect 
Percussion 
- Antler 

NA 

0.45340 

0.00000 

0.00000 

Direct 
Percussion 
- Antler 

NA 

0.00000 

0.00000 

Direct 
Percussion - 
Sandstone 

NA 

0.9 1 120 



Dvnarnic Loadin~ Rates 

The expectation that lithic projectile armatures, subject to hi&-velocity impacts, 

would exhibit fiacture velocities in the dynarnic range, was investigated during previous 

research (Hutchings 199 1 ). Velocity dependent fiacture surface features were observed 

on damaged flint rnicroliths (truncated rectangles) suspected, through the application of 

design theory analysis, to have been used prehistorically as elements of composite 

projectile armatures. Average C I C ~  ratios ranging fiom 0.37 to 0.52, corresponding to 

fracture velocities ranging from 1354 mfs to 1873 mls (instantaneous maxima ranged 

from 1268 m/s to 2 129 mis) (corrected fiom Hutchings 199 1:Table 7.15) based on a Cz 

value of 3622 d s  for Rugen flint, were obtained fiom fracture wings exhibited by these 

artifacts. These fiacture velocities compared favorably with those denved from Lirnited 

replication experiments where flint rnicroliths, mounted on arrow s h a h  as composite 

armatures, were shot into meat and bone targets. Average fracture velocities fiom the 

replication experirnents ranged from 1387 m/s to 1498 m / s  (instantaneous maxima ranged 

from 1 18 1 m/s to 18 1 1 d s )  (Hrrtchings 199 1 :Table 7.14). 

The research suggested that the upper range of dynarnic fracture veIocities, would 

need to be extended beyond Tornenchuk's (1 985 :Table 12.7) tentative 1500 mis limit 

(corresponding to a C / C ~  ratio of 0.43) to include fractures resulting from use-related 

functions such as high-velocity impacts (Hutchings 199 1 :212). Most importantiy, it 

suggested that Iithic fracture velocity data could be used to identiQ artifacts used as 

projectile armatures (Le., artifacts subject to high-velocity impacts), and that it may be 



possible to distinguish between loading rates attributable to specific projectile 

technoIogies in a manner similar to that demonstrated for reduction technologies. 

Terminal Fracture Velocity 

The terminal hcture velocity ( c ~ )  for a given material, represents the maximum 

transmission rate of longitudinal waves within that matenal. The issue of terminal 

fracture velocity is important since as wave propagation velocities approach this 

boundary, it will become increasingly difficult to distinguish variation in prior loading 

rates. That is to Say that at some point, regardless of any M e r  increases in loading rate, 

resulting fiacture velocities should reflect little more than the terminal fracture velocity of 

the material. 

Fracture mechanics researchers have attempted to determine the theoretical velocity 

limit for a moving crack in a brittle solid. Some (Mott 1948; Poncelet 1944; 1958; 1964; 

Roberts and Wells 1954) have attempted to demonstrate that the maximum fracture 

velocity is 0.5 of the transverse wave velocity. Stroh (1 957:454), and Broberg (1 964, 

cited in Tomenchuk 1985:395) equated the terminai fracture velocity with a fraction of 

the Rayleigh surface wave velocity. None of these theoretical attempts to estimate 

terminal fracture velocity are borne out by the empirîcai evidence (Schardin 1959; 

Tomenchuk 1985:395-396). 

... the absence of published information on the terminal crack velocity of chipped 
tool stone exacerbates the already difficult task of determinhg the loading rate 
dependency of crack velocities. The irnmediate objective, therefore, is to derive 
representative values of for a sample of chipped tool rocks [Tomenchuk 
1985:380]. 



Tomenchuk reasons that like g l a s  and norite, whose terminal lÏacture velocities 

have been measured empiricaily, chipped-stone silicates are: 

. . . hard, elastic, isotropie solids whose chemicai composition is predominantly 
silicon dioxide. Based on the strength of the correspondence between the velocity 
ratios of g l a s  and norite - especially cF1c2 - 1 conclude that chipped-tool rocks 
will possess comparable values of velocity ratios. 

In principle, the manifestation of specific fracture features should exhibit the sarne 
crack propagation ranges and thresholds for both glass and the cryptocrystalIine 
solids such as cherts and flints [Tomenchuk 1985:399]. 

The ernpirically determined terminal fracture velocity for norite is 1875 m/s 

(Bieniawski 1968:Table S), while that of soda-lime gIass is 1580 m/s (Field 1971:Table 

During this research, instantaneous fracture velocities as high as  223 1 mts were 

observed on experimental impact-damaged obsidian points. indicating that the terminai 

fracture velocity of Glass Butte obsidian is considerably higher than that of either soda- 

lime g la s  or norite. A simple experiment was therefore conducted to explore the 

terminai fracture velocity of Glass Butte obsidian. 

Lacking access to mechanical testing equipment, a less ngorous experiment was 

conducted with the assistance of the Fireams Section of the R.C.M.P. Forensic 

Laboratory (Vancouver). Several Glass Butte obsidian cores were subjected to extremely 

high-velocity impacts by firing bullets into their prepared striking platfoms. The 

obsidian targets were clarnped inside a bullet trapping device at a range of approximately 

3 m, and impacts ranging ftom 308.2 m / s  to 983.0 ds were achieved using various 
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ammunition. Projectile velocities were measured using a photo-electric device similar to 

that used during replication experiments descnbed later in Chapter V. 

Four types of ammunition spanning a broad range of velocities were employed. 

These included standard .22 short and .22 long rifle, dong with copper-jacketed 30-MI 

carbine and .223 (high-velocity assauit rifle) caliber. All ammunition, except for the 

relatively slow -22 short, shattered the obsidian cores. The ballistic and lithic hcture 

velocity data are presented in Table 5. Fracture velocity data were recovered from nine 

obsidian prepared cores and produced CIC, ratios ranging fiom 0.535 to 0.648, 

indicating fracture velocities spanning 2068 d s  to 2505 m/s (X = 2324 m/s; s = 1 15 d s ) .  

Interestingly, fracture parabolas, extremely rare on other types of fracture surfaces, were 

observed on fragments fiom most of the nine cores. 



Table 5. Ballistic and lithic Eacture velocity (c) data for obsidian terminal fiacture 
velocity tests. 

(Joules) 

Ammunition Projectile 
Type Velociîy 

(cdiber) ( d s )  

Ballistic 
Test No. 

.22 short 308.2' 

.22 short 1 3 12.4 

30-Ml carb. 61 1.4 

30-Ml carb. 602.9 

-22 long rifle 1 41 0.6 
Notes: The -223 and 30-Ml carbine ammunition are copper-jacketed. The photo-electric 
recording device occasionally failed to operate correctly - values denoted with * are based 
on the lowest observed velocity for that type of ammunition. 

Although lacking the sophistication of proper mechanical testing equipment, the 

data h m  this simple experiment, suggest that the terminai fracture velocity (c,) for 

Glass Butte obsidian is approximately 2500 m/s. 

Summary 

The processes responsible for the formation of velocity dependent surface fracture 

features were discussed. Various configurations of Wallner lines and fracture wings were 

shown to be velocity dependent features whose effective angle of divergence is directly 

correlated with the precursory loading rate of a given lithic fracture. 

The practical techniques for collection of lithic fracture velocity data were outlined 

and sources of measurement error were assessed. Average angular assessments are 
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expected to be accurate to within one degree. Fracture velocity assessments within the 

range observed during manufacture-related reduction, based on a value of 3865 m/s for 

Glas  Butte obsidian, are therefore expected to be accurate to within approximately 34 + 

1 mls. 

Cornmon techniques of lithic reduction were found, through examination of 

replicated obsidian flakes and blades, to produce C / C ~  ratios ranghg fmrn 0.013 to 

0.384, corresponding to fkacture velocities ranging from approximately 50 m/s to 1485 

d s .  Tomenchuk's (198S:Table 12.7) tentative correlations between Ioading rate regimes 

and maximum instantaneous crack velocities were revised to incorporate these data. In 

addition, specific lithic reduction processes were identified with corresponding ranges of 

maximum instantaneous crack velocities. The terminal fiacture velocity (cF) of Glass 

Butte obsidian was determined to be approximately 2500 d s .  

Experimentation, both as part of this research, and by Tomenchuk (1 985), has 

demonstrated the appiicability of lithic fracture velocity determination as an effective 

means of analysis of archaeological materials. Fracture velocity assessments generate 

non-subjective measures of empirical data which reveal the precursory loading rate of a 

given lithic fracture. Unlike most other types of archaeological data, they are not subject 

to alteration by cultural or natural processes that may affect their representability; the 

precursory loading rate is the result of a cultural process, but the specific morphological 

expression of velocity-dependent fracture features is the result of universal physical laws. 

In a sense, each velocity-dependent feature represents a moment frozen in time; a 

measurable event reflecting the action that produced it. 



CHAPTER V 

REPLICATION AND EXPERIMENTATION 

"Perhaps how it cornes to be is really more distinctive . . . than what it is." 
- Aified Kroeber - 

The replication of prehistoric artifacts has come to be recognized as a valuable 

means of technologicd and systernic analysis. It is, by necessity, the primary analytical 

approach employed by researchers involved in any aspect of experimental archaeology, 

including lithic analysis. Prior to the development of hypotheses regarding any aspect of 

technology, a certain degree of familiarity with that technology, with respect to materials, 

construction, and use are required. This type of familiarity is best gained through 

replication, and the actual use of the replicated artifact. 

A well known exponent of Iithic artifact replication, Donald Crabtree (1 975: 1 O6), 

wrote: 

. . . experimental archaeology m u t  be related to the specific aboriginal concepts of 
a particular technology or cluster of techniques and then used to replicate the stages 
of manufacture frorn the raw material to completion. 

Defining replication, in this case with respect to stone tools, and outlining some of 

the benefits of the replicative approach, Flenniken (198 1 :2) stated that: 

Replication, in its strictest sense, is reproducing stone tools, using the aboriginal 
artifacts as controls, using stoneworking fabricators similar to the ones in aboriginal 
use, employing the same raw materials, and following what can be demonstrated to 
be the sarne reduction technology. Therefore, the end products including the 
debitage, sequentid stages of manufacture, and rejuvenated tools should be the 
same or very simiIar to the abonginal controls in terms of technical category 
percentages, morphologies, and technologies. 



Despite widespread interest in the spearthrower, there is surprisingly ver). little 

reliable data available concerning its performance. A survey of the current literature 

reveals considerable dispmïty in assessments of spearthrower effectiveness. Unlike bow 

and arrow technologies, which have been reasonably well researched over the past 

century, archaeologists have Little reliable data regarding the most important variables of 

spearthrower performance; dart weights, effective range, and projectile velocity. 

Several factors contribute to the current variabiiity in our knowledge of 

spearthrower performance. The most important of these may be a generai lack of 

famiiiax-ity and requisite ski11 with the device which would permit a reasonable 

assessment of the technology. in a pioneering experimental study, Browne (1 940:2 1 1) 

stated "any close degree of accuracy is impossible with the atlatl and the spear." His 

description of throwing technique explains why: "The throw is a fast overhand sweep 

[that] lifts the spear to a height above the head equal to the length of both the arm and the 

atlatl and this uncontrolled throw is the cause of the large angle of error" (Browne 

1 940:2 1 1-2 12). This basic error in throwing technique was repeated by both Butler 

(1 975: 105) and Patterson (1 977: 159), and may account for a generalized perception of the 

spearthrower as an awkward and inaccurate weapon. 

Pnor to developing a program of fiacture velocity experiments, it was therefore 

necessary to explore the nature of spearthrower dynamics. Three charactenstics of 

spearthrower performance had to be assessed: (1 ) the practical range of the weapon under 
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reasonable hunting conditions, (2) the practicai range of spearthrower dart velocities 

associated with various dart weights, (3) and the finai velocity and kinetic energy of the 

dart upon impact with a target at hunting-related, down-range distances. In addition, 

since each of these characteristics are affected by the weight of the projectile, an 

assessrnent of dart weights was necessary prier to any investigation of spearthrower 

performance. 

Reconstmction of the Fluted-Point-Tipped Projectile 

A basic, and reasonable assumption made by Paleoindian researchers is that fluted 

points were intended to be hafled, though no complete fluted point-tipped projectiles have 

yet been recovered. For the experiments that follow, it is necessary to develop a 

reasonable approximation of the overall weight of the hypotheticd fluted point-tipped 

dart. Weight is an important factor limiting the speed imparted to a projectile, and 

contributing to the kinetic energy associated with impact. The size of the shaft and 

foreshafi is not as important to rnost experiments as the weight, but may affect or limit 

the performance of a projectile. It will be necessary, however, to estimate the weight 

based on the overall size of the shafl elements. The limitations of this approach are duly 

noted, but no other means of reconstruction are available 

Reconstruction data based on Paleoindian-related research 

Researchers have suggested, either explicitly or implicitly, that the Clovis projectile 

consisted minimaily of the Clovis point, mounted on either a wooden, bone, antler, or 

ivory foreshaft with the aid of binding and mastic. This in turn was either bound to a 
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wooden mainshafk or connected via a fiction-based socket mount (Dunbar 199 1 ; Frison 

1989; Lahren and Bonnichsen 1974; Stanford 1991). 

Exaniining Clovis point widths fiom the Vail site, Gramly (1984: 1 12-1 13) states 

that specimens narrower than 24-25 mm were unfinished (Le., lack edge grinding) and 

discarded, while specimens only a few millitneters wider were finished, hafted, and used. 

He hypothesizes that the smailer, unfinished points were discarded if their maximum 

widths were Iess than that of the existing hafl for which they were intended, since they 

would be ineffective if their edges were enclosed by the hafl. He concludes that the 

shah employed at the Vail site were 24-25 mm in diameter (Gramly 1984: 1 13). He aiso 

cites ethnographic and historic sources which indicate that thrusting spears have large 

shafts, approximately 25 mm in diameter, rarely greater, while javelins and spearthrower 

darts are much narrower. He suggests, therefore, that the Vail Clovis points were used as 

armatures for spears, rather than spearthrower dam. 

Gramly's hypothesis does not account for the fact that the Clovis knappers chose to 

flute points that they supposedly knew were too small to fit the large shafls. Channel- 

flake removal is usually thought of as the most difficult task in shaping a fluted-point, 

while edge-grinding is undoubtedly the simplest. Assuming that these under-sized points 

were initiaily intended for the sarne use as the larger specimens, it does not seem 

economical or even logical to bring a point to such a near-finished state only to discard it 

after al1 the dificult stages had been completed. Gramly's conclusion also suggests that 

haft diameters were greater than the maximum width of channel flake scars exhibited by 

any of the VaiI points, and ". . . aiso exceeds in width any group of overlapping channel 



flakes on any face of a Vail fluted point'' (Grarnly 1984: 1 13). This contradicts a 

cornrnonly accepted hypothesis that the width of the channel flake scars of fluted points is 

a general reflection of the haft contact area (eg., Frison 1989; Huckell 1982; MusiI l988), 

in much the same manner that the distance between lateral or basal notches is a general 

reflection of the width of the hafis for these points (Corliss 1972; Forbis 1960; Thomas 

1978; Wyckoff 1964). 

If one considers the maximum width of channel flake scars as a reflection of hafl 

width, then a reasonable haft width range of 1.2 cm to 1.7 cm (see Table 6 )  may be 

considered for Clovis. 

Table 6. A sample of rnetric data for maximum width of Clovis channel-flakes, and 
charnel-flake scars. 

Similar data are available for Folsom points and suggests haft widths essentially within 

the same range as Clovis (Table 7). 

The use of a bone foreshafl in comection with Clovis points was suggested by 

Site or Generai 
Provenience 

Blackwater Draw 

Lehner 

Suns hine Well 

Dietz 

Southern Idaho 

Lahren and Bonnichsen (1974) based on materiais recovered fiom the Anzick site. These 

Note: Measures represent maximum width of channel-flakes, or channel-flake scars per 
face of each point. In some cases charnel-flake widths fiom both sides of a single point 
are included in the sarnple. 

Collection Location or Literature 
Source 

Denver Museum of Nat. History 

Arizona State Museum 

Nevada State Museum 

Oregon State Museum 

Titmus and Woods (1 99 1) 

Range 
(cm) 

0.8 - 1.8 
1.0 -2.1 

1.2 - 2.1 
0.7 - 2.9 
0.1 - 3.2 

Average 
(cm> 

1.2 

1.5 

1.6 

1.7 

1.7 

Sarnple 
S ize 

6 

8 

1 1  

7 1 

5 5 
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artifacts, generally tapered at one end and beveled at the other, were identified as 

foreshafts due to their association with several Clovis points, even though 'the contextual 

relations of the fluted points to the fore-shafls were destroyed, as they were exposed by a 

fiont-end loader . . ." (Lahren and Bonnichsen 1974: 148). Numeric data for the Anzick 

foreshafts are available from two complete spechens, and eight broken or hgrnentary 

pieces (see Table 8). It is uncertain whether fragmentary pieces represent distinct 

artifacts, or whether two or more fragments may represent a single foreshaft. These 

foreshafts range in width from 1.2 cm to 2.0 cm. Their average width is 1.79 cm. 

Table 7. A sarnple of metric data for Folsom channel-flake widths [ d e r  Boldurian 
1990:Table 131. 

Similar bone and ivory artifacts have also been recovered fiom the Tenana Valley, 

Alaska (Raney 1940); the Grenfel site, Saskatchewan (Wilmeth 1968); Lind Coulee, 

Washington (Daugherty 1956); the Richie-Roberts site, Washington (Mehringer 1989); 

Site 

-- 

Sample 
size 

Mean 
Width (cm) 
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Klamath Lake, Oregon (Cressman 1956); Goose Lake, California (Riddell 1973); 

Blackwater Draw, New Mexico (Hester, Lundelius, and Fryxell 1972; Sellards 1952); and 

several submerged deposits in FIorida (see Dunbar 199 1 ; Jenks and Simpson 194 1). 

Wilmeth (1968: 10 1) reports a cross-section of 1.5 cm by 1.25 cm for the Grenfel 

specimen. According to Daugherty (1956:253), the three Lind Coulee specimens rneasure 

1 -4 cm, 1.1 cm, and 1.5 cm in diameter. The Blackwater Draw specimen, though usually 

referred to as a "bone point" (Hester, Lundelius, and Fryxell 1972; Sellards 1952), is 

similar in size at 1.7 cm in diameter. A second specimen fiom Blackwater Draw, also 

identified as a bone point, is incomplete, but appears to be beveled on both ends, and 

measures 1.5 cm in diameter (Hester, Lundelius, and Fryxell 1972: 1 17). 

Table 8. Metric data for bone foreshafts from the Anzick site [after Lahren and 
Bonnichsen 1974:Table 11. 

Note: Only nurnbers 67 and 1 1811 19 are complete specimens. 
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Metric data, provided by the FIorida Museum of Naturai History, for 72 foreshafts 

from the Acuilla, Ichtucknee, Santa Fe, and SiIver Rivers, indicares a range of foreshaft 

diameters From 0.32 cm to 1.23 cm, with an average diameter of 0.50 cm. Note that these 

specimens average less than one haif the diarneter of the Lind Coulee and Blackwater 

Draw foreshafts, and one third the diarneter of those from Anzick. 

Huckell employed several replicated Clovis points and tapered, wooden foreshafts 

during his "Denver EIepbant Project" thnrsting-spear experiments. The foreshafts 

employed average 2.2 cm in diameter, ranging From 1.8 cm to 2.4 cm (Table 9), and were 

fitted to a spear shafi approximately 2.5 rn in length with a maximum diameter of 8 cm 

(HuckelI l982:Sl9). 

Table 9. Metric data for experimental Clovis points and foreshafis employed by Huckell 
for the "Denver EIephant Project" [after Huckell 198î:TabIe 1 1. 

During his experiments involving the use of Clovis weaponry on elephants at 

Hwange National Park, Zimbabwe, Frison (1989) employed six different CIovis p ro jede  

points with chokecherry (Prunus virginiana) foreshafts (Table 10). Chokecherry is 

cornmon on the High Plains, available in the necessary lengths and diameters, and is both 
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light and extremely tough (Frison 1989:768). These points and foreshafts were used in 

comection with mainshafts of chokecherry and a dense, but unidentified f i c a n  wood, 

employed as spearthrower darts. 

Employing mainshafts with weights of 365 g, 430 g, and 950 g, Frison's (1989) 

Clovis weaponry produced projectiles ranging fiom 395.1 g to 10 19.4 g, though he states 

that the 950 g mainshaft was "much too heavy" (Frison 1989:773). The most successfiil 

dart seems to have been foreshaft and point combination number 2 (fiom Table IO) and 

the 430 g mainshaft, for a total projectile weight of 474.7 g (cf., Fison 1993: 194). 

Table 10. Metric data for experimental Clovis points and foreshafts employed by Frison 
at Hwange Nationai Park, Zimbabwe [afler Frison 1989:Table 21. 

Reconstruction Data Based on Non-Paleoindian Archaeolo~ical and Ethnoara~hic 
Examples of Spearthrower Darts 

The size and weight ranges of spearthrower darts known from both archaeoIogica1 

and ethnographie collections world-wide, are extremely variable. In the Arctic, for 

example, spearthrower darts, mostly in the form of relatively heavy harpoons, may be as 



short as 105 cm (Eskirno, mean = 124 cm). In contraçt, Austraiian darts reach as rnuch 

as 330-340 cm in length (Aborigine, mean = 250 cm)(Stodiek 1993:211) and may weigh 

in excess of 800 g r a m  (Palter 1977:Figure 2). 

A study of spearthrower dart sizes and weights, based on archaeologicai specimens 

recovered fiom dry cave deposits in the American Great Basin and Southwest, was 

recently conducted by Hutchings and Briichert (1 997): 

Some of the lightest spearthrower darts have been recovered from dry cave deposits 
in the Amencan Great Basin and the Southwest; fmds fiom more than 130 sites 
noted several hundred dart hgrnents and several complete darts, which exhibit 
relative consistency in size, weight, and construction. These are relatively short at 
approximately 1 16 to 160 cm in length, and many, particularly those from 
Basketmaker deposits, would have weighed as little as 45 to 90 grams. 

