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ABSTRACT 

     This thesis uses experimental archaeology as a method to discover the functional 

differences between Clovis and Folsom projectile points filtered through a behavioral 

ecology paradigm. Porcelain is used as a substitute for tool stone for its consistency and 

control value. The experiment was devised to find out which technology, Clovis or 

Folsom, was more functional, had a higher curation rate and contribute to increased 

group subsistence. Paleoindian tool technology transitions can be seen as indicators for 

adaptation triggered by environmental conditions and changes in subsistence. Folsom 

technology, when compared to Clovis technology, was functionally superior in 

performance, refurbishment and curation. Technological design choices made by Folsom 

people were engineered toward producing a more functional tool system as a sustainable 

form of risk management. The Clovis Folsom Breakage Experiment indicates that 

Folsom tool technology was specifically adapted to bison subsistence based on increased 

functionality and curation.  
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INTRODUCTION 

The comparison in breakage between Folsom and Clovis projectile points in this 

thesis is used to assess the functionality and strength between the two projectiles. 

Projectile points are the key diagnostic artifacts of Clovis and Folsom assemblages 

(Buchanon et al. 2011:852). Ceramic copies of complete Clovis and Folsom projectile 

points were broken to demonstrate the functional differences between Clovis and Folsom 

projectile point technology. Lithic technologists have been studying stone tools since the 

1890s. Research on complete points has given archaeologists insights into the technology 

used to produce projectile (Odell and Cowen 1986, Andrefski 1998, Bradley 2010, 

Whittaker 2010). Researching broken points from kill sites can answer questions on 

production, hafting, type of weapon used and functionality (Ahler and Gieb 2000). This 

research began with a literature review of Clovis and Folsom kill sites on the Great Plains 

and the Southwest. After looking at the literature I began to see patterns in breakage on 

Clovis and Folsom sites indicating a difference in strength and possibly weapons use. I 

began to formulate a research plan that would replicate Clovis and Folsom breakage and 

answer the questions of strength and functionality between Clovis and Folsom points as 

well as type of weapon used. This research I call the “Clovis and Folsom Breakage 

Experiment (CFBE).  

 Archaeologists today recognize that Clovis technology transitioned into Folsom 

technology and the transition involved a number of alterations in behavior (Collard et al. 

2010: 2513). The most conspicuous alteration was the change in projectile: Folsom points 

tend to be smaller and have more invasive channel flakes when compared to Clovis 

points (Collard et al.2010: 2513). The reasons for the transition are thought to be 

environmental changes that affected prey choice. Was it function? Which projectile point 
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was more functional? Which point had a higher curation rate? How does time spent 

producing points correlate to curation, subsistence and hunting techniques? Did the 

transition increase successful subsistence strategies? To answer these questions ceramic 

points were used in a breakage experiment.  

 The use of ceramic as a material for tool is a unique research method not used before 

in this type of experiment. Ceramic technology was used to copy Clovis and Folsom 

projectile points. Then kiln fired and hafted to foreshafts. The foreshafts were then 

inserted into a main shaft which was then propelled into a target using a crossbow. This 

experiment was to reproduce Clovis and Folsom projectile point breakage found in the 

archaeological record so that the breakage could be analyzed and compared to breakage.  

 Use-wear studies typically study edge wear or polish on tools to determine how tools 

were used. Use-breakage is specifically defined in this thesis as the study of tools 

damaged during their use. Studying projectile point use-breakage allows the researcher to 

study the system or systems used in the context of a kill site by classifying each break as 

a means of determining the answer to specific research questions.  These questions regard 

how points were used, the transitions in technology from one point to another and how 

this information can be applied to hunter-gatherers and their decisions on stone tool use, 

production and subsistence.  This thesis research explores the overall question of 

projectile point strength between Clovis and Folsom points but also explores the more 

complicated questions pertaining to transitions in projectile point technology.  

  Experimental archaeology is a field of study within archaeology that is an effective 

way for archaeologists to test the archaeological hypothesis involving technology. 

Experimental archaeology is used to investigate how tools are made, how architecture 
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was built, how farming techniques were applied and how ceramics were made, among 

other examples. When applied to lithic technology, experimental archaeology can work 

by creating analog systems to test functionality and technical aspects of projectile points 

and the systems they were used in. When applied to use-wear studies, at both the micro 

and macro scale, it commonly involves experimental approaches (Khreisheh et al. 2013: 

43). Experimental archaeology recreates tools and tool systems, and then tests them to 

provide a means of discovering functionality and why one technology was used over 

another in a specific time period. The answers are important to gain insights into 

individual and group choices in technology and technological innovations based on 

environment. My research goal was to carry out a lithic experiment to show how 

experimental archaeology can be used effectively to answer questions of functionality, 

hunting strategies and economic multipliers. 