Similarly, Spencer (1 974:Table 2) provides data for a replicated dart shaft based on 

specimens recovered from dry cave sites in the Great Basin. The total weight of his dart 

is given as "57 cm [sic]". 1 interpret Spencer's typographical error to indicate a weight of 

57 g. This is consistent with basketmaker dart weights, and the alternative, 57 ounces 

(1 6 16 g), assurning the numeric value is correct, is rnuch too heavy. 

Spearthrower darts employed ethnographicaily by Australian Aborigines may be the 

most variable of any region. Sizes and weights range from specimens comparable to 

those of the Southwestern Basketmaker, to the largest known, iron-tipped specimens 

which average 500 g r a m  (Cundy t 989: 1 12). Metric data fiom an Austraiian sample of 

293 ethnographic spearthrower darts was coliected by Paiter (1977). The average weight 

of these darts was found to be 246.3 g (Palter 1977: 163). Unfortunately, while Paiter 
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(1 977: 163) recorded an average dart length of 249.8 cm for the sample, no measures of 

dart diameter were reported. 

Metric data for the diameters of spearthrower dart shafk and foreshafts are available 

fiom the existing literature for North Arnerican sites in the Southwest, Great Basin, 

California, Mexico, Texas, and Florida (eg., Berry 1976; Cosgrove 1947; Cressman 1944; 

Cressman and Krieger 1940; Dailey 1970, 1976; Fenenga and Heizer 194 1 ; Gilliland 

1975; Guernsey 193 1 ; Guemsey and Kidder 192 1 ; Harrington 1933; Hanori 1982; Heizer 

1938, 1942; Janetski 1980; Jennings 1957; Loud and Hanington 1929; Pendleton 1985; 

Sai 1s 1986; Taylor 1966; Tuohy 1982). This material offers several hundred examples of 

complete darts and dart fragments Frorn more than 155 sites. In many instances, the 

metncs are provided by the author, though in some, diameters were derived fiom scaie 

photographs. To summarize these data, North American spearthrower dart mainshah 

recovered from archaeological contexts range fiom 0.8 cm to 1.9 cm in diarneter. The 

majority though, range from 0.9 cm to 1.3 cm in diameter. Likewise, foreshafts range 

from 0.6 cm to 1.9 cm in diameter, but most are approximately 0.8 cm to 1.1 cm in 

diarneter. Based on these data it is reasonable to suggest that a typical spearthrower dart 

from this survey area would have a mainshafl diarneter of 1.3 cm, and a foreshaft 

diameter of 1.1 cm. 

Modem spedower-hunter Steve Coleman, a well known and respected individual 

in the use of prehistoric weaponry (e.g., Becker 1993), has researched the spearthrower 

extensively. Having conducted h u m  fiequently for several years, he has become 

extremely proficient in the weapon's use. Coleman prefers a dart of 22 1 cm length, 
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approximately 1.1 cm in diameter, with a Clovis-style Iithic point between 20 g and 30 g, 

for a total dart weight of 240 g (Coleman: personal communication; cf., Becker 1993:4 1). 

Summarv of Haft Diameter Data 

Although the data indicate that spearthrower darts known from different parts of the 

world vary significantly, several important characteristics are suggested. The data most 

important to the experiments that follow are those concerning dart weight. Frison 

(1989:773) States that his expenmental950 g mainshafi was too heavy, and preferred a 

total dart weight of 474.7 grams for penetrating elephant hide. 

A Paleoindian dart shaft modeled after Basketmaker specimens would be 

inadequate for al1 but the smallest fluted points. Such a lightweight reed shah would not 

withstand the acceleration of a heavy Clovis point without flexing to the point of 

breakage. In addition, according to Frison's (1 989) experiment, it would not carry 

sufikient mass to penetrate elephant hide. 

The average dart weight of 246.3 g obtained by Palter (1977: 163) from a large 

Australian ethnographic sample is surprisingly close to the 240 g preference of practicing 

hunter Steve Coleman. The effectiveness of Coleman's darts are aptly described by 

Becker: 

Penetration was about 42" through the hog . . . Never in my 30 years of 
bowhunting had 1 seen an arrow put a big game animal down for keeps as quickly 
as Steve's 3,000 grain [approximately 194gl dart had Pecker 1993:42]. 

Although this account descnbes a slightly lighter dart, Becker notes that in hunting wild 

boar, notably a large-game species, Coleman's darts often penetrate the animal 
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cornpletely, whether through the chest cavity, or the shouider. This has also been 

observed while using lithic armatures (Co1ernan:personal communication). While the 

wild boan hunted by Coleman do not have the thick hide of an elephant, Becker's (1993) 

cornparison between the performance of darts and arrows suggests that the dart is an 

extremely effective weapon against large-game animals. 

It was noted above that the weight of the replicated haft is of prime importance to 

the experiments that follow, whereas the size is considered secondary. In most cases, the 

size will have little effect as long as the lithic points are presented to the targets in a 

reasonably realistic fashion. Grarnly's (1984: 1 13) hypothesis that hafts at the Vail site 

were 2.4-2.5 cm in diameter carmot be reasonably accepted as a n o m  for Clovis practice. 

The widths of many finished Clovis points are less than this, though their effectiveness 

can only be assumed based on the fact that they were indeed used. In such a large hafi, 

these points could not be presented to a target in a useful fashion since their lateral 

margins would not be exposed for contact (see Hutchings 199 1 :25). 

The diameters of bone and ivory %oreshafin reported from severd Pdeoindian 

sites Vary considerably. 1 am inclined to believe that many of these artifacts are not 

foreshafts at dl. The hafting mode1 proposed by Lahren and Bonnichsen (1974:Figure 3) 

appears clumsy and cumbersome, and the additional splint required to complete the haft 

has never been demonstrated to have existed. Some of these artifacts are, however, 

morphologically similar to Upper Paleolithic, Gravenian bevel-based bone points. The 

most reasonable assessment, therefore, seems to be that of Hester, Lundelius, and FryxeIl 

(1 972) and Sellards (1 952) who identiQ the specimens from Blackwater Draw as bone 
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points. 1 do not discount the possibility that more than one type of artifact is represented 

by this group of objects, perhaps having completely unrelated functions. For exarnple, 

Grarnly (1 993 5 9 )  has speculated that bone rods recovered fiom the Richey Clovis Cache 

in Washington may have been components of sled m e r s .  

Employing the hypothesis that channel-flake scars reflect the haft-contact area for 

Paleoindian armatures, one is again presented with a considerable range of hypothetical 

haft widths. Of the samples exarnined average measures of Ciovis channel-flake, and 

channel-flake scars reflect a relatively narrow range of variation, kom 1.2 cm to 1.7 cm. 

The thmsting-spear expenments conducted by HuckeII (1982) employed 

significantly larger foreshafh than the preceding Clovis data suggests. Four of Huckell's 

five foreshafts range from 2.2 cm to 2.4 cm., approaching the 2.4 cm to 2.5 cm diarneter 

of thnisting-spear shafts suggested by Gramly (1 984). Huckell does note certain design 

flaws related to the size and arrangement of his experimental mainshaft and foreshafts: 

It was found that penetration of the spear was generally stopped at one of two 
locations on the composite spear: the juncture of the foreshafi with the mainshaft. 
or the binding securing the point to the foreshaft [Hucke111982:220]. 

These problems suggest that while the design may be sturdy, a smaller diarneter foreshafl 

and mainshaft would aid penetration. Logically, this suggests that dart s h a h  should also 

be smaller. The subsequent experiment by Fison (1989) empIoyed slightly narrower 

foreshafts, but most were still larger than the 1.2 cm to 1.7 cm diarneter suggested by the 

sample channel-flake data. It is not surprising then that in connection with similar 

experiments Frison (1 992 :295) Iater noted a tendency ". . . to underestimate the strength 
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and flexibility of a wooden foreshaft and the binding elements to the extent that they were 

too bulky". 

An important consideration for proper performance of a dart shaft is the abiIity of 

the shafl to flex during the throw. A thick dart shafl with little ability to flex does not 

transfer energy eficiently, resulting in a loss of speed. It is aiso much more difficuIt to 

aim since the rotation of the spearthrower is transmitted directly to the shaft, rather than 

offset by its flexure. 

Based on this survey data, dart s h a h  and foreshafis of dry hemlock approximately 

1.3 cm in diameter were chosen for the experiments employed in this research, except 

where noted. These shafts produce an average completed "Clovis" dart weighing 

approximately 240 g. Other dart weights varied according to the parameters of various 

experiments, but generaily ranged from approximately 82 g to 545g. 

Effective Hunting Ranges 

For the most part, ethnographie data concerning the effective range and accuracy of 

the spearthrower is available only from Austraiia and the North American Arctic 

(Hutchings and Brüchert 1 997). Most accounts reflect the fascination that ethnographers 

held for the device and record long distance, competition-type throws. In most of these 

cases it appears that distances were ofien estimated rather than measured. In addition, 

where accuracy of the device was recorded, the observer's definition is often in question. 

Since accuracy is a relative term, some minimal description of target size and range is 

required, but is generalIy absent fiom the ethnographies. While some accounts clairn that 
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the device has been used with some degree of accuracy up to approximately 64 metres, 

the most diable evidence suggests that the majority of successful throws in hunting 

situations were at ranges between 10 m and 30 m, and that accuracy falIs off drarnatically 

beyond 27 m (Stodiek 1993 :2 1 1 ; see also Falkenberg 1968: 15-38). 

Data regarding practical hunting ranges and success rates are available £tom field 

studies of spearthrower equipment used in modern hunting situations (Hutchings and 

Brüchert 1997). The hunts were conducted by Steve Coleman, an experienced 

spearthrower hunter (see Becker 1993), who runs a wiid-boar hunting operation in 

Georgia, catering to hunters who use both the bow and the spearthrower. 

Based on 109 field trials (51 hits, 58 misses) under normal hunting conditions in 

both wooded and open environments, the data indicate that successful throws resulting in 

fatal wounds or serious disablement range from 3 m to 46 m, with an average of 15 m (s 

= 8.5 m). Few throws beyond 23 m are successful. Misses ranged fiorn 6 m to 54 m, 

with an average of 24 m (s = 14.3 rn) (Hutchings and Brüchert 1997). 

As target sizes increase, the effective range of the spearthrower increases only 

slightly. This is because more massive muscle and skeletal structures usually protect 

larger game, thus the need to hit vital organs becomes more critical. One would not 

expect a mammoth, for example, to represent an easy target due to its heavy coat, thick 

hide, and massive ribcage. Note also that long distance shots, or lobbing projectiles into a 

herd of anirnals, unless launched in massive volleys into a very tightiy packed herd, is 

generally dismissed as an ineffective hunting method (e.g., Frison 199 1 :297). 
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Based on this data, a distance of 15 m was selected to represent an average practicai 

spearthrower range. 

Spearthrower Experiments 

Most researchers agree that hunters genedly prefer to limit the distance to their 

target as much as possible since this ailows a flatter trajectory, improved accuracy, and 

greater chance of success. Despite this, a comrnon error in spearthrower research has 

been the caiculation of projectiIe velocities fiom maximum throwing distance (e.g., 

Browne 1940; Butler 1975; Dickson 1985; Fenenga and Heizer 1941 ; Grant 1979; Hi11 

1948; Howard 1974; Mau 1963; Peets 1960;Van Buren 1974), employing a basic vacuum 

ballistics formula where velocity (v) is equal to the square-root of the product of the 

distance thrown (d), and the acceleration of gravity (G): 

Butler (1 975) has employed distance data derived fiom the works of Browne 

(1 940:2 13), Peets (1 960: 109), and Howard (1 974: 104), to compute dart velocities ranging 

fiom 20.5 to 26.9 d s .  Similady, Cotterell & Kamminga (1 990: 168) calculate that a 

velocity greater than 3 1 m/s would be required to cast a dart 100 metres. 

Tolley & Barnes (1979: 162) found that the distance a dart could be thrown is more 

a function of its aerodynamics than any property of the spearthrower: consider, for 

exarnple, that experienced basebail pitchers and javelin throwers routinely use lift to their 
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advantage. This suggests that velocity estimates derived £tom distance data are inadequate 

for an accurate assessrnent of spearhrower performance. Simplified ballistics models 

based on maximum throwing distance assume ideal trajectories, ignore aerodynamic 

effects, and represent only an initial thrust rather than a downrange velocity representative 

of hunt-related target ranges. 

Dart and Javelin Velocity Measurements 

Lùnited data representing rneasured dart velocities c m  be found in the existing 

literature. Using both a radar gun and photographic equipment, Raymond (1 98 6:Figure 

15, TabIe 3) recorded average velocities of 25.3 and 2 1.6 m/s respectively, for a 70 g dart. 

Also using photographic equiprnent, ToIley & Bames measured velocities "in the 

neighborhood of 40 meters per second (as measured I S  meters downrange), varying 

plus or minus 6 rneters per second" (1979: 172, emphasis added) for an unknown nurnber 

of darts which ranged from 68 to 190 g. Carrère & Lepetz (1 988), employing a 

photoelectric timing device, arrived at maximum velocities of 25.4 and 32.9 d s  for darts 

of 150 and 50 g respectively, at a downrange distance of 2.5 m. Likewise, Bergman et al. 

(1988) measured a velocity of 23 m/s for a 195 g dart, using an MSI photoelectric device. 

The considerable range of measured and calculated velocities reported in the current 

literature, prornpted an independent investigation of spearthrower dart velocity. 

Velocity Experiments 

Kinesiological studies of throwing technique indicate that more than half of a 

spear's final velocity can be attributed to rotational accderation from the wrist and 
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forearm (Cooper & Glassow 1968: 122); the same is true for the spearthrower dart. In 

comparison, there is Little velocity imparted by the straight-armed sweeping motion 

described by Browne (1 940:2 1 1). 

The contribution of wrist rotation and the importance of proper throwing technique 

was also evident in a series of tests conducted by Hutchings and B ~ c h e r t  (1997), which 

employed two international cornpetition-level javelin throwers. 

Some instruction and practice time was afXorded, and although their performance 
improved rapidly with experience, an initial lack of farniliarity limited their ability 
to adapt the style of Wisr rotation required with the spearthrower, as opposed to the 
more familiar javelin. In the end, despite their proven, highly developed throwing 
abilities, the velocities achieved by an experienced spearthrower-user averaged 129 
to 17 1 % greater than those of the javelin throwers [Hutchings and Brüchert: 19971. 

This demonstrated the need to develop a reasonable degree of proficiency with the 

spearthrower pnor to any investigation of spearthrower dart velocities. Several months, 

constituting well over one hundred hours of technique development and target practice 

were spent in preparation for the dart velocity experiments. 

A photographic apparatus was designed to measure in-flight velocities both at 

launch, and downrange at a distance of 15 m. The 15 m target range was chosen for three 

reasons: (1) it represents the average successfiil hunting range derived fiom the Coleman 

data (Hutchings and Brüchert 1997), (2) it is within the range of successful hunting 

throws recorded in the ethnographie literature, and (3) it is the sarne range tested by 

Tolley and Barnes (1 979) during a similar experiment, and would therefore contribute to 

an existing, albeit limited, body of data. 



The spearthrower darts were fitted with a small light source, and thrown and 

photographed at night, using slow shutter-speeds. The result is a series of exposures that 

record an unddating streak of light indicating the flight path of the dart over a known 

exposure tirne, either one-eighth, or one-fifieenth of a second. Additional light sources, 

recorded on each negative, were placed at known distances dong the flight line to provide 

a scale for measurement of the light streak (Figure 13). 

The photographie apparatus employed two 35 mm still carneras, mounted 90 

degrees to the flight line. The Conta.. RTS II camera employed in these experiments is 

equipped with a "Real Time System" digitally controlled, vertical travel, titaniurn shutter 

flight Iine @de) 

lighr streak AB 
from dart 

Figure 13. Schematic arrangement of apparatus employed for tirne- 
lapse photography of projectile flight. Projectiles are launched from 
point c and photographed at two locations dong the flight line. The 
light-streak recorded by the first camera represents the initial launch 
velocity, while that recorded by the second camera represents a 
decelerated velocity at a theoretical, effective hunting range. Projectile 
flight speed is calculated, for example, as ABIcd rnultiplied by the 
reciprocd of the exposure t h e .  Assessed in this manner, the resulting 
measures represent an average velocity during that portion of the flight 
represented by the light-streak. 
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mechanisni governed by a high-precision quartz-crystal oscillator. A bench-test of the 

Contax RTS II by Goldberg and Frank (1983), detennined the percentage error associated 

with a range of shutter speeds embracing those employed during these experiments. 

During pre- and post-torture tests, Goldberg and Frank (1983) measured a i l  percent 

(slow) error for the one-eighth second shutter speed, and a -6 percent (fast) emr  for the 

one-fifieenth second shutter speed. By cornparison, the A N S 1  shutter-accuracy standard 

is +/- 25%, making most other types of 35 mm cameras unsuitable for this type of 

research. 

The tests employed seven different dart masses ranging from 82.9 g to 545.3 g 

(Table 1 1 ). Darts were made from 1.3 cm diameter dry hemlock, and were of two-piece, 

composite construction. The 122 cm mainshafts and 61 cm foreshafts were slightly 

tapered on one end to accommodate a connector-sleeve made from a 7.6 cm length of 

PVC tubing with an inside-diameter of 1.2 cm. Dart masses could be adjusted by adding 

weighted metai sleeves to the shah.  The spearthrower employed in these experiments, 

was a rigid, unweighted male type made of spruce, with double finger-loops of leather. It 

is 65.4 cm in total length, 52.1 cm fiom the center of the fmger-loops to the tip of the 

bone engaging-hook, and weighs 149.5 gram. 

The darts were launched in level flight, at an imaginary target approximately 1.5 rn 

to 2 m high, beyond the end of the flight-line. It is assumed that people employing the 

spearthrower for subsistence would have the skills necessary to combine power and 

accuracy. An imaginary target was therefore chosen over an actual target, to reduce any 



concems about accuracy during the experiment that rnight limit efforts towards a 

powefil throw. Both stationary and ninning throws were made. 

Table 1 1. Descriptive statistics for dart velocity tests measured just after launch. The 
102.1 g dart was constructed of smaller pine dowel 1 14 cm long, and 0.9 cm in diameter. 
The aerodynamic effect fiom reduced surface area undoubtedly contributed to its higher 
velocity. The manually-controlled photographic apparatus made it dificult to capture 
both initial Iaunch, and domange velocities for every shot, resulting in fewer downrange 
data-points. The data presented are initial launch velocities; 15 m downrange velocities 
decrease by 9.6 +/- 1.9%. 

The results indicate that initial velocities of more than 55 m / s  are readily attainable, 

even with darts up to 273.4 g, and that velocities 15 m downrange can ofien exceed 40 

d s  (Table 1 1). The highest average velocity of 47.5 m/s  (approximately 43 rn/s at 15 m 

downrange) was achieved with a dart weighing 102.1 g. This dart was constructed of 

smaller pine dowel 1 14 cm long, and 0.9 cm in diameter. The aerodynamic effect of its 

reduced surface area undoubtedly contributed to its high velocity. Of the standard test 

darts, the highest average velocity of 43.2 m/s (approximately 39 m/s at 15 m downrange) 

was achieved with a dart weighing 222.0 g, and an average velocity of 36 m/s 

Weight 
(9) 

81.9 

, 102.1 

, 222.0 

, 273.4 

. 382.0 

500.0 

545. 3 

~elocity 
Range (mk) 

35.8 - 42.8 

37.4 - 57.3 

34.9 - 56.1 
34.9 - 64.0 

28.2 - 48.6 

28.7 - 43.6 . 

77.4 - 53-2  

Average 
Velocity 

W s )  

41 .O 

47.5 

43.2 

42.5 

33.8 

34.4 

36-0 

CoeEcient 
of vanation 

0.06 

0.10 

0.09 

0.12 
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(approximately 32.5 mis at 15 rn downrange) was attained with the heaviesr dart tested, at 

545.3 g (Table 11). Downrange values at I5 rn were calcdated based on an average 

velucity decrease of 9.6% * 1.9%. 

The 222 g dart was the best matched projectile ernployed in these tests. îha t  is to 

Say that its Iength, weight, and flexibility (Le., "spine") were betrer suited to the properties 

of the spearthrower, and the technique of the user (see Kiopsteg 1943), and thus account 

for its superior performance. Like an arrow on a bowstring, a dart flexes due to the 

acceleration of the spearthrower during the throw, and continues to oscillate throughout 

most of its fIight, producing the undulating Iight streak recorded by the photographie 

apparatus. The oscilIation of an idedly matched dart allows it to spring away from the 

engaging hook at a critical moment, after maximum acceleration of the spearthrower, that 

adds to its overall efficiency (Cundy 1989:64-69; Perkins 1992). 

In cornparison, a similar study involving hand-thrown spears of the sarne materiais, 

dimensions, and of comparable weights indicates that velocities previously attributed to 

spearthrower dam (cf., Butler 1975; Bergman, McEwen and Miller 1988; Carrère and 

Lepetz 1988; Raymond 1986) are in fact attainable without the aid of that device at al1 

(Table 13). 

The velocities derived from these experiments were empioyed as benchmarks for 

the lithic armature impact experiments which follow. A speed of 25 m/s was chosen to 

represent javelin impact velocity at a theoretical downrange distance of 15 m, while 

speeds of 35 d s  and 45 d s  were chosen to represent dart impact velocities at the same 

range (aithough tests at 45 m/s were subsequently deemed unnecessary). 



Table 12. Descriptive statistics for hand-thrown spear velocity tests as measured 15 m 
downrange. 

There is of course no way to know whether these projectile velocity data are 

representative of a Paieoindian humer's abilities. Rather, they are accepted as a necessary 

and reasonable approximation of relevant system parameters, used as experimentai 

controls, that allow cornparison between technologies. 

Fracture Velocity Experiments 

A series of controlled experiments were conducted to assess the range of fracture 

velocities associated with lithic bifacial points used to arm spears, javelins and darts. In 

order to achieve repeatability during the experiments, some form of mechanism was 

required to maintain consistency over projectile velocity and target accuracy. A nurnber 

of options were investigated including the use of a modem, commercial crossbow, and a 

diver's pneumatic spear gun; neither were found to be powerfbl enough to launch heavy 

spearthrower darts at velocities approaching 40 m/s. A gravity-powered, &op-testing 

apparatus was built and tested, but was deemed unsuitable since the nature of the impact 
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forces were not a reasonable approximation of the desired system. Other devices suffered 

6om similar problems, or were sirnply impractical. 

Failing to locate and adapt any cornmerciaily available device, it was necessary to 

design and build a shooting machine capable of launching heavy darts at a wide range of 

velocities. The result was essentially a large, mounted crossbow with an adjustable draw 

length. The main platform, supporting legs, and trigger mechanism were constructed 

fiom heavy gauge alurninum by the Simon Fraser University Machine Shop. The 

fibreglass bow limbs were constructed by bowyer Lany Courchaine of Checkmate 

Archery, Abbottsford. The machine has a maximum draw weight of approximatety 450 

Ibs, and employs a bowstring of 2.38 mm diameter, 920 Ib test stainless steel aircraft 

cable. A boat trailer winch, mounted at the rear of the main platform, is used to draw the 

bowstring back to its locked position in the trigger mechanism. Dart velocities are 

adjusted by altering the position of the trigger mechanism dong the main piatform, and 

thereby aitering the draw length. 

In some experiments. where lower projectile velocities were required, or Iigbter 

projectiles were used, a compound bow with a draw weight of 45 Ibs was substituted for 

the shooting machine. Relative consistency was achieved by marking the dart or arrow 

s h a h  with the desired draw length necessary to produce a specific velocity. 

Dart velocity was measured with a customized archery Speedtach chronometer, 

manufactured by Custom Chronometer of Sumas, Washington. This photo-electric 

device is designed to measure projectile velocities ranging from those of arrows, to srnail- 

caliber firearms, and is accurate to one foot per second (approximately 0.3 d s ) .  The 
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Speedtach was optimized for these experiments by the manufacturer to accurately 

measure spear velocities as low as approximately 36 feet per second (1 1 d s ) ,  wbich are 

normalIy below the Speedtach's accurate range. 

In removing the projectiles fiom their normal system of operation and employing 

the shooting machine, or compound bow, several important benefits were reaiized- The 

most important of these was a relatively precise control over the flight path of the 

projectile. A major disadvantage of the spearthrower is that at close range the device is 

not very accurate. This is due largely to extreme flexure of the dart shafi during the initiai 

stages of the throw. After release the dart shafi continues to oscillate throughout its 

flight, but at a greatly reduced amplitude after the fmt  several metres. This created three 

major problems which were solved by employing the shooting machine and compound 

bow. First, the test range would need to be very long in order to give the dart shafr 

enough time to settle into relatively stable flight. This also meant that the Speedtach 

could be no closer than approximately 10 nl since the osciIlating s h a h  would strike the 

sky-screen windows of the photo-sensors. This created a second problem in that, at that 

distance, the Speedtach itself was at great risk of being severely damaged by an errant 

shot. The third problem was that longer ranges would require the use of much Iarger 

targets to prevent accidental darnage to the test armatures. 

The shooting machine does not seem to impart as much flexure to the dart shafts as 

the spearthrower does, perhaps since the dart is restricted fiom reflexing by the platforrn 

of the machine itself. Regardless, the accuracy of the system is suficient to clear the sky- 

screens of the Speedtach, and to target an area approximatety five centimeters in diameter 
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at a range of four metres. ïhe  actual distance fiom the shooting machine to the target was 

kept to a minimum, dictated by the lengths of the projectile and the Speedtach housing. 

For exarnple, the shooting machine and the target were both spaced approximately one 

projectile length fiom opposite ends of the Speedtach. This permits the velocity of the 

projectile to be measured afier complete acceleration (Le., after the projectile has 

separated from the bowstring). For practical purposes, a little extra distance was afforded 

between the Speedtach and target to prevent darnage to the chronometer fiom a 

rebounding projectile. In most cases, therefore, the range fiom bowstring to target was 

limited to approximately three and one half meters. The stable flight, and accuracy of the 

device, also permitted the use of much smaller targets. Except where othenvise noted, 

targets for the controIled experiments consisted of several layers of fresh beef ribs 

supported by straw-bail backstops. 

A brief series of 12 trial shots employing a 230 g dart suggests that shooting 

machine velocities are consistent to within a range of five feet per second at an average 

velocity of 1 19.7 feet per second (36.5 mis). Recorded velocities ranged from 1 18 feet 

per second (36.0 d s )  to 123 feet per second (37.5 mk) (coefficient of variation = 0.01; 

standard error = 0.41). Similar consistency was observed during the armature fracture 

velocity experiments. 

The darts employed in these experirnents were identical to those used in the dart and 

javelin velocity experiments. They were of two-piece construction consisting of a 

fletctied, 122 cm long mainshaft and a 40 cm foresha  both of 1.3 cm diameter dry 

hemlock. A 7.6 cm length of PVC tubing with a 1.2 cm inside-diameter was used to 
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connect the slightly tapered mainshafts and foreshah. When required, weights were 

made from various lengths of 1.35 cm inside-diameter copper tubing, slipped over the 

foreshafi and shaft, and secured with fiction tape. 

During the production of dart armatures, the aim was to fashion Buted Clovis point 

replicas. Since a large number of points were necessary to complete these experiments, 

rather than discard usable points that did not conform with the Clovis template due to 

mistakes during manufacture, a variety of styles and sizes were ultimately employed. In 

addition, points were often recycled after being used and damaged, producing smaller 

points, sometimes fluted, sometirnes not. All spear, javelin, and dart armatures were 

fashioned fiom Glass Butte obsidian. 

Results of the Dart Armature Lithic Fracture Velocity Tests 

Darts ranging fiom 166.7 g to 295.6 g (X = 243.8 g) were employed for this series 

of projectile armature fracture velocity experirnents. Projectile velocities for the dart tests 

averaged 35.6 m/s (s = 1.44 m/s; coefficient of variation = 0.04). Kinetic energies ranged 

from 1 16.5 Joules to 165.1 Joules (X = 147.0 Joules). Fracture velocity data recovered 

from 53 dart armatures (Tables 13 and 14) produced CIC, ratios ranging fiom 0.12 to 

0.58, indicating fracture velocities spanning the rapid (3 8%) and dynamic (62%) loading 

rate regimes (Figure 14). Summary statistics for dart armature fracture velocities are 

presented in Table 15. The distribution of fracture velocities associated with dart impacts 

is presented in Figure 15. 



9 1 

The fact that high-speed projectile impact. do not aiways produce dynamic regime 

fractures indicates that the docurnenting of fracture velocity data for a single point may be 

insficient to identifj the technological cause of a fracture. Note that the CIC, ratios 

derived from the dart tests which reflect rapid loading rates actually span the fidl range of 

hcture  velocities associated with Stone tool manufacture. This suggests that the impact 

fracturing of lithic projectiles is a complex process which involves more than just those 

fractures caused by the extreme force of sudden impact. In fact, an examination of highly 

fragrnented points suggests that a series of subsequent fractures may occur afkr the initial 

impact. These rnay range fiom percussion fractures to actual pressure fkctures as broken 

and shattered armature fragments are pressed into one another during the iater stages of 

target penetration. It is, therefore, theoretically possible to document a broad range of 

CIC, ratios from different fracture surfaces arnong the fragments of a single dart 

armature that might span the entire range of fracture velocities associated with dart 

impacts. 
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Table 13. Dart armature fracture velocity (c) data fiom the controlled impact 
experirnents. Cz is based on Glass Butte obsidian at 3865 d s .  
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Table 13 (continued). Dart armature fi-acture velocity (c) data from the controlled 
impact experiments. C2 is based on Glass Butte obsidian at 3865 d s .  

3.6 0:7 22.5 granite 

2.9 1.0 33.6 beefrib 
4.4 1 1 .O 1 49.1 1 beef rib 
3.1 1 0.9 1 19.7 1 beef rib 
3.9 1 0.9 1 38.0 1 beef rib 

near 
31.1 240.8 116.5 114.0 term. 0.54 2105 
34.7 252.3 151.9 113.3 - 44 0.55 2125 

Table 14. Dart armature fracture velocity (c) data fiom the manual impact experiments. 
Projectile velocity was not recorded. is based on Glass Butte obsidian at 3865 d s .  



Table 14 (continued). Dart armature fracture velocity ( C) data fiom the manual impact 
experiments. Projectile velocity was not recorded. is based on Glass Butte obsidian at 
3865 m/s. 

During these experiments, armatures that rnay have penetrated several inches of 

flesh, but failed to contact bone were rarely damaged. The beef nb  target lacks the hair 

and hide of a real animal target, and one can only speculate on how this might affect the 

experimental results. 

Darts used for hunting may be expected to miss their target occasionally by mistake. 

As a means of explonng the effect that target density rnay have on dynamic fracture, a 

lirnited series of tests were made employing a Stone target rather than beef nbs. Six of 

the darts included in these tests were shot into a quartzite target by hand, using the sarne 

spearthrower employed in the dart velocity experiments; projectile velocities were not 

recorded. These darts ranged from 274.5 g to 295.6 g. A seventh dm, weighing 227.4 g, 

was shot into a granite target at 35.7 m/s using the shooting machine. In most cases, the 

lithic armatures were shattered, and the foreshafts severely darnaged. Interestingly, CI C, 

ratios for these tests range from 0.27 to 0.54; completely within the normal range of 
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Figure 14. Comparison of experimental lithic fracture velocity ranges associated 
with various reduction (manufacturing) technologies and armature impacts. Fracture 
velocities are based on a C? value of 3865 m / s  for Glass Butte obsidian. 

fracture velocities associated with the softer beef rib targets. While the sarnpte is very 

small, it suggests that target density may have a much reduced effect on fracture 

velocities in the dynamic regime than was observed for the quasi-static and npid regimes 

during the manufacturing experiments. 
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Table 15. Basic descriptive statistics for armature fiacture velocities (c). 

Sample Size: 

Minimum: 

Maximum: 

Average: 

I Median: 11 1663.93 l"""dxd Deviation: 1513.75 

Standard 
Error: 11 70.57 

1 Skewness: 11 -0.57 

Coefficient 
of Variation: 1) 0.33 

Arrows 1 Javelins 1 Spears 1 Dropped 

454 708 962 1216 1469 1723 1977 More 

Fracture Velociîy ( d s )  

Figure 15. Frequency distribution of dart armature fracture 
velocity (c) data. Note tnincation at the upper end of the 
distribution, and the considerable negative skew. 



Results of the Javelin Armature Lithic Fracture Velocitv Testq 

Javelins ranging fkom 137.4 g to 296.4 g (X = 192-7 g) were employed for this 

series of projectile armature fracture velocity experiments. ProjectiIe veIocities for the 

javelin tests averaged 25.1 d s  (s = 0.57 d s ;  coefficient of variation = 0.02). Kinetic 

energies ranged fiom 43.3 Joules to 97.0 Joules (x = 60.8 Joules). Fracture velocity data 

recovered fkorn 45 javelin armatures (Table 16) produced CI C, ratios ranging h m  0.03 

to 0.38, indicating fiacture velocities spanning the quasi-static (4.4%), rapid (91.2%), and 

dynamic (4.4%) loading rate regimes (Figure 14). Notably, only two javelin armatures 

produced fracture velocities in the dynarnic regime, and both were borderline, with C/C, 

ratios of 0.38. Surnrnary statistics for javelin armature fracture velocities are presented in 

Table 15. The distribution of fracture velocities associated with javelin impacts is 

presented in Figure 16. 

As with the dart tests, a series of 10 shots were made employing denser targets of 

granite and quartzite rather than beef ribs. These javelins ranged fiom 145.8 g to 242.2 g, 

and were fired under controlled conditions at velocities averaging 24.9 d s .  In most 

cases, the lithic armatures were shattered, and the foreshah severely darnaged. The 

CIC, ratios for these tests range frorn 0.17 to 0.38, which is within the normal range of 

javelin armature fracture velocities associated with the softer beef rib targets. This again 

suggests that target density may have a reduced effect on hcture velocities even at the 

upper range of the rapid regime. More importantly, it suggests that regardless of the 



target, whether intentional or accidentai, most lithic hcture velocities for javelin 

armatures will not exceed those of the rapid loading regime. 

Table 16. Javelin armature fncture velocity (c) data firom the controlled impact 
experiments. C2 is based on Glass Butte obsidian at 3865 m/s. 
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Table 16 (continued). Javelin annature fracture velocity (c) data fiom the controiled 
impact experiments. CI is based on GIass Butte obsidian at 3865 d s .  

beef rib 1 25.0 1 237.6 1 74.2 
beef rib 1 25.6 1 146.0 1 47.8 
beef rib 1 25.0 1 264.6 1 82.7 

beef rib 1 25.6 1 296.0 1 97.0 
beef rib 25.3 243.8 78.0 
beef rib 25.0 156.1 48.8 
beef rib 24.4 289.4 86.1 
beefrib 25.0 235.1 73.5 
auartzite 25.3 239.5 76.7 
beefrib 25.3 241.9 77.4 
quartzite 25.6 242.2 79.4 
beef rib 24.4 156.4 46.6 
beef rib 25.9 243.3 81.6 
granite 25.0 154.9 48.4 
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Frequency distribution of javelin armature 
fracture velocity (c) data. 

Results of the Suear Armature Lithic Fracture Velocity Tests 

Spears ranging fiom 257.7 g to 335.3 g (x = 283.9 g) were ernployed for this series 

of armature f'racture veIocity experirnents. Spears were thrust rnanually, with as much 

force as possible, into beef rib targets. Fracture velocity data recovered fiom 32 spear 

armatures (Table 1 7) produced c l  C, ratios ranging h m  0.02 to 0.2 1, indicating fracture 

veIocities spanning the quasi-static (56%) and rapid (44%) loading rate regimes (Figure 

14). Again, none of the spear armatures produced fiacture velocities in the dynarnic 

regime. In fact, 84% (27 of 32) produced fracture velocities within the range of those 

observed for pressure flaking. Surnrnary statistics for spear armature fracture velocities 

are presented in Table 15. The distribution of hcture velocities associated with spear 

impacts is presented in Figure 17. 

Almost al1 impact fractures generated during this series of tests were of the large, 

tip-hcture type, best described as a flute-like hc tu re .  While some of these tended to be 
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narrow and long, most were broad and relatively indistinguishable fiom a txue flute, if not 

for the location of their origin. 

Table 17. Spear armature hcture velocity (c) data fiom the rnanuai impact 
experiments. Projectile velocity was not recorded. is based on Glass Butte obsidian at 

58.4 1 beef rib 
89.4 beef rib 
3 3 .O beef rib + 
29.8 1 beef rib 
19.3 1 beef rib 

beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef nb 

38.0 beefrib 
13.4 beef rib 
39.2 beef rib 
16.5 beef rib 
54.7 beef rib 



Table 17 (continued). Spear mature hcture velocity (c) data kom the manual impact 
experiments. Projectile velocity was not recorded. & is based on Glass Butte obsidian at 

3865 d s .  
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beefrib 1 303.8 1 165.7 
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7.7 
10.7 
11.7 
9.8 
11.3 
5.6 

10.4 
10.3 
8.4 
11.7 

beef rib 1 287.8 1 163.5 
beef rib 1 276.8 1 161.7 
beef rib 1 296.9 1 155.7 

My expectations had been ttiat there would be relatively little difference between 

the fracture velocities associated with spears and javelins, but in retrospect, two important 

factors offer probable explanations for the differing results. The first is that a javeiin 

throw benefits from a higher velocity impact as a result of the wrist rotation associated 

with throwing (Cooper & Glassow 1968: 122), whereas the velocity of the spear cornes 

mainly from the reIatively slow acceleration of the foreann and shoulder. 

The second factor may be a direct result of the nature of the loading event itself. 

Unlike a projectile which relies on its own rnomenturn to penetrate a target and is spent 

d e r  impact, the th s t ing  action associated with the spear is continuous. The user 

maintains the thrust through contact with the shaft until the extent of the thrust is reached, 
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Figure 17. Frequency distribution of spear armature fracture 
velocity (c) data. 

or the tip is stopped by contact with bone. The result is that when bone is stmck, the 

contact is followed by rnomentary continued pressure as the user atternpts to complete the 

ttinist. This may explain why most thmsting spear impacts reflect quasi-static loading 

rates (Le., resulting in pressure-type fractures), rather than loading rates in the rapid 

regime. 

Results of the Arrow Armature Lithic Fracture Velocity Tests 

A senes of tests were conducted on arrow armatures to explore the effects that 

projectile velocity versus kinetic energy might have on lithic fracture velocity. The intent 

here is to explore the nature of brittle fracture in projectile armatures, and not to imply 

that the bow and arrow rnay have been in use during the Paieoindian penod. 

Most of the light-weight projectiles emptoyed in the arrow tests consisted of smaller 

armatures mounted on 9 mm diameter tapered hedock foreshah (1 5 cm in length), 
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connected to 9 mm diameter socketed pine shafts (80 cm in length). m e r s  were 

rnounted directly to the pine s h a h  (80 cm in length). Completed arrows ranged fiorn 

44.5 g to 55.8 g (X = 49.8 g) and were fïred into beef rib targeis with a 45 Ib draw weight 

compound bow. Projectile velocities ranged frorn 33.5 mis to 46.6 m/s (X = 39.2 d s ) .  

Kinetic energies ranged from 30.0 Joules to 48.3 Joules (X = 38.2 JouIes). Fracture 

velocity data recovered frorn 15 arrow armatures (Table 18) pmduced CI C, ratios 

ranging fiorn 0.20 to 0.56, indicating fiacture velocities spanning the rapid (46.7%) and 

dynamic (53.3%) loading rate regirnes (Figure 14). Surnmary statistics for arrow 

armature fracture velocities are presented in Table 15. The distribution of fkacture 

velocities associated with arrow impacts is presented in Figure 18. 

Fracture velocity data recovered from the arrow armatures compare favorably with 

that of the dam.  Considering that kinetic energies for the arrows were les. than one third 

that of the dam, and approximately half that of the javelins, one must conclude that 

impact velocity is the essential variable affecting fracture velocity, rather than kinetic 

energy . 
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Table 18. Arrow armature fracture velocity (c) data h m  the controlled impact 
experiments. C2 is based on G l a s  Butte obsidian at 3865 mls. 

-5 
c D n  
5 
cl- 

beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 
beef rib 

beef rib 

77 1 1239 1707 More 

Fracture VelocQ ( d s )  

Figure 18. Frequency distribution of arrow armature fracture 
velocity ( C) data. 
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It is reasonable to expect that projectile armatures, either hafled or un-hafted, were 

occasionaily subjected to accidental abuse by their prehistoric owners. The most 

probable area of impact for a hafted armature would be the distal lateral rnargins and tip, 

and this may result in darnage rnorphologically indistinguishable fiom intentional use. A 

series of tests were therefore conducted to explore the effects of accidentai dropping of 

armatures ont0 a hard surface. 

Al1 armatures were hafled as spearthrower darts, and dropped fiom a height of two 

metres, tip first, ont0 an andesite boulder. Their velocity upon impact was estirnated at 

6.3 mis. Totai weights ranged frorn 225.3 g to 244.6 g (X = 232.1 g), and their kinetic 

energies ranged fiom 4.4 Joules to 4.8 Joules. Most damage was in the form of classic tip 

fractures; a single armature was shattered, and two suffered burinated laterai rnargins. 

Fracture velocity data recovered fiom 15 armatures (Table 19) produced CI C, ratios 

ranging fiom 0.14 to 0.36. indicating fiacture velocities within the rapid loading rate 

regime. Summary statistics for dropped armature fracture velocities are presented in 

TabIe 15. The distribution of fiacture velocities associated with drop impacts is presented 

in Figure 19. 



Table 19. Dropped armature fracture velocity (c) data fÏom the controlled impact 
experiments. C1 is based on Glass Butte obsidian at 3865 m/s. 

0.8 (25.2 1 andesite 
0.8 127.8 1 andesite 
6.9 127.4 1 andesite 

0 5  1 8.2 ] cancrete 

An additionai experimental arrow armature (number 12) was accidently dropped, tip 

first, onto a concrete floor from a height of approximately one metre during an unrelated 

series of tests. The 46.7 g arrow smck the concrete at approximately 4.4 m / s  with an 

estirnated kinetic energy of 0.5 Joules. A C/C* ratio of 0.41 was obtained from the 

fiactured tip. Unlike the specimens intentionaily dropped during this series of tests, the 

fiacture velocity obtained fkom the arrow armature lies within the low end of the dynarnic 

loading rate regime. While this may suggest that dynamic tiactures are possible on 

dropped armatures, 1 do not readily accept this conclusion based on a single data point. It 
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Fracture Velocity ( d s )  

Figure 19. Frequency distribution of dropped armature 
fracture velocity (c) data. Note considerable negative skew. 

may be significant that this armature had previously been shot several times into a beef 

rib target without i n c b g  any observable damage. In retrospect, it now seems Iikely 

that the specimen had been partially (internally) fractured by one of the previous target 

impacts, and that contact with the concrete floor simply finished the job. This seems a 

reasonable conc1usion considering the data derived from this, and the other low-speed 

projectile experiments. 

Discussion 

The results of the lithic fracture velocity experiments clearly indicate that differing 

projectile technologies expose lithic armatures to loading rates of different magnitudes. 

Significantiy, they demonstrate that the lithic armatures of hand-thrown or thnist weapons 

incur fi-actures at rates corresponding to the quasi-static and rapid loading rate regimes, 

whereas oniy those Iithic armatures propelled at very high speeds, such as those 
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associated with the spearthrower and bow, will incur hctures in the upper range of the 

dynamic regime. The revised correIation of loading rate regimes and associated lithic 

reduction technologies may now be modified to include use-damage resulting from 

armature impacts (Table 20). 

Table 20. Revised correlation between loading rate regimes, associated lithic reduction 
technologies or use-damage qpe.  and maximum instantaneous crack velocities (c)* 

based on experimental results. 