 To accomplish the task of determining the functionality of Clovis and Folsom 

technology the use of chert and other Paleoindian tool material was ruled out. The 

reasons are that to produce the type of points needed would have been expensive. Tool 

stone has flaws that could have biased the results from the experiment. Other materials 

that were considered were industrial plastics similar to Formica, epoxy and ceramic. The 

material had to mimic the attributes of tool stone and it needed to be flakable and 

consistent with no internal flaws. Another factor was that the process had to be able to 

produce the quantity needed and be able to be replicated in future experiments. Also flint 

knapping is an inconsistent process when trying to duplicate projectile points. Porcelain 

was chosen because it has properties similar to traditional tool stone material, but as a 

synthetic material, it can be shaped using a mold (Khreisheh et al. 2013: 37). Ceramic 
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material can be acquired at little cost and is readily available. Porcelain is also a 

consistent material that acts as an experimental control.  

Definitions 

 Projectile point use-breakage is defined in this thesis as any broken projectile point 

found in association with a kill site. The scenario being replicated is a single point used 

one time during a hunting event. Within the definition of the term use-breakage are 

damage types which are defined as follows.  

 An impact fracture produces thin flakes classified as feather termination flakes with 

an edge all around and are the same type of flake that flintknappers use in producing a 

biface (Odell 2003:57). Impact fractures typically occur at the distal end of the point and 

examples are prevalent in points found in the archaeological record. Impact fractures can 

also occur on the basal end of projectile points in the form of broken ears and bases when 

the force of the impact is transferred through the point to its base forcing it into the 

foreshaft.  

 Bend breaks also called snap breaks are the most common type of break and caused 

when force is applied obliquely to the edge of the tool pushing the tool material beyond 

its elastic limits, causing a “fracture in bending” oriented laterally (Odell 1981: 198). 

Oblique is any angle that is not a right angle. Bend breaks form away from the point of 

impact. The stress of the impact attempts to “bend” brittle material (Andrefski 2013: 28).  

Snap breaks occur when pressure is applied from an oblique angle to either the distal end 

of the projectile point or to the body of the point upon impact. Energy produced during 

impact travels through the point until it reaches a weak area, usually a platform along the 

margin or transitional area on the projectile point. Bend breaks do not produce a bulb of 
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percussion but may produce a small lip or overhang at the point of impact and lack 

secondary breaks often produced by Hertzian cone break (Odell 2003:48).  

 A basal snap break on a Clovis point can occur in any section of the hafting element 

because the hafted section of the Clovis point is the weakest.  This weakness is caused by 

the combination of the material, hafting element, and small platforms in the margin 

parallel to the channel flakes produced during production, the impact and the flexibility 

of the wooden foreshaft.        

 When pressure is applied to the wooden haft from use as a knife, thrusting or the 

pressure from impact when thrown, that pressure is transferred to the projectile point 

which breaks at its weakest point. A hinge fracture is defined as force directed 

perpendicular to the distal end of the projectile point bisecting the edge and may operate 

on a Hertzian cone principle and cause a “point-cone initiation” and may reflect 

excessive outward force applied to the stone (Odell 1981:199).  

 Crushing fractures result from an impact on a hard unyielding surface such as a 

boulder or stump and affects the distal end of the point but can also express along the 

margins in many cases (Titmus and Woods 1986: 43). Crushing results in an overlapping 

series of undulating flakes that terminate on the tool face or leave deep step fractures at 

the point of impact (Titmus and Woods 1986: 43).  

 A shear fracture also known as a burin break is an impact that causes a break from 

the distal end of the point to the proximal end along a longitudinal axis (Titmus and 

Woods 1986, 45). The term shear break will be used herein because it better describes 

this type of break. A burin is a tool and should not be confused with a breakage type. 

Unlike bending breaks, shearing breaks start in the margin and can result in the splitting 
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of the cone of percussion leaving a flake scar that forms a right angle on the edge of both 

faces and do not leave a hinged or lipped termination (Titmus and Woods 1986: 43). The 

types of breakage defined above are not the only definitions used in breakage studies but 

they best fit the Clovis/Folsom comparison in this thesis.  

  Hafting is defined as a projectile that is attached by sinew and mastic to a foreshaft. 