Loading Rate 
Regimes 

Rapid 

- - -  

Dynamic 

Reduction Technology or 
Use-damage 

Pressure (chest) 
Spear Armature 
Pressure (hand) 

Javelin Armature 
-- 

Pressure (hand) 
Spear Armature 

Indirect Percussion 
Soft-hammer Percussion 

JaveIin Armature 
Dart Armature 

Hard-hammer Percussion 
-4rrow Armature 

- 

Arro w Armature 
Dart Armature 

I 

Cz value for G l a s  Butte obsidian at 3865 d s .  

- 

- 

1 

O - ?  
77 - 385 

115 - 385 
1 115-385 

at maximum instantaneous crack velocities ( C) have been calculated based on a 

A nonpararnetric randomization test (Siegel 1956: 152-1 58) was conducted to 

determine the significance of the difference between the sample means of the 

experimental data. Despite the overlap in instantaneous crack velocities apparent in 



Figure 14, the randomization test arnply demonstrates the independence of the samples 

(Table 2 1). 

Table 2 1. Combined results of two-tailed randornization test for significant difference 
between independent samples. Values ofp are presented for 10,000 partitions. In al1 but 

the darts vs. arrows, and the javelins vs. dropped sarnples, significant differences are 
indicated at a confidence level better than 99%. 

The fracturing processes incurred during the impact of a weapon armature are much 

more complex than those of a single manufacturing type of event. During manufacture, a 

single blow is carefully controlled and aimed by the happer to strike the core at a 

specific location, usually with a very small area of contact. The result is generally a 

single, well-defined fracture. The intent of the hunter is much different. Weapon 

armatures are designed to present as much contact area to the target as possible within the 

limits of the technology. The result of their impact is ofien a combination of percussion, 

indirect percussion, and pressure fractures, initiated at various locations around the 

margins of the armature. Some of these may occur in sequence, while others may occur 

simultaneously. 

As a consequence, the examination of a single use-damaged armature may be 

insufficient to identiQ the causal nature of the damage, since the damage observed may 

Arrows 

Javelins 

S pears 

Dropped 

Darts 

0.45290 

0.00000 

0.00000 

0.00 120 

Arrows 

NA 

0.00000 

0.00000 

0.00730 

Javelins 

NA 

0.00000 

O. 10440 

Spears 

NA 

0.00000 
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not be the result of an event which accurately reflects the maximum loading rate normally 

expected for that armature type. For example, experimental point number 69 is an 

obsidian Clovis replica employed as a dart armature, that incuned a large, flute-like tip 

fiacture resdting fiom impact with bone at 36.3 d s ;  experimental point number 163 is 

aiso an obsidian Clovis replica, though employed as a javelin armature, that incurred a tip 

fracture resulting fiom impact with bone at 25.3 d s .  The tip hctures of both armatures 

reveal fractures with CIC, ratios of 0.23, indicating fracture velocities of approximately 

889 m/s. Both of these fa11 within the range of hc ture  velocities observed for soft- and 

hard-hammer percussion, as well as dart, javelin, and arrow armature impacts, or even 

accidentally dropped specimens! One cannot reliably assign these fractures to any 

specific cause based on their known loading rates, aithough pressure flaking rnay be ruled 

out since their loading rates exceed that known for pressure reduction. 

The cause of a specific fracture, based solely on knowledge of the precursory 

loading rate, can only be assigned through exclusion. That is to say, for example, that if a 

fracture velocity of 1700 mis were obtained from a given armature constructed fiom a 

material with properties similar to Glass Butte obsidian, one may reasonably conclude: 

(1) that the fracture was not the result of any known manufacturing process; (2) that it 

was caused by a high-velocity impact; and therefore (3) it was the result of use as an 

arrow or dart armature. Due to its dynamic loading rate, the armature is excluded fiom 

consideration of any other causes of fracture. Given also, that fiacture velocities are a 

non-subjective, metric determination, a single, reliable measure is al1 that is necessary for 

the armature in this example to be confidently assigned as an arrow or dart armature. 



Summary 

An examination of spearthrower dart metric data derived from both ethnographic 

and archaeologicai sources, combined with performance studies, suggests that effective 

spearthrower darts may Vary greatiy in size and weight. While there are no empiricai data 

regarding Clovis Buted-point haft sizes. a reasonable approximation of 1.3 cm diameter, 

and 240 gram total projectile weight was suggested for hypothetical Clovis dart replicas. 

Sirnilarly, ethnographic and ethno-archaeological research suggested that the 

effective range of the spearthrower is approximately 15 m. These size and range data 

formed the basis of several series of experiments designed to assess the range of 

velocities associated with various darts and javelins. It was demonstrated that these 

projectiles, similar in size and weight to the hypothetical Clovis replica, could impact 15 

m distant targets at average velocities of approximately 39 m/s using a spearthrower, and 

25 mls as a hand-thrown javelin. Subsequently, javelin velocities of 25 m/s, and dart 

velocities of 35 m/s and 45 m/s were chosen as benchmarks for the lithic projectiIe 

armature Fracture velocity experiments, though tests at 45 m/s were subsequently deemed 

unnecessary to adequately distinguish the loading rates of these projectiles. 

The lithic armature fracture experiments demonstrated that some overIap in h c t u r e  

velocities could be expected between spears, javelins, arrows, and darts, but also that only 

the high-velocity projectiles, darts and arrows, will produce use-related fractures in the 

dynarnic regime (i.e., in excess of 1470 d s ) .  In addition, spears produce unexpectedly 

low fracture velocities, often combined with characteristic large, flute-like tip fractures. 
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Flintknappers have long known that flaking implements of different densities 

produce flakes with differing morphological characteristics. It is little surprise, therefore, 

that the manufacture-related experirnents in Chapter IV suggested that different density 

percussors and pressure implements have a direct effect on lithic hc tu re  velocity. In 

contrat, the armature fracture experiments suggest that targets of different densities have 

little effect on lithic fiacture velocities as loading rates increase beyond the upper range of 

the rapid regime. 



CHAPTER Vi 

THE PALEOINDIAN DATA 

"Wait a thousand years and even the garbage left behind by a vanished civilkation 
becornes precious to us." 

- Isaac Asimov - 

The majority of the artifacts studied during the course of this research were 

recovered fiom sites and localities on the edge of the Southern Great Plains, the 

Southwest, and Far West. Represented sites and localities include Murray Springs, Naco, 

Dent, Lehner, Lindenmeier, Folsom, Rio Rancho, Blackwater Draw, Sunshine Well, 

Tonopah Lake, and the Dietz site (Boldurian 1990; Campbell and Campbell 1940; 

Dawson and Judge 1969; Figgens 1927,1933; Haury, Antevs, and Lance 1953; Haury, 

Sayles, and Wasley 1959; Haynes 1982; Hester, Lundelius, and Freyxell 1972; 

Hutchinson 1988; Judge 1973; KelIy 1978; SelIards 1952; Tuohy 1968, 1988; Willig 

1989; Wilmsen 1974; Wilmsen and Roberts 1978; York 1995), as well as many lesser 

known, and unreported sites and localities. Individual surface finds were also included 

since temporal priorities far outweigh spatial provenience in a study of this type. 

In total, 668 Paleoindian artifacts, mostly fluted-points and fluted-point fragments, 

were examined. Data derived fiom velocity dependent fracture features observed on 55 

(8.2%) of these artifacts are presented in this chapter. Appendix C provides a list of 

artifacts which were examined, but which lacked discemable velocity-dependent fracture 

features. 



Impact Data 

Since the primary interest of this research is the documentation of fi-acture velocities 

derived fiom use-damaged points, efforts focused on the distal tips and margins of these 

artifacts. Ali artifacts exhibiting any type of tip damage (e-g., flake removals and spin- 

offs, bending and snap fractures, burin-like breaks, crushed or shattered tips) were 

examined for relevant, velocity-dependent fracture feanues. Importantly, no assumptions 

as to the cause of the damage could be made at this tirne, since oniy later analysis of the 

fracture velocity data would reveal whether a tip was darnaged fiom a high-velocity 

impact, or from some less intensive type of use or accidental contact: the concept of so- 

called "diagnostic impact fractures" was ignored. 

Clovis Points 

A total of 19 CIovis fluted-points exhibited velocity-dependent fiacture features 

fiom which 2 1 fracture velocity assessments were made. Types of darnage observed on 

points yielding fracture velocity data include tip fractures, bending fiactures, and 

burinated margins. CIC, ratios ranging fiom 0.13 to 0.56 were docurnented (an 

exceptiond specimen exhibiting a CIC, ratio of 0.69 will be discussed separately). 

Approximately 63% of these points revealed CI c2 ratios in the dynamic regime, 

indicating high-velocity impacts (Table 22). Surnmary descriptive statistics for 

instantaneous fracture veIocity data are presented in Table 23. The distribution of Clovis 

fiacture velocity data is presented in Figure 20. 
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Of particular interest are two Clovis points fkom Murray Springs, Arizona (see 

Haynes 1982:Figure 3). These artifacts both incurred tip damage, and both were refitted 

with fragments of their missing tips. The first (A3299 1) was found in the bison kill area, 

while its refitted tip fragment was recovered fiom the hunter's camp 138 meters away. 

The opposite situation was observed for the other specimen (A33 1 15); it was recovered 

fiom the camp area, and its refitted tip fragment was recovered 47 meters away in the 

bison kill area. Fracture features observed on these two specimens reveal similar CIC, 

ratios of 0.49 (A33 1 15) and 0.5 1 (A3299 1), confuming Haynes's (1982385)  observation 

that the ". . . impact damage to [the] point tips clearly indicates that they were indeed 

propelled." A third Clovis point (A33 1 14) fiom the bison kill area reveals a similar 

fiacture velocity with a C I C ~  ratio of 0.48. 

The highest fracture velocity recorded was fiom a large obsidian Clovis point fiom 

the Dietz site (Oregon). This specirnen yielded a CIC, ratio of 0.69 from a partial 

Fracture wing whose origin coincides with that of a fissure. Fissures are generally 

presumed to run perpendicular to the crack front, and should, therefore, effectively bisect 

the angle formed by any fiacture wing with a common point of origin. Assuming this to 

be the case, an average angle of 46.5 degrees was obtained fiom the single visible fracture 

wing a m ,  suggesting a hcture velocity of 2429 m/s (based on a value of 3520 m/s for 

Modoc obsidian). Considering, however, that this may be greater than the terminal 

fiacture velocity for this obsidian, it seems most reasonable to assume that fissures are not 

reliable indicators of the precise orientation of the crack fiont. Even so, they remain a 



Table 22. Clovis fluted-point fracture velocity data. See Appendices for abbreviation key. 

553-140 

553- 17 

553-47 obsidian 

Institution 
Code 

1 553- 169 ) obsidian 1 NA 

24565 1 chert 1 N A  

Museum 
Ref. No. 

I UO l 553-13 1 1 obsidian 1 NA 
1 UO 1 553- 195 1 obsidian 1 NA 

Material 

-- 

Width 1 Thickness 1 Origin 1 Angular 1 %Tac. 1 , 1 C2 1 (C) 1 Length 
(c ni) (cm) 

4 -6 

N A  1 NA 1 Dietz site 1 149.8 ( 16 1 0.26 1 3520 1 917 

*2.9 

2.9 

3.7 

(cni) 
0.8 

1.8 1 0.7 1 Lehner 1 133.5 1 6 7 1 0.39 1 3520 1 1389 1 

* .8 

0.6 

0.7 

*3.9 
3.7 
4.6 

2.2 
2.0 

NA 1 NA 1 Sunshine Well7 1 132.7 ( 44 1 0.40 1 3629 1 1456 ( 

(site) 
Dietz site 

2.6 1 0.7 1 Surface 1 128.3 1 7 1 0.44 1 3092 1 1347 

Dictz site 
Dietz site 
Dietz site 

*0.8 

1. I 
0.8 
0.6 

0.6 

~ e a s u r e  
164.5 

3.1 1 I .O 1 Murray Springs 1 121.5 1 63 1 0.49 1 3629 1 1773 1 

16 1.2 

158.5 

157.0 

Dietz site 
Blnckwater Draw 

Dietz site 
Surface 
San Jon 

3.4 

4.7 

2.2 

Length 
-30 

3 9 
29* 

53) 

149.6 

146.0 

l43,8 
139.0 

135.2 

0.8 

0.9 

0.3 

3.3 

3.6 
NA 

3.8 

LIL? 

0.13 
0.16 
0.19 

0.20 

19 
NA 
3 7 
85* 
6 7 

Murray Springs 
Dietz site 

LA 78644 

1 .O 

O .6 

NA 
0.9 

(mis) 
3520 

(mls) 
475 

3520 

3520 

3520 

0.26 

0.29 
0.32 

0.35 

0.38 

122.5 

122.4 

122.2 

Murray Springs 
Dietz site 
Dietz site 
Dietz site 

575 
657 

702 

3520 
3520 

3520 
3092 

3674 

38 

74 * 
85** 

1 18.8 

113.2 

112.2 

93.0 

923 
1029 

1123 
1083 
1400 

0.48 

0.48 

0.48 

59 

57 

45 * 
near tem. 

+ 
+ 
4 

3629 

3520 

3629 

0.51 

0.55 

0.56 

0.69 

1693 

1696 

1754 

3664 

3520 

3520 

3520 

1865 

1938 

1963 

2423 



Table 23. Basic descriptive staostics for maximum instantaneous kcture velocities (c) 
observed on Paieohdian and pre-Archaic lithic armatures. 

1 Ciovis 1 Folsom 1 Other 1 
1 Sample Size: II 21 Il  16 

I I I 
1 Minimum: 11 474.68 1 1371.18 1 752.87 1 
1 Maximum: 11 2423.01 1 2002.98 1 1963.26 1 
1 Average: 11 1344.41 1 1697.62 1 1554.24 1 

- -  - -  - 

Standard 
Deviation: 1 530.79 / 210-50 / 368.81 1 

S kewness: -0.79 -0.74 -0.99 

Coefficient of 
0.12 Variation: 0.24 

general indicator of crack front orientation, but should be used with caution when 

calculating the effective angle of divergence of a solitary fracture wing arm. In this light, 

the very small angle of divergence of the fracture feature observed on this Dietz site 

specirnen is still suggestive of a loading rate in the dynamic regirne. 

Three other obsidian Clovis specimens from the Dietz site yielded CIC, ratios of 

0.48,0.55, and 0.56, the latter specirnen exhibiting the highest reliable fracture velocity 

among the Clovis matenals. Other known sites with points that yielded loading rates in 

the dynamic regime indude Lehner (Arizona), and the Sunshine Well locality (Nevada). 
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Clovis 

4 -- 

Fracture Velocity (ml~)  

Fracture Velocity (mls) 

Fracture Velocity (mls) 

Figure 20. Frequency distribution of Paleoindian and pre-Archaic armature 
fracture velocity (c) data. Note truncation at the upper end of the pre-Archaic 
(Other) sarnple distribution, and the considerable negative skew. 



Folsom Points 

Eight Folsom fluted-points exhibited a total of 1 1 velocity-dependent fracture features 

from which fkacture velocity assessments were made. Types of damage observed on 

points yielding fracture velocity data include tip and bending fractures. CIC, ratios 

ranging h m  0.38 to 0.55 were documented; notably, ail of these CIC, ratios fall within 

the dynamic regime, indicating high-velocity impacts (Table 24). Surnmary descriptive 

statistics for instantaneous fracture velocity data are presented in Table 23. The 

distribution of Folsom fracture velocity data is presented in Figure 20. 

Most of these points were surface collected throughout Colorado and New Mexico. 

One of these, collected fiom the Deming area of New Mexico, and exhibiting massive tip 

damage, yielded a CIC, ratio of 0.55, the highest recorded for the Folsom materids. A 

single specimen yielding ~ c / c ,  ratio of 0.48 was recovered fiom the Sunshine Well 

locality (Nevada). 

Other Paleoindian (or pre-Archaic) Points 

Other points, variously defined as Paleoindian or pre-Archaic (cf., Willig 1989: 13- 

14), fiom which fracture velocity data was recovered include 16 specimens identified as 

Midland, Great Basin Stemmed, Western Pluvial Lakes Stemmed, Cougar Mountain 

Sternmed, Humbolt, Sandia, and Windust. Represented sites and locaiities include 

Manzano Cave, and Beargrass Draw in New Mexico; Hanging Rock Shelter, Massacre 

Lake, Pine Creek Well, Mud Lake, Lake Parman, and Sunshine Weil in Nevada; and the 

Dietz site, and Christmas Valley in Oregon. These points yielded CIC, ratios ranging 
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from 0.2 1 to 0.56, 12 (75%) of which exhibited loading rates in the dynamic regime 

(Table 25). Surnmary descriptive statistics for instantaneous fiacture velocity data are 

presented in Table 23. The distribution of these fracture velocity data is presented in 

Figure 20. 



Table 24. Folsoni fluted-point fracture velocity data. Sce Appendices for abbreviation key. 

institution Museum Lengili Width Thickness Origiii Angular % T.C. c2 
Code Ref. No. Matcrial (ciii) (cm) (cm) (site) Measure Length (mts) 
UNM 76.62.345 chert NA NA 0.3 Unknown 135.6 75 0.38 3629 

MNM ICC 42605.1 1 cher1 NA 2.1 0.5 Deming 135.2 50 0.38 3629 
BAKER 34-4-3-9 1 jasper NA NA O .4 Surface 129.4 NA 0.43 3674 
BAKER 34-2- 13-26 chert N A  NA NA Surface 124.3 90* 0.47 3664 



Table 25. Oiher Paleoindian (or pre-Archaic) point fracture velocity data. See Appendices for abbreviation key. 

Instiiutian 
Codc 

NSM 

UO 

NSM 

NSM 

UO 

MNM 

AIN W 

NSM 

UNM 
MNM 
NSM 
UO 

NSM 

NSM 

NSM 
UO 

Muscum 
Ref. No. 
120-40 

Material Liihic 1,ength W idtli 'I'hickiicss Origin Anpular '10 T.C. C,C2 
'Ijlpc (cni) (cm) (cm) (site) Measurc Length 

ohsidian GDS (Parmiin?) NA , NA NA 1,nkc Purman , 155.3 4 0  , 0.21 
Cougnr Mt. 

NA 2,0 0.8 Dieu site 149.2 62 0.27 Obsidian sicmmed 
absidian GRS (Pannun?) NA NA NA Massacre 1-ake 143.3 NA 0.31 

obsidian I.iumbolr 5.7' 2.0 0.7 139.1 44 0,35 1 langing Rack 
Sheltcr 

-- 

obsidian 1 ~ i n d u s ~  1 NA 1 2.5 1 0.6 1 Diçtz site 
Pnleoindiiin 

(unsprcilied) NA 2.3 0.7 Bcurgrass Druw 130.0 60* 0.42 

obsidian Square steinmcd NA 3.0 0.9 Christmus Vallcy 128.8 46 0.43 
COIICI~VC, 

chcri coniraciiiig hasal NA NA NA Sunsliinc Wcll 3U 124.6 1 O 0,46 
niargin 

flint 1 Snndia 1 NA [ 2.5 ( 0.9 1 Munuino Cave 1 121.0 ( N A  1 0.49 

chert f'lnno NA 3.0 0.5 IYnc Creek Well 119.0 near terrn. 0 5 1  
obsidirin 121uled bifrice NA 4,9 1 .O Dictz site 1 17.4 26 0.52 

chdccdany GBS NA NA NA Sunshine Wcll P2 117.4 ncnr term. 0.52 
GBS (long NA NA NA Mud Lnke 1 15,6 2 7 0.53 obsidiun siemmed 

obsidiun Concuve nose NA 2.5 0.4 unknown 1 14.5 3 1 0.54 
obsidinn WPI, sicmnicd NA 3.4 0.8 Dictz site 1 12.2 47 0.56 

C2 
(rnls) 
3520 



FLuting Data 

In addition to damaged distai tips, some charnel-fiake scars, and channel-flakes 

themselves, were aiso examined in an effort to document the reduction technology 

associated with Paleoindian fluting. The fluting of bifacial points is an unusud technique 

practiced for a relatively short period of time, and, seemingly, restricted in geographical 

distribution to the New World. The recent report by King and Slobodin (1996) of a 

"fluted-point", approximately 4.6 cm in Iength, from the Uptar site in Magadan Oblast, 

northeastern Siberia, does not offer convincing evidence of a fluted-point-bearing, 

Paleoindian presence in Northeast Asia. While amazingly symmetrical, the single 

longitudinai flake scar exhibited by this point appears instead to be a Iarge tip fracture. 

The jagged "base" does not resemble the initiation point of a channel-fiake scar, nor does 

it appear to have been retouched or finished in any way. In addition, the high-relief 

undulations, while not completel y unknown on channel-flake scars, are not characteristic. 

Please note that this assessrnent is based solely on published photographs (King and 

Slobodin 1996; Menon 1997) of the specirnen, and that any conclusions should be based 

on examination of the point itseIf. 

Lacking any obvious Old World predecessors, it hsis been suggested (e-g., Haynes 

1980) that fluting was a New WorId development originating sornewhere between 

Beringia and the southem lirnits of the ice-sheets, spreading south into the Plains and 

Great Basin. Alternatively, if fluted points in Aiaska are post-Clovis in age, then they 
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represent an influx from the south, and perhaps an origin south of the ice-sheets @ixon 

1975). 

Carlson (1991) has hypothesized that logical ancestors of the Clovis fluted-point are 

the bone or antler points with multiple side-hafted blade segments found in Upper 

Paleolithic and Neolithic sites in Siberia, and that fluting itself is a logical development of 

blade technology. Some Clovis assemblages do exhibit blade technology, and whiIe 

Carlson may be correct, f do not agree that blade and channel-flake removal are 

necessarily conceptudly similar (Carlson 199 1 34). The overall flaking technology 

exhibited by classic CIovis demonstrates a high degree of platform preparation and 

control in the production of broad, thin, invasive flakes, and is itself sufficient to supply 

the necessary concepts and skiils for channel-flake removal. 

The most easily damaged component of a slotted haft and lithic armature 

arrangement is usually the slot component itself. I believe fluting to be an attempt to 

compensate for the relative fragility of the organic haft component by reducing the 

thickness of the point base in favor of more substantial hafi material on each side of the 

hafting slot. There may be three reasons why this became a problem: (1) a lack of plant 

materials fiom which to quickly and easily fashion replacement hafts, and a reliance 

instead on more expensive bone and antler hafting matenal (Le., it was less expensive to 

replace the lithic component than the haft component). This could be due to a shifi to a 

tundra type of environment where plant materials for haft construction were scarce; (2) it 

may have been an effort to increase the maintainability (Bleed 1986) of the weapon by 

designing the lithic component to fail before the haft component. For mobile hunters, it 
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would be easier to carry replacement points than replacement hafts; or (3) a recent 

technologicai shift fiom a hafting arrangement in which the extant point design was 

sufficientiy thin (relatively speaking) at the base, to one in which it was suddedy 

inadequate. Such a shift rnay have been fiom thick-shafted spears, to much smaller 

diameter spearthrower dam. Stemming may have been an aiternative solution to the 

sarne problem. 

Most of the research concerning fluting technology itself has centered around the 

more aesthetically-appealing Folsom points, and is related to the techniques of channel- 

flake removai (e-g., Akennan and Fagan 1986; BoIdurian, Fitzgibbons, and Shelley 1985; 

Boldurian et al. 1986, 1987; Cailahan 1979a, 1979b; Crabtree 1966; Flenniken 1978; 

Frison and Bradley 1980, 1981; Gryba 1988; Ibarra and WelIman 1988; Imel 1988; Neill 

1952; Patten 1979a, 1979b, 1980; SoIIberger 1977, 1985; Sollberger and Patterson 1980, 

1986). Crabtree (1 966:22), having experimented with several different fluting 

techniques, concluded that indirect percussion with a rest, or pressure with clamps and 

anvil were the two techniques most Iikely empioyed in fluting the Lindenmeier Folsom. 

Researchers have aiso proposed that leverage machines may have been used to pressure- 

flute Paleoindian points (e-g., Frison and Bradley 1981 ; Ibarra and Wellman 1988; 

Sollberger and Patterson 1980). In fact, practically every known reduction technology 

(i.e., pressure flaking, indirect- and direct-percussion flaking) can be demonstrated to 

produce adequate channel-flakes. In repIicating points for this, and other research, 1 have 

found both indirect and direct percussion to be simple and effective techniques for 

fluting. Due to the fact that different reduction techniques work, and often produce 
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morphologically similar results, no one method has ever been demonstrated to be the sole 

technique used by Paleoindian knappers. 

The utility of fracture velocity data to impart information about manufacturing or 

reduction techniques was noted in Chapter N. An example of the practical application of 

this type of data collection involves the recording and interpretation of fracture velocity 

relevant micro-features observed on the channel-flake scars of Paleoindian fluted points. 

During this research, fracture velocity data were collected from the channel-flake scars of 

12 obsidian Clovis points (Table 26). C I C ~  ratios recorded for these specirnens range 

fiom 0.02 to 0.1 8. 

Of particular interest are the very low fiacture velocities obtained fiom the channel- 

flake scars of certain points, notably those recovered from the Dietz site (Oregon), Lake 

Tonopah (Nevada), and Blackwater Draw (New Mexico). The CIC, ratios for these 

specimens range from 0.02 to 0.18, but fully 75% (nine of twelve) lie between 0.02 and 

0 -09, indicating quasi-static loading rates whic h correspond to pressure flaking. 

One such specimen is an incomplete obsidian Clovis point from the Lake Tonopah 

Locality, that was broken during fluting of the second face. The C/C, ratio for a single 

hcture  wing observed on the channel-flake scar which broke the point is 0.04. Based on 

a C2 value of 3520 m/s for Modoc obsidian, the fiacture velocity of 144 rds indicates that 

pressure flaking, using either hand or chest-crutch methods, was employed for fluting 

(refer to Table 3). 



Table 26. Clovis flute fracture velocity data. Fracture velocity (C) is calculated based on a C, value of 3520 m/s for Modoc 
obsidian. See Appendices for abbreviation key. 

institution 
Code 
UO 

Widih 1 Thickness 1 Origin 1 Angulnr 1 % T.C. 1 A,, 1 

DMNH 
NSM 
UO 
UO 
UO 

NSM 
DMNH 
DMNH 

UO 
UO 

DMNH 
DMNH 
UO 

UO 
UO 

Museum 
Ref. No. 
553-204 

(cm) 
4.7 

A 1454.1 
47 ? 

553-3 
553-47 
553-140 

ES2 
A 1454.1 

A 1454.1 
553- 169 

553-232 
A 1454.1 
A 1454.1 
553- 195 
553-166 
553-80 

Material 

obsidian 

Lengih 
(cm) 
NA 

(cm) 
0.9 

obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 
obsidian 

10.4 
NA 
NA 
NA 
NA 
NA 
10.4 
10.4 

NA 
3.1 
10.4 
10.4 
NA 

N A  
N A  

- 

(site) 
Dietz site 

~ e a s u r e  
178.2 

Length 
NA 

Lit? 

0.02 
(mls) 

5 5 



The same technology is in evidence on other points fiom the Dietz Site and 

Blackwater Draw. The Blackwater Draw specimen (Denver Museum of Natural History 

reference nurnber A1454. l), is a relatively large obsidian Clovis point. Although fluted 

on both faces, pertinent micro-fracture features were observed only on the larger channel- 

flake scar. Approximately 50 mm in length, this channel-flake scar exhibits at least five 

kacture wing sites which indicate an average fracture velocity for the fluting process of 

266 m/s  (see ais0 Figure 8). instantaneous fracture velocities for this specirnen range 

from 82 mis to 408 m/s, based on a C7 value of 3520 m/s for Modoc obsidian. As stated 

in Chapter IV, however, only those instantaneous velocities Iying behveen 20% and 50% 

of the terminal crack length offer an accurate reflection of the fracture velocity. The 

channel-flute fracture velocity is therefore reflected by two fracture wing sites lying at 

30% and 38% of the terminal crack length. T ~ ~ C I C ,  ratios derived fiom these features 

are 0.09 and 0.07 respectively, and again suggest that a pressure flaking rnethod was 

ernployed to remove this large channel-flake. 

One point which deserves particular attention is a very large Clovis mid-section 

fragment Eiom the Dietz site (Oregon State Museum of Anthropology reference number 

553-204). The CIC, ratio for the single fracture wing observed on one of its channel- 

flake scars is 0.02. Based on a C, value of 3520 m/s for Modoc obsidian, this very low 

value indicates a fracture velocity of 55 d s  (the actud CIC, value is 0.0157 if 

considered to four decimal places). Considering the size of the channel-flake indicated by 

this point Eragment, dong with the experimental evidence fiom Chapter IV, and the data 
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collected Erom chest-punched blades produced by Donald Crabtree (see page 511, it 

appears that this point was fluted using a chest-punch, or other similar pressure flaking 

device, which permitted a very slow application of a large amount of pressure. To my 

knowledge, this is the first empirical confirmation of a specific Paleoindian fluting 

technology. 

Summary 

Loading rates in the dynamic regime were docurnented on 27 Paleoindian fluted- 

points, and 16 other points variously defined as Paleoindian or pre-Archaic (cf., Willig 

1989: 13- 14). Previous experimentation failed to generate dynamic fractures during any 

known lithic reduction process, or from accidental abuse. Loading rates in the dynamic 

regime were only generated through high-velocity impacts, of the type associated with 

mechanicd propulsion devices such as the spearthrower and bow. Assuming that 

Paleoindian peoples did not possess bow and arrow technology, the data therefore 

indicate that they employed the spearthrower, and thus constitutes the earliest direct 

evidence for this weapon7s use in the New WorId. While the presence of the 

spearthrower is indicated, this does not imply that Paleoindians did not employ other 

types of weapons. Experiments indicate that the lower range of loading rates documented 

for Paleoindian points overlaps the upper range of loading rates associated with both 

javelins and spears. Even though the Paleoindian data fall within the range of variation 

documented for the experimental darts, and higher, one cannot rule out the possibility that 

ail three types of weapons may have been in use. 
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In addition to data from use-related Fractures, a small body of data was generated 

through the examination of channel-flake scars fiom severai obsidian Clovis points, 

reveding that these artifacts were often pressure fluted, probably through the use of a 

chest- or crutch-type pressure tool (a secondary function for organic points?). 

My own experience, and probably that of many other flintknappers as well, suggests 

that large, effective channel-flakes c m  be removed using a variety of reduction 

techniques. Large channel-Bake scars exhibiting very low fracture velocities, like those 

observed during this study, suggest that at least some obsidian points were fluted as a CO- 

operative effort, since it probably required at least two individuals to simultaneously hold 

a preform and operate a chest-punch unless some kind of clamp or jig was employed to 

secure the preform. A possible alternative might be a mechanical pressure-flaking device 

like that proposed by Frison and Bradley (198 1). 



CHAPTER VI1 

CONCLUSIONS 

"Science is nothing but developed perception, integrated intent, cornmon sense rounded 
out and minutely articulated." 

- George Santayana - 

"People who like this sort of thing will fmd this the sort of thing they like." 
- Book review by Abraham Lincoln - 

The interpretation of archaeologicd dara relies to a great extent on the use of 

analogy. The ability of these data to accurately reflect prehistoric events depends 

essentialiy on the integrity of the analogue employed. Traditional analyses of weapon 

armature technologies (e-g., Coriiss 1972; Evans 1957; Forbis 1962; Thomas 1978; Shott 

1997; Wyckoff 1964 ) employ classification schemes to identi@ projectile points as either 

spear, dart, javelin, or arrow armatures. For example, the identification of an arrow 

annature is traditionally a two-step process: (1) the investigator recognizes an artifact as a 

"projectile point", and (2), cIassifies it as an arrow point based on certain pre-defined 

criteria that distinguish it fiom other classes of projectile points. The basic logica1 fallacy 

of such schernes is the assumption that the investigator knows, apriori, that the artifact in 

question served as a projectile armature (cf., Ahler 1971). 

En this case, the inadequacy of the traditional classification method for identification 

of projectile armatures lies at the very heart of its theoretical foundation within the direct 

historic approach. Our knowledge of what constitutes a "projectile point" is derived h m  

data gathered through the use of ethnographie analogues. In effect, an arrow point, for 

132 
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exarnple, is defmed as an artifact which has been observed attached to an arrow shaft. 

Sirnilarly, classification schemes like that proposed by Thomas (1978) and Shott (1997) 

define cnteria for classes based on data derived fiom artifacts assumed to be 

representative of those classes. Consequently, such models are untestable because 

relevant data have aiready been used in their construction. 

From a theoretical (Le., scientific or logicai) standpoint, as long as our models are 

derived from data, we have no objective criteria with which to evaluate them. As Kosso 

(1989:246) has stated, objective evidence is ". . . evidence that is verified independently 

of what it is evidence for." Therefore, instead of deriving our models fiom our data, 

models should be consmcted from relations among phenomena that are predicted fiom 

theory and tested against data (Rigaud and Sirnek 1987:48). The methodology employed 

in this research to determine precursory loading rates is fiee of data-based interpretive 

analogy (while it is true that bifacial points were selected for study, based on general, 

normative, morphological variabIes that suggest suitabili~ as armatures, no assumptions 

were made mith regard to artifact hnction. Instead, function was identified through 

analysis of fiacture vclocity. Had this study failed to document dynamic lithic fiacture 

velocities among Clovis fluted points it would merely have suggested that these artifacts 

were not used as hi&-speed projectile armatures, and would not necessarily indicate that 

Clovis did not employ the spearthrower in comection with some, as yet unknown, type of 

armature). Instead, it is a non-subjective, quantitative method finniy rooted in the 

physical sciences. The physical processes that created the velocity-dependent fi-acture 

features during the late-Pleistocene are the same physicai processes that we observe 
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today. The effects of 13,000 year-old actions were, in a very reai way, set in stone, 

providing a Pornpeii-like opportunity to measure the loading rates generated by an 

ancient weapon system. 

The dynarnic loading rates associated with the Paieoindian points examined during 

the course of this investigation, offer conclusive evidence for the use of the spearthrower 

during the earliest, well documented, penod of human prehistory in the New World. The 

significance of this discovery addresses our basic understanding of Paleoindian peoples 

and life-ways. The unprecedented appearance of "technology onented" hunter-gatherers 

(Kelly and Todd 1988) at the close of the Pleistocene, marks one of the more dramatic 

periods in hunter-gatherer prehistory. Their fully-developed biface technology, coupled 

with a logistic pattern of extreme mobility, offered a highly effective solution to the nsks 

of exploiting unknown and rapidly changing environments. It is tempting to hypothesize 

that Paleoindian cultural and technologicai advances may be the resutt of the right 

technology combined with the right place and tirne. 

The Upper Paleolithic cultures of the Central Russian Plain are known fiom sites 

such as Mezhirich, MeUn, and Yudinovo, for their use of enormous quantities of 

mammoth bone to constmct elaborate and complex dwellings. According to Soffer 

(1985), current evidence suggests that the majority of the bone used in these structures 

was collected from the treeless tundra, rather than through active hunting, but that 

mammoth hunting was indeed practiced. 

The distribution of Kostenki knives and points suggests a general West to east 

movement of Upper Paleolithic technology which parallels the megafauna extinction 
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trajectory posited by Martin (1982). While this trend appears to begin pnor to the Vaidai 

maximum, which occurred between approxirnately 20,000 and 18,000 B.P. and saw the 

absence of human occupation on the Central Russian Plain (Ivanova 1977, cited in Soffer 

1985; Levkovskaya 1977 cited in Soffer 1985; Soffer 1985: 173-176; Klein I969), Soffer 

(1985, 1987) has suggested that localized environmental deterioration may have been felt 

earlier by groups living in Eastern Europe between the Scandinavian ice sheet and Aipine 

glaciers. It is tempting to hypothesize that these aiready highly-mobile hunters and 

gatherers rnay have been prompted to move eastward into areas of lower population 

density, eventuaily spreading into Beringia sometime afier 18,000 B.P. (see aiso Haynes 

In Upper Paleolithic Western Europe, the spearthrower had been in use since at least 

the Magdalenian approximately 17,000 years ago, and perhaps much earlier (cf., Caton- 

Thompson 1946; Cressman and Krieger l940:36; Knecht 1994; Krause 1905: 124; 

Massey 196 1 :8 1). Indeed, Dickson (1 985:6) has speculated that it may have been in use 

as early as 80,000 years ago during the Mousterian. There is currently no empiricai 

evidence for its use among the Upper Paleolithic peoples of the Central Russian Plain, but 

if future research reveaIs they had possessed the weapon, they may be considered as 

possible progenitors of New World Paleoindians. 

Many of the Late Paleolithic rnammoth-hunter sites of Eurasia show similarities in 
artifacts and features such as dwellings, fireplaces, and ocher buriais. While game 
takes were not exclusively rnammoths, the socioeconornic orientation of the 
cultures toward the hunting and utilizzttion of mamrnoth meat, hide, bones, and 
ivory is clearIy manifest. The marnrnoth was to the Paleolithic hunter as the 
reindeer is to the Laphder  or the inland Eskirno. On the basis of the similarities 
among Clovis Stone and bone artifact assemblages and such Late Paleolithic 
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others, 1 assume that the earliest root for Clovis stems fiom Europe during the early 
Late Paleolithic (Gravettian-Aurignacian), about 28,000 years ago. Mammoth 
hunters moving eastward gave rise to such sites as Afontova Gora II, Mal'ta and 
Buret 1 sometime between 25,000 and 15,000 BP. During this time cuitural 
diversity had already developed in eastem Siberia, where Dyuktai people had 
acquired a core-and-blade technology. Bifacial points or knives at Dyuktai Cave 
and bone points slotted for microbIades at Afontova Gora may be evidence of 
cultural mixing, but some people apparently did not adopt microblades. It may be 
these Mal'ta-Afontova Gora descendants that entered Beringia with artifacts 
characterized by bifaces, blades, and cylindricd bone and ivory points between 
20,000 and 15,000 years ago [Haynes 1982:396-3971. 

Far-reaching hypotheses aside, early Paleoindians faced unknown and rapidly 

changing, high-risk environments with a very reliable (Bleed 1986) form of weaponry . 

The spearthrower provided a method of delivering reIatively heavy projectiles at very 

high velocities, up to 50 and 60 meters per second. These veIocities compare favorably 

with the bow, but due to the mass of the dart, result in much greater impact force. 

. . . we have computed kinetic energies from average throws in excess of 350 
Joules. This is four times the kinetic energy carried by a modem arrow fued fiom 
an efficient, modern compound bow; the AM0 standard is a 540 grain (35 g) arrow 
fired fiom a 30-inch draw, 60 pound peak-weight bow. Modern equipment meeting 
these standards will produce projectile velocities up to 70 d s ,  resulting in kinetic 
energies less than 86 Joules. Traditional bows would be considerably less efficient. 
Raymond (1 986:Table 5) calculates a kinetic energy of 12.6 Joules for Ishi's bow 
based on a velocity of 30 mis using a 28 g arrow mutchings and Brüchert 19971. 

When combined to create a projectile with effective penetration, this combination of 

large mass and high velocity results in an extremely efficient weapon. For example, in 

his account of the De Soto expedition to the southeastem United States in the 16" 

century, Garcilaso de la Vega noted that the spearthrower propelled darts "with extreme 

force, so that it has been known to pass through a man armed with a coat of mail" 

(Swanton l938:358). Comparing the spearthrower to the javelin, data fiom the 
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experiments discussed in Chapter V indicate that the spearthrower can propel a dart with 

as much as 185% of the velocity of its hand-thrown equivaient. 

An additionai advantage of the spearthrower is that it permits hunters to maintain a 

safer distance fiom aggressive prey Sian does the spear or javelin, thereby increasing 

hunting success by reducing risk of personal injury. In essence, the spearthrower, 

equipped with a relatively heavy dart, is the prehistoric equivaient of the modem elephant 

gun. 

Dynamic Ioading rates, indicating high-velocity fractures, were indicated not only 

on Clovis and Folsom ff uted points, but on other early point types including Plano, 

Midland, Western Pluvial Lakes Sternrned, Great Basin Stemmed, and Windust. 

Importantly, this indicates that no one hafting technique was uniquely associated with 

spearthrower technology during this period, and may indicate that early peopIes were 

experimenting with hafting methods rather than delivery technologies. This in tum 

implies a recent switch from an earlier technology. 

Logical precursors to these lithic armatures are of course the bone, antler, and ivory 

bevel-based points cornmon to the Upper Paleolithic, and found at severai New World 

Paleoindian sites and Iocaiities, including the Tenana Valley, Alaska (Rainey 1940), the 

Grenfel site, Saskatchewan (Wilmeth 1968), Lind Coulee, Washington (Daugherty 1956), 

the Richie-Roberts site, Washington (Mehringer 1989), Sheaman (Anzick) site, Wyoming 

(Lahren and Bonnichsen 1974), Klamath Lake, Oregon (Cressman 1 W6), Goose Lake, 

Caiifornia (Riddell 1973), Blackwater Draw, New Mexico (Hester, Lundelius, and 

Fryxell 1972; Sellards 'L9S2), and severai submerged deposits in Florida (see Dunbar 
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199 1 ; Jenks and Simpson 1941). Similar points were obviously considered effective 

during the European Upper Paieolithic (e.g., Knecht 1994), but an experimentai study by 

Stodiek (1993:200-202) determined that they do not penetrate very well since they pierce 

a smail hole and push it open rather than slicing a suitably-sized hole like a stone point. 

So while the orgariic points may have been sufficient for hunting smaller or younger 

animais, large marnmoth and bison, with their thicker hides, probably demanded a more 

efficient, aibeit costlier, Iithic armature. 

Organic points may have survived as economic alternatives, used as backups after 

an initiai attack using Iithic armatures, or may have been maintained as killing Iances to 

dispatch incapacitated prey. Their beveled bases would create a relatively smooth joint 

with a shaft or foreshaft, dlowing them to be repeatedly withdrawn and thmt without 

fear of snagging on bone or tendon. Altematively, they may have survived simply as 

economic alternatives intended for smaller, or younger garne. In any case, maintenance 

of bone, antler, and ivory technologies would have provided insurance against 

inopportune depietion of curated iithic armatures until the group returned to a known 

tool-stone quarry or Iocated a new source. 

1 believe the contributions made by this research to be twofold. Most simply, it has 

confmed what many Paieoindian archaeologists have believed ai1 dong; that 

Paieoindians employed spearthrower weaponry. The difference now being that we can 

support this position with theory-based, objective empirical evidence, giving us a firm 

foundation for higher-order anaiyses of Paleoindian life-ways. This research has also 
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outlined a relativeIy simple analyticai methodology that should prove to have many usefid 

applications in archaeology, in both use-related and manufacture-related studies. 

Although fracture velocity data may not be able to positively identi& the precursory 

loading rates of al1 artifacts suspected of being weapon armatures, the data may aiso be 

incorporated in traditional discriminant h c t i o n  analyses (e.g., Thomas 1978; Shott 

1997) to refine the discrimination of functional types. 

The loading rate parameters employed here were generated through manufacture- 

related experirnents using G l a s  Butte obsidian. This was done for reasons of 

expediency; due to the relative rarity of velocity dependent fracture features, it was 

simply not advantageous to use any but the finest-grained material available for the 

experimental research. Considering its high C, value of 3865 d s ,  compared to 

approximately 3600 to 3700 m/s for rnost fine-grained flint toolstones, the loading rate 

boundaries outlined here may be considered high, but again, it was simply not expedient 

to identiQ al1 Paleoindian artifact material sources, and perform the sarne range of 

experiments on each. By using a materid with a relatively high value, and thus raising 

the rapid/dynamic loading rate boundary, it is possible that fewer Paleoindian artifacts 

have been documented with dynarnic loading rates than may have been the case had 

Ed..=.~!s flint (C,  = 3623 d s ) ,  f ~ r  enms!e, been used. Had the loading rate scheme 

outlined by Tomenchuk (1985:Table 12.7) been used, this research would have 

documented approximately 2 1 % more Paleoindian artifacts exhibiting dynamic loading 

rates. Similady, the & value of 3.520 d s  for Modoc obsidian was used for al1 fî-acture 

velocity calculations involving Paleoindian obsidian artifacts, rather than the value for 
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GIass Butte obsidian, resulting in fewer dynamic loading rates being documented than 

might otherwise have been the case. 

While the approach followed here has adequately demonstrated that dynamic 

Ioading rates associated with spearthrower use are often exhibited by Paleoindian 

armatures, future research should compare the manufacture- and use-related loading rate 

ranges associated with other tool-stone materials. 1 do not expect significant variation 

fiorn the results presented here, but 1 feel that the potential of the methodology warrants 

all possible refmement. 

An additional area where refinements are possible, is that of data collection. 

Velocity dependent fiacture surface features are often so small that they are difficuIt to 

Iocate. The de f i t i on  of these features is often improved by varying the angle of incident 

lighting to highlight the rnicroscopic ripples against their own shadows. Unfortunately, 

many of the finest-grained lithic materials are also extremely reflective, so that when a 

feature is located, it is sometimes dificult to orient the plane of the fiacture perpendicuIar 

to the viewing axis of the microscope . Large deviations from the perpendicular will 

adversely affect angular rneasurements. It is possible that the use of a scanning etectron 

microscope might alleviate some aspects of this potential problem, while the application 

of digitizing and CAD systems may improve the accuracy of data recovery. 
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APPENDICES 

Key to abbreviations 

m w :  
ASM: 
D m :  
UNM: 

MNM: 

NSM: 

PMA: 

SDMM: 

TBC: 
UA: 

OSMA: 
GBS: 

WPL: 

?: 

Fluted Ix (Sx): 

c :  
cj: 
%T.C. Length: 

Near Terni.: 

ArchaeoIogical Investigations Northwest - Portland 

Arizona State Museum - Tucson 

Denver Museum of Natural History - Denver 

Maxwell Museum, University of New Mexico - Albuquerque 

Museum of New Mexico - Santa Fe 

Nevada State Museum - Carson City 

Provincial Museum of Alberta - Edmonton 

San Diego Museum of Man - San Diego 

Tony Baker ColIection - Denver 

University of Arizona - Tucson 

Oregon State Museum of Anthropology - Eugene 

Great Basin Stemrned 

Western Pluvial Lakes (stemmed) 

Questionable attribute or identification 

FIuted on 1 face (both faces) 

Longitudinal (dilationai) wave velocity. 

Transverse (distortional) wave velocity. 

Distance from fracture initiation is expressed as a percentage of 
terminal crack length (i.e., distance from initiation divided by total 
crack Iength). 

Near terminal crack Iength (estimated). 



Mechanical testing of experimental and Paleoindian tool-stone samples. 

As elucidated by the fracture veIocity equations from Chapter IV, fracture velocity 

( C) is a function of the effective angle of divergence of dilational (longitudinal) and 

distortional (transverse) wave propagation. Distortional wave velocity ((2,) is expressed 

as a constant for a given material, and is dependant upon the inherent elastic properties of 

that material. 

Mathematically, the velocity of the distortional wave (C,, is expressed as  (Jaeger 

and Cook 1976:350; Blitz 1967: 13): 

C2 = (Glp)'!' (AI) 

where G is the modulus of rigidity, and p is the material density. The modulus of rigidity 

(G) is expressed as: 

G = E/2(l+v) 

where E is Young's modulus, and v is Poisson's ratio. Young's modulus (E) is expressed 

as: 

E =pv,' (A31 

where v, is the sonic velocity of the material. 

With the assistance of Professor Tom Troczynski, and Florin Esanu of the 

University of British Columbia Department of Metals and Materials Engineering, 



dynamic tests of stiffness, employing the ultrasonic method to determine the sonic 

velocity of the material, were conducted on Glass Butte obsidian, Edwards (Georgetown) 

flint, and Alibates flint (Nibates agatized dolomite) (Table Al). 

Table Al. Estimation of distortional (tramverse) wave velocities for experimentd and 
Paleohdian tool-stone samples. Poisson's ratio (v)  is assumed, based on similar 

materials discussed by Tomenchuk ( 1 985:Table 1 1 -4). 

Tool-stone Sample 

GlassButteobsidian 

Edwards flint 

The Poisson ratio of 0.08, assumed for the Paleoindian materials, is based on that of 

'4 
(mis) 

5912 

AIibates flint ( 5385 1 0.08 

Rugen flint (Tomenchuk 1985:Table 1 1.4). The Poisson ratio of 0.17, assurned for the 

5333 

Glass Butte obsidian, is based on that of Lapari obsidian (Tomenchuk 1985:Table 1 1.4). 

v 

0.17 

7.6E+10 

The estimated distortional wave velocity values for Edwards and Alibates fiints are 

0.08 

comparable to that of Rugeen flint at 3622 d s .  The estimated distortional wave velocity 

pv,' 
(Pa) 

8.9E+10 

35.03 

value for Glass Butte obsidian is notably higher than those of either Modoc (3520 d s ) ,  

7SE+IO 

3 664 

Lipari (3425 m.s), or Arnafels (3576 m/s) obsidian presented by Tomenchuk (1985:Table 

E/2 ( 1 +v) 

( G W  

37.94 

1 1.4). These results should be considered tentative, since only a single sample of each 

(Glp) '" 
(mm 

3 865 
i 

34.63 

material was subjected to dynamic testing. Plans for future research include testing of 

3629 

additionai sarnples of these and other Paleoindian tool-stone materials, including 

1 

Florence-A (Kay County) chert, petrified paim (Ogailala graveis), Ogallaia quartzite, 
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Dakota quartzite, Flat Top flint, Spanish Diggings flint, Day Creek chert, Knife River 

flint, and Smoky Hill Jasper (Niobrara). 



Lithic reduction (manufacturing) experiment fracture velocity data. 

This section presents the raw data that were summarized in Table 2. The 

experiments were conducted using Glass Butte obsidian (C, = 3865 d s ,  Appendix A). 

Since it was important to document the full range of tiacture velocities associated 

with each reduction technology, attempts were made during each experiment to vary the 

loading rate as much as possible within the given technology. For example, during direct 

percussion, in addition to a normal (Le., task-oriented) approach to reduction, each tool 

was used with the minimum amount of force necessary to detach a flake or blade. as well 

as the maximum arnount of force possible. 



II Pressure - Metal II Pressure - Antler )] Indirect Percussion - Antler 1 



Direct Percussion - AntIer Direct Percussion - Sandstone Direct Percussion - Quartzite 

Average: 1 !: 
Minimum: 
Maximum: 1073 

Standard Error: 



Artifacts lacking velocity dependent fracture feaîures. 

This appendix constitutes a listing of 522 artifacts which were examined for 

velocity dependent fracture features, but from which no data were recovered. 

Museum 
Reference 
Num ber 

553-235 
59/11140 

59/1/54 1 AMW 1 Windust / ChristmasValley,OR ) Base hg. ,  obsidian 1 20PJ96 

Institution 

59111160 

591113 1 

59/1/52 

AMW 
AMW 

Lithic Type 

AMW 

AMW 

AMW 

5911187 

1 5911 128 1 AiNW 1 Windust 1 Christmas Valley, OR 1 Complete, obsidian 

Clovis blank 
Windust 

5911 124 

59/1130 1 AMW 1 Windust 1 Christmas Valley, OR 1 Proximal sec., obsidian 1 20N96 

Provenience 

GBS (round 
baK) 

Windust 

Windust 

AMW 

1 5911366 1 AMW 1 Windust? 1 Christmas Valley, OR 1 Base hg., no edge grinding, 
basalt 

Christmas ValIey, OR 
Christmas Valley, OR 

AINW 

1 5911372 1 AMW 1 Windust 1 Christmas Valley. OR 1 Base hg . ,  basalt 

Condition 

Christmas Valley. OR 

Christmas Valley. OR 

Christmas Valley, OR 

Windust 

1 591139 1 AMW / Windust 1 Christmas Valley. OR 1 Base hg., obsidian 1 20N96 

Date 
Examined 

Fragment. fluted, obsidian 
Base hg. ,  chert 

Windust 

1 591140 1 AMW 1 Widust 1 Christmas Valley, OR 1 Base hg., obsidian 

20PJ96 
20PJ96 

Complete 

Complete. obsidian 
Near complete, slight tip 

damage, obsidian 

Christmas Valley, OR 

20N96 

20N96 

20/u96 

Christmas Valley, OR 

1 591142 1 AMW 1 Windust 1 Christmas Vallev. OR 1 Base frae.. obsidian 1 2012196 1 

Complete (slight base 
damage), obsidian 

591141 

3012196 

Complete (slight tip damage), 
chert 20U96 

I 

AMW 

591143 
591144 

591145 

Square 

AMW 
AiNW 

AMW 

Christmas Valley, OR 

Windust 
Windust 

Windust 

Proximal sec., edge ground, 
chert 

Christmas Valley, OR 
Christmas Valley, OR 

Christmas Valley, OR 

20N96 

Base hg., obsidian 
Proximal sec.. obsidian 

Proximal sec. (tip missing), 
nhcidian 

20N96 
2012196 

20N96 



5911514 A M W  
-. 

591152 A M W  

5911625 AiNW 

591163 A M W  

5911640 AiNW 

5911684 AiNW 

5911763 AiNW 

59/205 1 AiNW 

Lithic Type Provenience Condition Date 
Examined 

Windust Christmas Valley, OR obsidian 20/2/96 
Proximal sec. (tip missing), 

Windust 1 Christmas Vallev. OR 1 Proximal sec.. obsidian 1 20TU96 

Windust Christmas Valley, OR Base hg . ,  obsidian 20P296 

GBS 
Proximal sec., impact (?) 

Christmas Valley, OR 
damaged 

20N96 

Square 
Christmas Valley, OR 

Complete, edge ground, 
stemrned obsidian 3012296 

Square Christmas Valley, OR Base hg., obsidian 
stemmed 20/2/96 

Square 
Christmas Valley, OR 

Base h g . ,  no edge grinding, 
stemmed obsidian 

20/2196 

OBS (long chrismias Valley, OR stemrned) Complete, obsidian 20/2/96 
-. - - 

Square 1 Christmas Valley, OR 1 Base h g . ,  edge ground, tan 
stemrned chert 1 20N96 
Square 

stemrned 

Windust? 1 Christmas Valley, OR 1 Base hg . ,  obsidian 1 20m96 

Square 
stemmed 

Chrisanas Valley, OR 

Christmas Valley, OR 

Square 1 chrismas Valley, OR 1 stemmed Base hg . ,  obsidian 

Base hg . ,  obsidian 

2012196 

20/2/96 

Base h g . ,  obsidian 20/2/96 



Museum 
Reference 
Number 

59R407 

59/2429 

591247 1 

5912898 

590929 
59/2997 

Institution 

5913053 

59/3054 
5913057 
59/35 
5914 1 

59/57 
59/59 

59/59 

85-35-47 1 ASM 1 Clovis 
1 AZ BB:I3:15 (road 

surface) 

Proximal sec., no edge 
59B04 1 AMW 1 Windust 1 Christmas Valley. OR 1 grinding, monled red- tan 1 20/;>96 1 

AMW 

AiNW 

AMW 

AMW 

AINW 
AMW 

59/64 

59/72 

Complete 

Lithic Type 

AMW 

AMW 
AMW 
AMW 
AMW 
AMW 
AMW 

AMW 

I 
-. ~-~ - -  

94-100-1 1 ASM 1 Clovis 1 AZ T:4:107 (ASM) 1 Complete 1 14/8/95 

Square 
stemmed 

Windust 

Square 

Concave 
base 

Windust 
Windust 

AINW 

Provenience 

Windust 

Windust 
Whdust ---- 
Windust 
Windust 
Windust 
Windust 

Windust 

Christmas Valley, OR 

Christmas Valley, OR 

Christmas Valley, OR 

OR 

Christmas VaIIey, OR 
Christmas Valley, OR 

Windust 

SBS? (round 
base) 

A31232 

Condition 

Christmas Valley, OR 

Christmas Valley, OR 

Date 
Examined 

Proximal sec., chert 

Base hg., no edge grinding. 
obsidian 

Base hg., no edge grinding, 
obsidian 

Complete (missing 1 eu), no 
ed 

Base frag., obsidian 
Base hg., obsidian 

Christmas Valley, OR 

Christmas Valley, OR 

ASM 

A12676 
A12677 
A12679 
A12680 
A12681 
A12683 
A12684 
A12685 
A12686 
A4157 

Som96 

2012/96 

10m6 

20/2/96 

20/2/96 
2012296 

Complete (damaged ear), 
obsidian 

Base h g . .  obsidian 

Clovis 
Clovis 
Clovis 
Clovis 
Clovis 
Clovis 
Clovis 
Clovis 
Clovis 
Folsom 

-- 

ASM 
ASM 
ASM 
ASM 
ASM 
ASM 
ASM 
ASM 
ASM 
ASM 

20m96 

20PJ96 
Christmas Valley, OR 

Complete, very large, 
O bsidian 

Complete 

Clovis 

Christmas Valley, OR 
Christmas Valley, OR 
Christmas Valley. OR 
Christmas Valley, OR 

Christmas Valley, OR 

20PJ96 

20W96 

Lehner, AZ 
tehner, AZ 
Lehner, AZ 
Lehner, AZ 
Lehner, AZ 
Lehner, AZ 
Lehner, AZ 
Lehner, AZ 
Lehner, AZ 

Lindenmeier, CO 

Escapule Site, San Pedro 
River, AZ 

Near complete, obsidian 
Complete, obsidian 

. Near complete. obsidian 
Complete, obsidian 
Near complete (base 

missinel. chen 

Comptete 
Complete 
Complete 
Complete 

Complete. quartz crystal 
Complete. quartz crystal 
Complete (tip damaged) 

Complete 
Complete 
Base h g .  

30/2/96 
20PJ96 
20/2/96 
20/2/96 

20/2/96 

Complete (tip damaged) 
- 

14/8/95 
14/8/95 
14/8/95 
14/8/95 
14/8/95 
14/8/95 
14/8/95 
14/8/95 
14/8/95 
14/8/95 

14/8/95 



Museum 
Reference 
Num ber 

A996 1 

A9967 

A10900 
AI0901 
A10902 

1 NA 1 DMNH 1 Clovis 1 Blackwater Draw. NM 1 Base frag. 1 28/8/95 1 

Institution 

ASM 

ASM 

A30064 

L454/6 

145415 

ASM 
ASM 

Lithic Type 

flake 

flaice/graver 
Clovis 

I 

ASM 

DMNH 

DMNH 

NA 
NA 

Clovis 
Clovis 

1758.2A 

1758.3 

900 001178 

Provenience 

Lindenmeier, CO 

Lindenmeier,CO 

Naco, AZ 

Midland 
Unspecified 
Paleoindian 

Folsom 

DMNH 
DMNH 

900/I24 

9001148 

Naco. AZ 
Naco, AZ 

DMNH 

DMNH 

DMNH 

9001172 

105Y1 

Condition 

Frag. 

Frag. 

CompIete 

Wheeler Ranch, Texas (?) 

Blackwater Draw (?) 

Blackwater Draw, NM 

Clovis 
Clovis 

DMNH 

DMNH 

1496142 

Al797.1 
68.94.5 

Date 
Examined 

14/8/95 

14/8/95 

14/8/95 
Complete (tip dmaged) 

Complete 

Folsom 

Folsom 

Folsom 
refom 

DMNH 

DMNH 

67.86.2 

72.45'219 

14/8/95 
14/8/95 

Complete 

Midsection h g .  

Base h g .  

Dent Site, CO. 
"Eastern Paleoindian" 

Folsom 
refom 

Channel 
flake 

DMNH 

DMNH 
UNM 

72.45.367 
76.62.10 

14/8/95 

28/8/95 

28/8/95 

Folsom, NM 

Folsorn, NM 

Lindenmeier, CO 

Folsom 

Plainview 

LTNM 

üNM 

76.62.1 lb 

76.62.334 

Cast of missing Dent point 
Complete, small 

Lindenrneier, CO 

Lindenmeier, CO 

Fluted point 
(barel ) 

Clovis 
Clovis 

UNM 
UNM 

28/8/95 
28/8/95 

Cast of 1391/3 in DMNH 
collection. Dista1 section 

Cast of 126I/lA in DMNH 
collection. Distal section 

Complete, missing ear 

Lindenmeier, CO 

Lone Wolf Creek, TX 

Clovis 

(?) 
(thin,fluted) 

UNM 

UNM 

28,8195 

28/8/g5 

28/8/95 

Complete 

Cornplete 

NA 

Pike Co, IL 
Belen, NM 

Folsorn 
Clovis 

28/8/95 

18/8/95 

Proximal section, tip and I 
ear missing 

Base h g . ,  w/spinoff 

Sandia (?) 
(fluted w/ 
concave 
base, 1 

shoulder) 
Midland 

28/8/95 

28/8/95 
Cornplete. very siight edge 

grinding 
Complete 
Complete 

21/8/95 

2 1 8 /95 

Clovis, NM 1 Base hgg; .  

Estancia Basin, NM 
Lucy Site, NM 

28/8/95 

28/8/95 
2 1/8/95 

Estancia Basin, NM 

Lucy Site, NM 

Lucy Site, NM 

Base h g .  

Proximal section 
Base h g .  

2 1/8/95 
2 1/8/95 

Proximal frag. 

21/8/95 

2 1/8/95 



76.62.336 1 UNM 1 Folsom 1 Lucy Site, NM ! Proximal h g .  1 21/8/95 

Museum 
Reference 
Num ber 

76.62.335 

Institution 

üNM 

76.62.342 

76.62.344 
76.62.348 

76.62.9 

Lithic Type 

Folsom 

1 
UNM 

48.4.7 
41.1.338 

I 

6920.167 1 UNM 1 Folsom 1 Rio Rancho Site, NM Midsection hg. 1 22/8/95 

UNM 
UNM 

LJNM 

69.20.149 
69.20.150 

69.20.152 
69.20.153 
69-20.] 54 

69.20.155 
69.20.160 

69.20.163 

Provenience 

Lucy Site, NM 

Folsom (?) 
(thin. fluted) 

Lucy Site, NM 

UNM 
UNM 

69.20.246 1 UNM 1 Folsom 1 Rio Rancho Site, NM 1 Base h g .  1 22/8/95 1 

Folsom 
Folsorn 

Sandia (?) 
(fluted w/ 
concave 
base, 1 

shoulder) 

LJNM 
üNM 
UNM 
UNM 

UNM 
üNM 
UNM 

UNM 

69.30.172 
69.20.180 

69.20.188 
69.20.196 
69.20.201 
69.20.235 

6920.239 
69.20.245 

Condition 

Miclsection h g ,  

Proximal sec. 

FoIsom(?) 
Folsorn 

Examineri 
Date 

2 1/8/95 

2 1 /SI95 

Lucy Site, NM 
Lucy Site, NM 

Lucy Site, NM 

Folsorn 
Folsom 
Folsorn 
FoIsom 
Folsom 
Folsom 
Fluted 

Channel 
flake 

UNM 
UNM 

UNM 
UNM 
UNM 
UNM 
UNM 
UNM 

69.20.264 
69.20.266 
69.20.274 

Mountainair, NW 
NA 

Complete 
Midsection hg. 

Proximal sec. 

Rio Rancho Site. NM 
Rio Rancho Site, NM 
Rio Rancho Site, NM 
Rio Rancho Site, NM 
Rio Rancho Site. NM 
Rio Rancho Site. NM 
Rio Rancho Site, NM 

Rio Rancho Site, NM 

Folsom 
Folsom 
Folsom 
Folsom 
FoIsom 
Folsom 
Fotsom 
Foisom 

üNM 
UNM 
UNM 

2 1/8/95 
2 1/8/95 

1 1/8/95 

Base frag. 
2 thfragments 

71/8/95 

21/8/95 

Base hg. 
Base h g .  

Base h g .  

Base h g .  

Base h g .  

Base h g .  

Micisection fiaa. 

Frag. 

Rio Rancho Site. NM 
Rio Rancho Site, NM 
Rio Rancho Site, NM 
Rio Rancho Site, NM 
Rio Rancho Site, NM 
Rio Rancho Site, NM 
Rio Rancho Site, NM 
Rio Rancho Site, NM 

Folsom 
Folsom 
Folsom 

32/8/95 

22/8/95 
22/8/95 , 

23/8/95 
22/8/95 
22/8/95 
2 1 /SI95 

11/8/95 

Base h g .  

Proximal section 
Base frag. 
Base hg. 

Base h g .  

Micisection h g .  
Midsection h g .  

Distal h g .  

Rio Rancho Site, NM 
Rio Rancho Site, NM 
Rio Rancho Site, NM 

22/8/95 
22/8/95 
22/8/95 
22/8/95 
22/8/95 

2 1 18/95 
22/8/95 
22/8/95 

Base h g .  
Base hg., obsidian 

Proximal section 

2218195 
22/8/95 
22/8/95 



26701 LA MNM Concave 
48750 base NA Base frag. 23/8/95 

14981 LA 
mM Clovis NA Proximal frag., no edçe 

5529 grindine 23/8/95 

Museum 
Reference 
Num ber 

69.20278 
6920.33 - 

24608 LA MNM ~ l o v i s  (?) NA Base h g .  23/8/95 59284 
17121 LA 

MNM Folsom NA Base h g . ,  bend frac. w/ 
ARC spinoff 23/8/95 

24641 LA 
MNM ARC Folsom NA Base h g .  23/8/95 

26133 LA MNM ARC Folsom NA Proximal section 23/3/95 

26220 
LA 10239 1 MNM ?ishtail point NA +oximal section (tip rnissing) 13/8/95 

24565 
MNM Flutcd point NA Midsection h g .  23/8/95 LA78644 

Institution 

LTNM 

UNM 

3748 MNM Folsom Midland Site, TX Base h g .  23/8/95 
27473.1 1 MNM Midland Midland, TX Complete (tip damaged) 73/8/95 

51855.11 MNM Clovis NA Base hg. ,  massive impact- 
like ûac. 23/8/95 

626.1 1C MNM Folsom Ojitos Frijos, NM Base h g .  23/8/95 
626.1 1F MNM Folsom Oiitos Fnios, NM Base hg. 23/8/95 

Lithic Type 

Folsom . 

F tuted point 

Provenience 

Rio Rancho Site, NM 
Rio Rancho Site, NM 

Condition 

Midsection fhg. 

Midsection h g .  

Date 
Examined 

W819.5 
22/8/95 



Museum 
Reference 
Number 

626. I 1 L 
626.1 1N 

Institution Lithic Type l l Date 
Examinai 

Provenience Condition 

MNM Folsom Ojitos Frijos, NM 
MNM Folsom Oiitos Friios. NM 

Micisection fiag. 1 23/8/95 
Base fiarr, 1 23/8/95 

Folsom 
Proximal hg. 23/8/95 

Corndete 23/8/95 
- - - 

Complete, no edge .grinding 23/8/95 
Com~lete 23/8/95 

MNM 1 Yurna 1 Ute Creek. NM 

based stem. obsidian 1 O/ 1/96 NSM ( GBS (long 1 26 NY 257 stemmedl 

NSM 1 GBS (loq 1 26 NY 257 stemmed) 

Base hg., no edge grinding 

Base h g .  (stem), round- 
based stem 1 10/1196 

1 O/ 1 /96 

GBS (long 
stemmed) 26 NY 257 

Base h g .  (mid-stem), 
obsidian 1 10/1/96 

NSM 1 GBS (long ( 
26 NY 257 stemmedl 

Complete, impact (?) 
damaged tip, lite fluting, no 101 1/96 

dg grinding 

Base h g .  (stem), round- 
based stem 

NsM 1 Clovis (?) ( 

10/1/96 

GBS (long 
NSM sternmed) 26 NY 257 

Base h g - ,  large, fluted(?), 
obsidian 1 O/ 1 /96 

Complete (tip damaged), 
small. obsidian 1 10/1196 

Base h g .  (stem), round- 
based stem, obsidian 

NSM 1 Clovis 1 26 NY 257 

10/1/96 

GBS (long 
sternmed) 26 NY 257 Base h g .  (rnid-stem) / 101 1/96 

Base h g .  NSM 1 Clovis 1 26 NY 257 

NSM 1 Midland (?) ( 
NSM , Clovis Black Rock Desert, NV 

NSM Clovis Black Rock Desert, NV 

Base hg., unfluted Folsom 
similar to Linderneier stlye 

Complete, obsidian 1 10/1/96 

10/1/96 

Clovis Borax Lake, CA 
NSM Clovis 

Complete*, *major impact 
damage, Steve Wallrnann 

donation 
- - 

Base hg.. obsidian 7 1 O/ 1/96 

101 1/96 

NSM GBS (square Carson River, Ormsby 
base) Co., NV 

Complete 

CompIete, obsidian 

GBS (long NSM 
sternmed) Cr.04.I 844 

10/1/96 

9/ 1 196 

Complete, large, no edge 
.grinding 1 O/ 1/96 



. - 

Museum 
Reference 
Number 

304-1844 
11 1 

3-04-1844 
112 

Date 
Examined 

Institution Lithic Type I I Provenience Condition 

Comptete, no edge grinding 

Base frag. j, lightly &, 
NSM 

ground 

GBS (Silver 
Lake) 

GBS (long 
stemmed) 

NSM 1 Clovis 1 Ebbits Pass, NV(?) 

Cr.04.1844 

Cr.04.1844 

Midsection h g .  
-- 

Complete, obsidian NSM 

Complete, obsidian NSM 
Hanging Rock Shelter, 

Hurnbolt 
Nonhem Washoe Co., N\ 

Humbolt 

NSM 1 GBS 1 Jake's Valley, NV 

Hanging Rock Shelter, 
,?iorthem Washoe Co.. bR 

Complete, no edge grinding 

Lahonton Res., Churchill 
NsM 1 Clovis 1 

Co.. NV Complete, tip darnaged 

Clovis 
Clovis 
Clovis 
Clovis 

Complete 
Base h g .  

Base hgs; .  

Proximal section 
Monitor Valley or 

GBS (long Railroad Valley, central 1 sternrned) 1 NV 

Complete (tip damaged), 
l e ,  edge ground 

Complete 
GBS (Silver 

Lake) 

Complete 

NA 

Complete 

Com piete 

NSM 

NSM 1 Clovis 1 NA 
BS (square 

NSM ktemmedl 1 

GBS (long 
stemrned) 

NSM GBS 1 
(Parman?) 

NA 

NA 

CornpIete, obsidian 

CornpIete, obsidiaci, edge 
gro un d 

Base hg. ,  no edge grinding, 
Noves coll. 

BS (square orthern Washoe Co.,NV 
NSM prternrnedl b 
NSM 1 Clovis 1 Pine Creek Well, NV 

- - - -  - - 

Proximal section, slight 
concave base, no edge 
grinding, Noyes coIl. 

Complete, Layton i.d. as 
Humbolt, impact (?) 
damaged, fluted lx 

Complete, small, fluted 

NSM rlainview (?)\ Pine Creek Well, NV 

NSM l Clovis (?) Pluvial Lake Parman, NV I 
NSM 1 Clovis (?) 1 Sarcobatus Flat, NV 



Museum 
Reference 
Number 

1514.G.2 

Institution 

1514-G3 

NA 

NA 
NA 

2M3705.G 
.1894 

NSM 

3M3705.G 
.l7O5 

Lithic Type 

NSM 

NSM 

NSM 
NSM 

NSM 

3'43705.G 
.l8S'i 

GBS 
(Parman) 

NSM 

ZM3705.G 
-1832 

Pr~venience 

GBS 
(Parman) 

Folsom 

Clovis 
Clovis 

Folsom 

NSM 

CM3705.G 
.1836 

ZM3705.G 
.l838 

Soldier Meadows Ranch, 
Rock NV 

Clovis 

NSM 

CM3705.G 
.1840 

CM3705.G 
.1875 

Condition 

Proximal section, large 

Soldier Meadows Ranch. 
Black Rock Desert, NV 
Star Peak, Pershing Co., 

NV 
Summit Lake, NV(?) 
Summit Lake, NV(?) 

Sunshine We11.3C Long 
Valley, NV 

Concave, 
contracting 

basal margin 

NSM 

NSM 

CM3705.G 
.1897 

CM3705.G 
.1904 

CM3705-G 
.l9O9 

Date 
Examined 

PRESSURE flakdflute from 
distal end - might be 

mvorked paleo-fluted type, 
see notebook, obsidian 

Sunshine Well 1, Long 
Valley, NV 

Concave, 
contracting 

basal margin 

NSM 

NSM 

CM3705.G 
.1913 

CM3705-G 
.1914 

91 1/96 

Complete, obsidian 

Complete 

Complete, obsidian 
Cornpiete 

Base h g .  

Sunshine Well 1, Long 
Valley, NV 

Leaf 

Concave, 
contracthg 

basal rnargin 

NSM 

NSM 

NSM 

9/ 1/96 

10/1/96 

10/1/96 
loi1196 

81 1/96 

Complete (tip rnissing), no 
edge grinding 

Sunshine Well 1, Long 
Valley, NV 

Concave' 
contracting 

basal rnargin 

GBS 

NSM 

NSM 

81 1/96 

Base h g . ,  IabeIed Hurnbolf 
but not a basa[ "notch" 

Sunshine WeIl 1, Long 
Valley, NV 

Swhine Valley, Wel' NV " 

Clovis 

Clovis 

Concave, 
contracting 

basal margin 

811/96 

Base h g . ,  no edge grinding. 
poss. impact frac. 

Sunshine Well 1. Long 
Valley, NV 

WeH Long 
Valley, NV 

Concave, 
contracting 

basal margin 

Plainview (?) 

811/96 

Complete 

Base h g . ,  IabeIed Humbolt, 
but not a basal "notch", large. 

no edge grinding 

Well ' ' Long 
Valley, NV 

Sunshine Well 1, Long 
Valley, NV 

Weil Long 
Valley, NV 

8/ 1/96 

8/1/96 

Base frag.. no edge grinding 

Complete, slight tip damage 

Sunshine Well 1, Long 
Valley, NV 

Sunshine Well 1, Long 
Valley, NV 

8/ 1/96 

811196 

Base hg. ,  no edge grinding 

Proximal section, impact (?) 
Fractured tip 

Complete (tip missing). 
\abeled Humbolt, but not a 

basal "notch" 

8/1/96 

8/ 1196 

8/1/96 

Base hg., large 

CornpIete, Clovis-like but no 
flutes or edge grinding 

8/1/96 

8/1/96 



Museum 

SWI-1 

I 1 Concave, 
contracting 

SWI-13 / NSM 1 basal 

margin' 
Concave, 

contracting 
SWI-5 1 NSM 1 basal 

1 1 rnargin* 
Concave, 

Concave, 
CMI7OiG/ NSM 1 

.1902 
contracting 

basal rnar in 

CM3705.G 
.1900 

NSM 

CM3705.G 
.1906 

Concave, 

Concave, 
contracting 

basal margir: 

CM3705.G 
.1907 

SW2-48 1 NSM ( Pinto (?) 

NSM 

I 1 Concave. 

Concave 
Base 

NSM 

contracting 
SW2-57 1 NSM 1 basal 

Concave 
Base 

mar in* 
Concave, 

basal maroir 
Concave 

SW2A-161 NSM 1 Baw 

SWiA-7 / NSM 1 Clovis (?)* 

SWIA-8 / NSM 1 Clovis (?)* 

Provenience I Condition 
1 Date 
Examina 

Sunshine WelI 1, Long h g . ,  small, 'possibly a 911,96 
Valley, NV into point base, edge ground I 

1 Sunshine Well 1, Long 
Valley, NV 

Base h g . ,  large, heavy edge 
grinding, no fluting 

Well I '  Long 
Valley, NV 

1 Sunshine Well2, Long 
~ Valley, NV 

9j1196 

Sunshine WelI 2. Long 
Valley, NV 

Sunshine Well2, Long 
Valley. NV 

Base h g .  

Base frag., small, *possibly a 
Pinto point base. no edge 

grinding 
9/1/96 

Base h g . ,  labeled Hmbolt, 
but not a basal "notch" 

Proximal section, labeled 
Hurnbolt. but nota basa1 
"notch", large, no edge 

grinding 

g/l,90 

8/ 1/96 

Sunshine Well2, Long 
VaIley, NV 

Sunshine WeIl2, Long I 
Sunshine Well2, Long 

Valley, NV 

Base h g .  

Proximal section 81 1 f96 

Base h g . ,  large, no edge 
grinding 

8/1/96 

- -  - - 

*' Long 
VaIley, NV 

1 We'l 2y 'Ong 

Valley, NV 

Base h g .  (stem), small, see 
notebook poss. lite edge 

grinding 

' Sunshine Weil 2. Long 

l Valley, NV 

9/1/96 

Base hg., small, *possibly a 
Pinto point base, no edge 

grinding 

Sunshine Well2A, Long 
ValIey. NV 

9/1/96 

Base h g . ,  large, edge 
ground, no fluting 

! Sunshine Well Zk Long 
Valley, NV 

9/1/96 

Base h g . ,  large, unfinished, 
broken in manufacture 

Sunshine Weil 2A? 
VaIley, NV 

911,96 

Base hg . ,  small, *possibly a 
Pinto point bax, edge 

ground, short lite flute lx 
9/ 1/96 

Base frag., small, *possibly a 
pinto point base, edge 

mound, short rnulti. flute 1 x 
9/1/96 



Museum 
Reference 

-1884 

Date 
Exarnined Ahic Type Provenience Condition 

NSM GBS 

NSM Clovis 

Concave, 
contracting 
asaI margin 

Concave 
Base* 

Sunshine Weil ZB, Long Base Frag., thin in section 
Valley, NV NSM 

NSM 
Sunshine Weil 2B. Long 

Valley, NV 

Base hg.,  small, *possibly a 
Pinto poht base, no edge 

grinding 

NSM 
Sunshine Weil 28. Long 

Valley, NV Clovis (?)* 
Base fiag., small, *possibIy a 

pinto point base, no edge 
grinding, lite fluted 2x 

Concave, 
contracting 
lasai margin 
Concave. 

contracting 
basal margin 

Clovis 

Sunshine WeIl3, Long 
VaIIey, NV 

Base hg . ,  IabeIed HumboIt, 
but not a basal "notch" NSM 

NSM 
Sunshine Well3, Long 

Valley, NV 

NSM 

Base hg. ,  large 

We'l 3' Long ICornpiete, Slight rip damage 
VaIlev, NV 

Concave 
Base NSM 

Sunshine Wei1 3. Long 
VaIley, NV 

Concave, 
contracting 
,asal margin 

CIovis (?) 

Complete, Clovis? No tlutes 
or edge grinding 

Sunshine WeII 3, Long 
ValIey, NV 

Base frag., large, no edge 
grinding or fluting NSM 

NSM 

- . .  

Sunshine Well3, Long 
Valley, NV 

Base ftag., large, no edge 
grinding, multi flute l x  

Concave 
Base* 

Well 3' Long 
Valley, NV NSM 

Base hg.,  large, *probably a 
stem, no edge grinding or 

fluting 

NSM 
Sunshine WelI 3, Long 

Valley, NV 
Clovis (?)* 

Base hg . ,  smalI, *possibly a 
Pinto pouit bare, edge 
ground, lite fluted 2x 

Concave, 
contracting 
)asal margiri 
Concave, 

contracting 
lasal ma@ 
Concave, 

contracting 
lasal mar-gir 

NSM 
Sunshine WeIl3A, Long 

ValIey, NV 

Sunshine Well3A, Long 
Valley, NV 

Base hg., small 

NSM Base frag. 

Sunshine Well3A, Long 
Valley, NV NSM Base h g .  



Museum 
Refereace 
Num ber 

CM3705.G 
-1829 

Institution 

CM3705.G 
.I883 

IM3705.G 
-1891 

Lithic Type 

NSM 

SW3B-165 

Base h g . ,  Iabeled HurnboIt, 
but a basal 8BnOtchW, 
Large, no edge gruiding 

Sunshine Weil Long 
Valley. NV 

NSM 

NSM 

SW3B-166 

Provenience 

8/1/96 
Concave, 

contracting 
basal margin 

Concave, 
contracting 

basal margin 

NSM 

SW38-79 

Clovis 

NSM 

SW3C-64 

Condition 

Sunshine Well3B, Long 
Valley, NV 

Clovis (?) 

NSM 

SW3C-85 

SW3C-89 

Date 
Examined 

Sunshine Well3B, Long 
Valley, NV 

Concave 
Base* 

NSM 

2M3705.G 
.1908 

Base hg . ,  large 

Sunshine Well3B. Long 
Valley. NV 

Concave, 
contracting 

basal 
margin* 

NSM 

NSM 

3ï370S.G 
.1892 

8/1/96 

Base hg., obsidian 

Sunshine Well3B. Long 
Valley, NV 

Concave 
Base 

NSM 

SW4-2 

8/1/96 

Base hg-, large, edge 
ground, lite multi flute lx  

Sunshine Weil 38. Long 
Valley, NV 

Clovis (?) 

Clovis (?) 

NSM 

SW4-4 

9/1/96 

Base hg. ,  srnaIl, *possibIy a 
point bare, edge 

ground, impact (?) damaged 

Sunshine Well 3C, Long 
Valley, NV 

Concave, 
contract ing 

basal margin 

NSM 

SW4-49 

9/1/96 

Base hg. ,  small, *possibly a 
Pinto point no edge 

grinding 

Sunshine Well3C, Long 
Valley, NV 

Sunshine Well3C, Long 
Valley. NV 

Clovis (?) 

NSM Sunshine Well4, Long Base hg. .  large, edge 
Valley, NV ground, no fluting 

SW4-54 

9,1,96 

Base hg., edge ground, 
maI l  

Sunshine WelljD, Long 
Valley, NV 

Concave 
BYe* 

9/ 1/96 

NSM 

SW4-56 

9/ 1/96 

Base hg., Iarge, no edge 
grinding. fluted 2x 

Base hg., large, no edge 
grinding, multi flute l x  

Sunshine We114, Long 
Valley. NV 

r . 

NSM 

ZM3705.G 
.I880 

9/1/96 

9/ 1 /96 

Base frag. 

Sunshine We114, Long 
Valley, NV 

Clovis (?) 

NSM 

8/ 1 /96 

Base k g .  

Clovis (?) 

NSM 

8/1/96 

Base h g . ,  srnall, *possibIy a 
Pinto point base, no edge 

grinding 

Sunshine We114, Long 
Valley, NV 

Well 4* Long 
Valley, NV 

9/1/96 

Sunshine Wei1 4, Long 
Valley, NV 

Clovis 

Base hg,, large, no edge 
grinding, fluted 2x. reworked 

- burin on rnar~in 

Base h g . ,  smalf, *possibly a 
pinto point bare, no edge 

.e,rindïng 

9/1/96 

Base h g . ,  large, edge 
ground, poss. lite multi flute 

1 x 

9/1/96 

Sunshine Wells, Long 
Valley, NV 

9/1/96 

Base frag. 8/1/96 



Museum 
Reference 
Number 

'M3705-G 
-1833 

ZM3705.G 
-18% 

SW6-37 

:M3705.G 
.1708 

lM3705.G 
-1877 

Institution 

S W8-3 

zM3705.G 
.1581 

NSM 

NSM 

NSM 

NSM 

NSM 

ZM3705.G 
.1586 

Lithic Type 

NSM 

NSM 

CM 
705.G.889 

CM 
705.G.897 

CM 
705.G.900 

CM 
705.G.995 

Clovis (?) 

Clovis 

Concave 
Base 

Midland (?) 

Humbolt 

NSM 

'M3705.G 
.1911 

Provenience 

Concave 
Base* 

Clavis* 

NSM 

NSM 

NSM 

NSM 

2053.G.3 
39î.G. 1 18 

3 
!6 Wa00- 

500 

NA 

NA 
NA 

Sunshine Well 6, Long 
Valley, NV 

Sunshine Weil 6, Long 
Valley, NV 

Sunshine Well6, Long 
Valley, NV 

Sunshine Well7, Long 
Valtey, NV 

Sunshine Well7, Long 
Valley, NV 

Concave, 
contracting 

basal margin 

NSM 

103- 1049 

Condition 

Swhine  Well8. Long 
Valley. NV 

Long 
VaIley, NV 

GBS 

GBS 

GBS 

GBS 

NSM 

NSM 

NSM 

NSM 

NSM 
NSM 

103-2643 

Date 
Examined 

Base hg . ,  basal thimed?, 
edge ground 

Base h g .  

Base Frag., large, no edge 
grinding or  fluting 

Complete. "unfluted Folsom", 
no edge p h c i i i ~  

Complete 

Sunshine Well P2, Long 
Valley, NV 

Concave. 
conmcring 

basal margin 

NSM 

811/46 

81 1/96 

9/1/96 

8,1,96 

81 1/96 

Base hg . ,  small, *possibly a 
Pinto point bare, no edgc 

grinding 
Complete, barely fluted - 

basally thinned? Some edge 
gnnding 

Sunshine Well, Long 
Valley. NV 

Sunshine Well, Long 
Valley, NV 

Sunshine Well, Long 
Valley, NV 

Sunshine Well, Long 
Valley, NV 

CIovis 

Clovis 

Clovis 

Clovis 

Clovis 
Clovis 

NSM 

9/ 1/96 

8/1/96 

Base hg. ,  bend frac., no 
edge grinding 

Sunshine Well, Long 
Valley, NV 

GBS (Iong 
stemmedl 

8/ 1 /96 

Base h g .  (stem), edge 
ground 

Base h g .  (stem), no edge 
grinding 

Base frag. (stem), no edge 
grinding 

Base frag. (stem), no edge 
grindinn 

Washoe Lake. NV 

Washoe Lake, NV 

Washoe Lake, NV 

Washoe Lake, NV 

Washoe Lake. NV 
Washoe Lake, NV 

GBS (long 
stemmed) 

10/1/96 

10/1196 

10/1/96 

Base hg . ,  large, no edge 
grinding 

NA 

8/ 1 196 

Distal section, obsidian 

Base h g , ,  obsidian 

Complete, slight tip darnage, 
no edge ginding 

Base h g . ,  obsidian, highly 
weathered 

Complete, small, obsidian 
Proximal section, tip missing 

NA 

10/1/96 

10/1/96 

911,96 

10i1196 
t011196 

Base h g .  (mid-stem), heavy 
edge grinding, poss. impact 

damaged, obsidian 
I0/1/96 

Base h g .  (stem), edge 
mound. obsidian 

1 O/ 1/96 



Museum 
Reference 
Number C I 

103-974 

DjOw l 
27590 
DjOw 1 
2759 1 

-0wl  604 
'Owl 606 E 

Institution 

NSM 

NSM 

NSM 
- 

NSM 

NSM 

NSM 

NSM 
- 

NSM 

NSM 

NSM 

PMA 

PMA 
PMA 

PMA 

PMA 

PMA 

PMA 

PMA 
- -  

PMA 

PMA 

PMA 

Date 
Examined 

CBS (long 
stemrned) 

Condition Lithic Type 
1 

GBS 
Barman) 

Humbolt 

GBS 
(Parman) 

Provenience 

NA 

GBS (square 
sternmed) 

NA 

NA 

NA 

Humbolt 

Humbolt 

Base frag. (stem), edge 
gound, obsidian 

NA 

GBS 
I P m a n )  

IO/1/96 

Complete, obsidian lite edge grindiig, 

Complete, no edge grinding, 
obsidian 

Complete, impact (?) 
damaged obsidian 

NA 

NA 

Humbolt 

GBS (long 
stemmed) 

Scottsbluff 1 DjOw 1, AB 1 Midsection h g .  1 25/9/95 

10/1/96 

10/1~96 

IO/ 1/96 

Base h g .  (stem), lite edge 
grinding, obsidian 

NA 

Scottsbluff 

1011/96 

Base h g . ,  no edge grinding, 
obsidian 

Base h g . ,  no edge grinding, 
obsidian 

NA 

NA 

10/1/96 

1 O/l/96 

Base h g .  (stem), Iite edge 
grinding, obsidian 

DjOw 1, AB 

Scottsbluff 
Scottsbluff 

10/1/96 

Base h g . ,  no edge grinding, 
obsidian 

Base h g .  (stem), edge 
ground, obsidian 

Clovis 

1011,96 

1 0/1/96 

Base h g .  

DjOwl, AB 
DjOw 1, AB 

FhPr area, Cameron 
Clovis 1 Collection 

25/9/95 

FhPr area, Cameron 
Collection 

l 

Clovis 

Cornplete, large 
Distal hg . ,  tip 

Base sec. 

Clovis 

25/9/95 
25/9/95 

Base sec. 

25/9/95 

FhPr area, Cameron 
Collection 

Clovis 

25/9/95 

FhPr area, Cameron 
Collection 

1 

, Clovis 

Complete 

FhPr area, Cameron 
Collection 

Fluted, 
oncave base 

25/9/95 

Complete 

1 

FhPr area, Cameron 
Collection 

Clovis 

25/9/95 

Base sec. 

FhPr area, Carneron 
Collection 

25/9/95 

Base hg., unfinished, 
snapped, no edge grindine 

FhPr area, Cameron 
Collection 

2519,95 

Complete 25/9/95 

Base h g .  25/9/95 



Museum 
Reference 
Number 

Institution Lithic Type Provenience Condition 

FhPr area, Can 
ClnI lectior 

Fluted, 
P M A  triangu 1 ar, FhPr are* Cameron 

ColIection 
Complete 

concave base 

PMA Clovis FhPr area, Cameron 
ColIection Base hg .  

PMA Clovis FhPr area, Cameron 
CoIlection Complete, tip damaged 

P m  1 Clovis 1 FhPraie% Camemn 1 Re-rharpened nubbin Collection 
Fluted, FhPr area, Cameron Complete, 1 side fluted, no 

zonciive base Collection edge grinding 
- - 

FhPr are* Cameron PMA triangular, Poss. Clovis, small 
Collection concave base 

Fluted, FhPr are* Cameron 
concave base Collection Unfinished Clovis? 

1 

PMA 1 Clovis 
1 FhPr area, Camemn 

Collection 1 Cornplete, Yi8 1 l'? 

PMA 1 Clovis 1 NA 1 CompIete 
PMA Clovis NA Complete 
PMA Clovis NA Complete 

PMA 1 McKean 1 NA ( Comptete, tip damaged 

1 Complete, no edge grinding 

PMA /Agate Basin 1 NA 1 Complete, tip damaged 

PMA 1 Plainview l 
- -- - 1 Complete, tip damaged 

PMA 1 Clovis (?) 1 NA 1 Complete. no edge grinding 1 
PMA rn 1 Clovis (?) . 1 NA 1 Complete, no edge grindina 1 
PMA Clovis (?) 1 NA Cornpiete, no edge grinding 
PMA clovis (?) 1 NA CompIete, no edge grinding , 



Museum 
Reference 
Num ber 

N A  
N A  

b 

Institution 

NA 
N A  

PMA 
PMA 

NA 
NA 

NA 1 Complete. no edge grinding 1 25/9/95 

Lithic Type 

PMA 
PMA 

NA 
N A  
N A  

H63-5-8 1 PMA 1 McKean 1 NA, GraceCollection 1 Complete 1 25/9/95 

Clovis (?) 

Clovis (?) 

PMA 
Ph4A 

1 61-4-672 1 PMA 1 Dalton 1 NA, Howard Collection 1 Complete 1 25/9/95 1 

Provenience 

Clovis (?) 

Clovis (?) 

PMA 
PMA 
PMA 

NA 
NA 

Clovis (?) 

Clovis (?) 

gPr2 68861 PMA 1 Clovis 1 Sibbald Creek, AB 1 Base h g .  1 25/9/95 

Condition 

NA 
NA 

Clovis (?) 

Clovis (?) 

Clovis (?) 

EgPr2 373 1 

Pgpr2 88851 PMA 1 Clovis 1 Sibbald Creek, AB 1 Base hg..  black trac./dac. 1 25/9/95 1 

Date 
Examined 

Complete, no edge grinding 
Complete, no edge grinding 

NA 
NA 

25/9/95 
25/9/95 

Complete, no edge grinding 
Complete, no edge grinding 

NA 
NA 
NA 

PMA 

25/9/95 
25/9/95 

Complete, no edge grinding 
Complete. no edge grinding 

EgPr2 NA 

25/9/95 
25/9/95 

Complete, no edge grinding 
Complete, no edge .ginding 

Complete, no edge grinding 

Sternrned 

1963.1 590 
# 18586 

25/9/95 
25/9/95 

25/9/95 

PMA 

NA 

NA 

1968*104'1 
7 

! 934.2.1 
#4904 

1963.1S7 

1963.1 -699 

Sibbald Creek, AB 

SDMM 

196 1.12.1 - 

Clovis 

SDMM 

SDMM 

SDMM 

SDMM 

SDMM 

SDMM 

Complete, Cody (?), edge 
ground 

Clovis 

SDMM 

25/9/95 

Sibbald Creek, AB 

Concave 
Base 

Concave 
Base 

Humbolt (?) 

Clovis 

GBS (Silver 
Lake) 

GBS (Silver 
Lake 

Fossil Spring Site, 
Northcenuat San 

Bernadino Co., CA 

Folsom 

Complete, nubbin, no edge 
grinding 

Leach Dry Lake, NW San 
Bernadino Co., CA 

Leach Dry Lake, NW San 
Eemadino Co., CA 

NS-25 

Pine Hills, San Diego Co., 
CA 

South Granite Lake, N W  
San Bernadino Co., CA 

South Granite Lake, N W  
San Bernadino Co., CA 

25/9/95 

Complete (tip rnissing), edge 
ground 

St. Thomas Pueblo, NV 

1 51 I 196 

Comptete, obsidian 

Camplete, tip 

Proximal section, massive 
impact(?) fracture 

Complete (2 pieces), large, 
quartz crystal 

Complete 

Complete 

i5/1/96 

t 5/1/96 

15/1/96 

15/1/96 

151 1/96 

15/ 1/96 

Complete, thick, no edge 
grindine, 15/1/96 



Museum 
Reference 
Number 

1963.1 -576 

1963.1.578 
# 18974 

20- 167-8-4 
33-17-2-2 
33-2-13-39 

33-20-1-5 

33-21-1-1 

33-2 1 - 1-3 
33-21-1-6 - 

Institution 

SDMM 

SDMM 

33-23-1-4 

33-23-1-60 

TBC 
TBC 
TBC 

TBC 

TBC 

TBC 
TBC 
- -- 

34- 1 1- 1-60 

34- 1 1-4-22 
34- 1 1-4-65 

Litbic Type 

Clovis 

Clovis 

TBC 

TBC 

34-2-12-10 
34-2- 13- 

152 
34-2-13- 

332 
34-2- 13- 

276 
34-2- 13- 

30 1 

34-2- 13- 
3 02 

Clovis 
Folsom 
Folsom 

Foisom 

Folsom 

Folsorn 
Folsom - 

TBC 

TBC 
TBC 

34-2- 13- 
303 

Provenience 

Tietfort Basin, NW San 
Bernadino Co., CA 

White River Sink, Lincoln 
Co., NV 

FoIsom 

Folsom 

34-2- 13-3 1 

34-2-13-4 

Surface 
Surface 
Surface 

Surface 

Surface 

Surface 
Surface 

Clovis (?) 

Folsom 
Folsom 

TBC 1 Folsom 

TBC 

34-2-1341 

34-2- 13-8 1 

34-2-14-3 
34-2-14-5 

Condition 

Proximal section, massive 
impact (/) damage, obsidian 

Proximal section, obsidian 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

TBC 

TBC 

TBC 

TBC 

TBC 

I 

TBC 

TBC 

Date 
Examined 

15/1/96 

1 5/ 1/96 

Midsection h g . ,  split 
Midsection hg., spIit, 

DistaI hg., tip 
Midsection hg. ,  split, 

obsidian 
Midsection hg. ,  radial 
break split, obsidian 
Proximal sec.. split 

Distal sec., large tip h g .  

Surface 

Surface 
Surface 

Channet 
flake 

Channel 
flake 

Channel 
fiake 

Channel 
flaùe 

Channel 
flake 

Channel 
fl ake 

TBC 

TBC 

TBC 
TBC 

29/8/95 
3 1/8/95 
3 1 /SI95 

3 1/8/95 

3 Il8195 

3 1/8/95 
3 1/8/95 

Midsection hg., split. 
Distal hg.,  tip, impact (?) 

darnaged 

Proximal sec. (tip missinq) 

Proximal sec. 

Proximal sec., obsidian 

Midsection frag. 

Midsection h g .  

Proximal sec. 

Folsorn 

Folsom 

3 1/8/95 

3 1/8/95 

Base hg., identified as 
Folsom 

Midsection hg . .  near tip 

Distal hg., tip 

3 1/8/95 

3 1/8/95 

3 1/8/95 

3 1/8/95 

3 1/8/95 

3 1 /8/95 

Surface 

Folsorn 
Channel 

Fiake 
Folsom 
FoIsom 

3 1/8/95 

3 1/8/95 
3 1/8/95 

Surface 

Surface 

Midsection frag. 

Surface 

Surface 

Surface 
Surface 

3 1/8/95 

Proximal sec. (tip missing), 
obsidian 

Midsection frag., split, poss. 
impact damage4 obsidian 

3 1/8/95 

3 1/8/95 

Base sec.. split 

Proximal sec. 

Base frag. 
Micisection frag. 

3 1/8/95 

3 1/8/95 

29/8/95 
29/8/95 



34-2-23-3 1 TBC 1 Folsom 1 Surface 1 Midsection h g .  1 31/8/95 

Museum 
Reference 
Nurnber 

Institution 

34-2-3 1-1 

34-2-5-1 
! 

34-3-3-2 

34-3-3-6 

Lithic Type 

TBC 

TBC 

3442-20 

34-4-3-10 

TBC 

TBC 

34-4-3- 1 03 
34-4-3-110 

34-4-3-1 14 

34-4-3-115 
34-4-3-12 
34-4-3-135 

34-4-3-1571 TBC 1 Folsorn 1 Surface ! Midsection h g .  1 29/8/95 

Provenience 

Clovis 

Folsom 

TBC 

TBC 

34-4-3- 136 

Folsom 
( rab+ 
Clovis 

TBC 
TBC 

TBC 

TBC 
TBC 
TBC 

Condition 

Surface 

Surface 

FoIsom 
FoIsom 
(prob.) 

TBC 

34-4-3- 164 

Date 
Examined 

Surface 

Surface 

Folsom 
Clovis 
Folsom 
prefom 
Folsom 
Clovis 
Clovis 

34-4-3- 175 

Proximal hg . ,  missing basal 
ears 

Midsection hg. ,  obsidian 

Surface 

Surface 

Folsom 

TBC 

34-4-3-8 

34-4-3-82 
34-4-3-86 

29/8/95 

3 1/8/95 

Midsection h g .  

Base h g . ,  reworked 

Surface 

Surface 

Surface 

Surface 
Surface 
Surface 

TBC 

3 1/8/95 

29/8/95 
Midsection h g .  

Distal hg. ,  tip, poss. tip 
damage, obsidian 

Surface 

Folsom 
prefom 

TBC 

TBC 
TBC 

3 1/8/95 

3 1/8/95 

Proximal sec. (tip missing) 
Base frag., obsidian 

Midsection h g .  

Base fiag. 
Distal hg. ,  pitchstone 

Base fiaa. 

FoIsom 

29/8/95 

29/8/95 

29/8/95 

29/8/95 
29/8/95 
29/8/95 

Midsection h g . ,  poss. 
impact damage 

Surface 

Clovis 

Clovis 
Clovis (?) 

29/8/95 

Surface 

Base h g . ,  split 

Surface 

Surface 
Surface 

29/8/95 

Proximal sec. (tip missing), 1 
ear missing 79/8/95 

Midsection h g . ,  impact 
damaged?, pitchstone 

Base h g .  
DistaI hg. ,  obsidian 

29/8/95 

29/8/95 
29/8/95 



Museum 
Refereoee 

1 Number 

34-4-3-671 TBC 1 Clovis 1 Surface 1 Base h g .  1 29/8/95 1 

34-4-3 160 
3447-56  
34-4-9-89 

34-4c-3-66 

Institution 

TBC 
TBC 
TBC 
TBC 

34-5-24 

Lithic Type 

348-2-26 
34-8-2-3 

Clovis 
Folsom 
Folsom 
Folsom 

TBC 

34-8-2-48 

A327 16 

A32718 

A33 11 1 1 UA 1 Clovis 1 Murrav S~rings. Aï 

Provenience 

TBC 
TBC 

A32992 

CIovis 

TBC 

UA 

UA 

A47139 1 UA 1 Clovis 1 Murray Springs, AZ 

Condition 

29/8/95 
3 1/8/95 
3 1/8/95 
3 1/8/95 

Surface Base hg. ,  pitchstone 

FoIsom 
Foisom 

UA 

A331 16 
A33324 
A33917 

A42932 

A47140 1 UA 1 Clovis 1 Murray Springs, AZ 

Date 
Examined 

Surface 
Surface 
Surface 

Surface 

FoIsom 
Unknown 

(prob. 
CIovis) 
Clovis 

A47162 1 UA 1 Clovis 1 Murray Springs, AZ 

Midsection bg. 

Midsection hg.. spIit, 
Base h g .  

Surface 
Surface 

Clovis 

UA 
UA 
UA 

UA 

553-100 1 OSMA 1 Clovis 1 Dietzsite. OR 

Proximal h g .  (tip missing), 
unfmished 

Surface 

Murray Springs, AZ 

Murray Springs. Aï 

553-107 1 OSMA 1 1 Dietz site. OR 

19/8/95 

Distal sec. 
Base sec. 

Murray Springs, AZ 

Clovis 
Clovis 
Clovis 

Channel 
ff ake (or 

impact flake) 

Complete 1 15/8/95 

3 1/8/95 
3 1/8/95 

Midsection h g .  

Distal frag. 

Preforrn? 

Murray Springs, AZ 
Murray Springs. AZ 
Murray Springs, AZ 

Murray Springs, Aï 

Complete, obsidian 1 15/8/95 

3 1/8/95 

1 5/8/95 

15/8/95 
Complete (very slight tip 

damage) 

Distal section, tip darnaged 1 15/8/95 

5/8/9 

Complete 1 15/8/95 

8ase frag. 

15/8/95 
15/8/95 

Proximal section 15/8/95 

15/8/95 

Base kg . ,  no edge grinding, 
1 9t2296 

Frag., obsidian 19/2/96 

553- 109 

553-1 1 1  

OSMA 

553-1 13 
553-1 15 

OSMA 

553-1 16 

Square 
stemmed 

OSMA 
OSMA 

553-1 17 

Dietz site, OR ase frag., impact(?) fracture, 
obsidian 19/2/96 

Channel 
flake 

OSMA 

553-1 18 

Clovis 
Clovis 

OSMA 

Dietz site, OR 

Clovis 

OSMA 

Dietz site, OR 
Dietz site, OR 

Channel 

Frag., obsidian 

Dietz site, OR 

CIovis? 

I9U96 

Distal sec., obsidian 
Midsection, obsidian 

Dietz site, OR 

19/2/96 
19/2/96 

Near complete, small, 
obsidian 

Dietz site, OR omplete, "reworked Clovis", 
obsidian 

19/2/96 

Frag., obsidian (mahog) 

20/U96 

20/2/96 



Museum 
Reference 
Num ber 

553-12 
553-133 

553-143 1 OSMA 1 '",El 1 Dietzsite, OR 1 Frag., obsidian 1 19/2/96 1 

Institution 

553-14 
553-142 

OSMA 
OSMA 

553-16 1 OSMA 1 Clovis 1 Dieu site, OR Micisection. obsidian 1 19/2/96 

Lithic Type 

OSMA 
OSMA 

553-153 

553-159 

Clovis 
Clovis 

Provenience 

CIovis 
Fluted? 

OSMA 

OSMA 

553-160 

553-168 

553-174 

553-176 

553-18 

553-180 

Diea site, OR 
Dietz site, OR 

553-187 

Condition 

Dietz site. OR 
Dietz site, OR 

WPL 
stemmed 

Clovis 

OSMA 

OSMA 

OSMA 

OSMA 

OSMA 

OSMA 

553-188 

Date 
Examined 

Midsection, obsidian 
Micisection, obsidian 

OSMA 

553-19 

20/2/96 
19/2/96 

Dist.1 sec., obsidian 
Midsection, biface, obsidian 

Diea site, OR 

Dieu site, OR 

Channel 
flakp 
W L  

stemmed 

Clovis 

Cougar Mt. 
stemmed 

CIovis 

Channel 
flake 

OSMA 

553-196 

19/2/96 
19/2/96 

Clovis? 

OSMA 

553-199 

Proximal sec., no edge 
grinding, impact (?) hcture, 

obsidian 
Distal sec.. obsidian 

Diea site, OR 

Dietz site, OR 

Dietz site, OR 

Dietz site, OR 

Dietz site, OR 

Dietz site, OR 

Clovis 

OSMA 

553-201 

553-233 

30/2/96 

19/2/96 

Dietz site, OR 

Clovis 

OSMA 

553-234 

553-238 

Frag., obsidian 

Base h g .  

Distal sec., reworked, 
obsidian 

Base h g .  

Base frag., large, edge 
gound, bend w/ "spinoffs 
same as #553-2. obsidian 

Frag., obsidian 

Dietz site, OR 

Clovis 

OSMA 

OSMA 

19PJ96 

19/2/96 

19PJ96 

19/2/96 

3012196 

19IY96 

CompIete, unfluted, no edge 
grinding. obsidian 

Dietz site, OR 

Clovis? 

OSMA 

OSMA 

201296 

Base hg . .  no edge grïnding, 
obsidian 

Dietz site, OR 

Clovis 

Channel 

19/2/96 

Proximal sec., no edge 
grinding. obsidian 

Dietz site, OR 

Clovis 

Clovis 

19/2/96 

Base hg. ,  heavy edge 
grinding, obsidian 

Dietz site, OR 

Dietz site, OR 

19/2/96 

Complete, "Clovis", fluted, 
straight base. no edge 

grinding, obsidian 

Dietz site, OR 

20Eî96 

Base hg . ,  large, edge 
ground, obsidian 

Frag., obsidian 

19/2/96 

19/2/96 

Base hg., no edge grinding, 
obsidian 2012196 

Dietz site, OR ,Base frac.. srnaII, brown chal. 19/2/96 



Museum 
Reference 
Num ber 

553-239 

Provenience Condition 1 Dite 
Examinec 

OSMA 

I Complete, srna11 (on channel 
OSMA Dietz site, OR flake?), no edge grinding, 

Clovis Diea site, OR 

19/2/96 

OSMA 

OSMA 

OSMA 

ground, obsidian 
Base hg., large, edge 

Channel 
nake 

Clovis blank 

OSMA Dietz site, OR 

19/2/96 

Clovis 

OSMA 

OSMA 

OSMA 

OSMA 

OSMA 

Dietz site, OR 

Diea site, OR 

Near cornplete (1  ear and tip 
rnissing), no edge grinding, 

OSMA Clovis Dietz site, OR 

Dietz site, OR 

20W96 

Square 
sternmed 

CIovis 

Clovis 

CIovis bIank 

Clovis 

Channel 
OSMA 1 flake Dietz site, OR 

Frag., reworked obsidian 

Midsection hg. ,  "Clovis 
blank", obsidian 

Unspecified 
OSMA paleoindian Diea site, OR 

biface 

Cornplete, small. no edge 
grùiding. obsidian 

ChanneI 
Dietz site, OR 

19/2/96 

20/2/96 

Midsection, edge ground, 
obsidian 

Dietz site, OR 

Dietz site, OR 

Dietz site, OR 

Dietz site, OR 

Dietz site, OR 

2012f96 

Frag., obsidian 

20/2/96 

Complete, "grey dorite" 

20/2/96 

Frag., obsidian (rnahog) 

WPL 
OSMA stemmed Dietz site, OR 

Channel 
OSMA 1 flake? 1 Dietz site, OR 

I9i296 

Base hg. ,  edge ground, 
obsidian 

Complete, nubbin, edge 
ground O bsidian 

Near cornpiete, edge ground, 
obsidian 

obsidian 
Near complete, fluted, 

Base sec., no edge grinding, 
obsidian (mahog) 

20/2/96 

Complete, obsidian 

Ear hg., obsidian 

Base hg., edge ground 

OSMA 

OSMA 

Channel 
OSMA 1 flake? 

19PJ96 

19P296 

1 9m96 

20/U96 

20PJ96 

2012196 

19m96 

19/U96 

Frag., obsidian (mahog) 

OSMA 

CIovis 
Square 

sternmed 

201U96 

Dietz site, OR 

Dietz site. OR 

Dietz site, OR 

Clovis 

Frag., "channel flake hg.", 
obsidian 20#96 

Dietz site, OR Cornplete, small, reworked, 
no edae nrindinn. obsidian 201U96 



Museum 

1 

Lithic Type 

1 

Date 
Exarnined Provenience Condition 

Clovis 1 Dietz rite, OR 
Base h g . ,  no edge grinding, 

obsidian 1 19n196 

Base frag., no edge grinding, 
obsidian 

1 19/2/96 Dietz site, OR 

Cascade 1 Dietz site. OR Near com~lete, obsidian 1 20n196 

Lanceoiste 1 Dietz site, OR 
Proximal sec., large, "Cougar 

Mt,"?, edge ground 
20/2/96 

Clovis 1 Base h g . ,  no edge grinding, 9/z96 
obsidian Dietz site, OR 

Lanceolate Dietz site, OR 
Proximal sec., large, "Cougar 

Mt-"?, no edge grinding, 20P296 
semted mar ins 

Base hg. ,  edge ground, 
obsidian, massive impact(?) I9/2/96 -i Clovis Dietz site, OR 

Cougar Mt. Dietz site, OR 
stemrned 

Cornplete , obsidian 1 9/2/96 

Windust Dietz site. OR 
Cougar Mt. Dietz site, OR 

Base frag., edge ground, 
obsidian 

1 19/2/96 Clovis 1 Dietz site, OR 

Square 
stemmed 1 Diee site, OR 

Proxima1 sec., no edge 
a-indinrr. obsidian 

- -  

Base hg.. small. obsidian r 19/2/96 

Clovis Dietz site, OR 
Base hg . ,  edge ground, 

impact(?) fracture, obsidian 
20PJ96 
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