A projectile point’s hafting strength is its ability to stay hafted during use. Projectile point 

strength can be defined using each of the terms above but overall strength projectile point 

strength as a definition in this thesis is the combination these categories.  

  The term economic multiplier is defined in this thesis as any tool or technology that 

creates an increase in subsistence ability. For example changes in projectile points 

allowing for increases in successful hunting strategies, higher curation rates and increased 

functionality allow for greater procurement success. Folsom technology and specifically 

the Folsom point is identified as a more effective economic multiplier than Clovis 

technology. Folsom technology allowed hunters greater success rates through a 

technological advance, successful hunting strategies and the ability to achieve 

consistently higher rates of procurement.  

 Of the types of materials classified below used in the production of projectile points 

each has its own hardness, each has a cryptocrystalline or amorphous silicate structure 

and are without cleavage planes. Quartz has a glass-like luster and lacks cleavage planes. 

Although it usually white or colorless, it may be found in a variety of colors due to 

impurities (Kooyman 2000: 28). Quartz has an approximate hardness on the Mohs scale 

of 7.0 (Kooyman 2000: 28). Quartz as a tool material is difficult to flintknapp due to a 

high degree of weathering when outcrops are exposed. Quartz projectile points have been 
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found in the archaeological record, however quartz as a tool stone did not become 

prevalent until after the Archaic in the form of large processing tools and small flakes 

used as cutting tools and scrapers. 

 Chert is the general term used for all sedimentary rocks composed primarily of 

microcrystalline quartz, including flint, chalcedony, agate, jasper, hornstone, novaculite 

and many precious gems (Luedtke 1992:5). Cherts are typically found in massive 

deposits in beds and layers in or under limestone but can also be found in nodular form 

(Kooyman 2000: 28). Chert is formed of 99% silica, 1% extra-crystalline water and has a 

Mohs hardness of 7.0. Chalcedonies have a Mohs hardness of 6.5 and the best criterion 

for classification as chalcedony is a fibrous structure but archaeologists often classify 

chalcedony by its translucent properties (Luedtke 1992: 6). Jasper is chert with a high 

percentage of added minerals that produce the colors red and brown. Jaspers have a dull 

luster with an approximate Mohs hardness of 7.0 (Kooyman 2000: 30). Silicified wood, 

commonly known as petrified wood is formed when logs are impregnated in silica after 

being covered by volcanic ash (tephra) which itself is made largely of tiny bubbles of 

highly soluble silica glass (Luedtke 1992: 34). Silicified wood can also form in or above 

or below a bed of sandstone such as the Petrified Forest in northeastern Arizona. 

However most petrified wood is considered agate or banded chert and often the residual 

wood structure or the grain of the wood determines how the petrified wood fractures. 

Petrified wood can be good material for the production of tools when its structure is fine-

grained and without cleavage planes (Black Forest petrified wood, Black Forest, 

Colorado) but it is uncommon to find without cleavage planes.  



15 

 Other stone materials used in stone tools production are acrystalline silicates which 

are igneous rocks classified by grain size due to different rates of cooling (Balme, 2006: 

163). Obsidian is a volcanic glass with very tight acrystalline structure with a Mohs 

hardness of 6-7. The tight acrystalline structure allows for fast and efficient tool 

production with extremely sharp edges.  The drawback to obsidian is its brittle nature and 

because of this weakness was used by Paleoindians sporadically.  

 Basalt, andesite and rhyolite have a fine-grained structure with a hardness of 6-7 and 

depending on silica content can be used in flake tool production. These materials are 

considered to be brittle when used as projectile points. Chert or flint are longer lasting 

materials and were preferred by Paleoindians when producing projectile points.   
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BACKGROUND 

 Experimental archaeology is an important component in middle range theory. The 

following experiments below were carried out by archaeologists with specific questions 

that could be answered using experimental archaeology as their method. These are all 

experiments that helped to formulate my approach to solving the problem, “How can I 

test the strengths and weaknesses between Clovis and Folsom projectile points?”  

 David Anderson (2010) completed an experiment comparing the morphologies of 

different points to determine how much damage each style of projectile point created.  

The experimental goals were to illustrate how large of a hole could be made by a 

projectile point and to measure penetration produced by each projectile point. Anderson 

concluded that wider, shorter projectile points caused the most damage. Anderson used 

ballistics gel as a target but is not a good analog for measuring penetration because it is 

too soft and too easily damaged. The use of ballistics gel as a target made penetration 

measurements inconsistent. Anderson’s experiment helped to exclude ballistics gel as a 

backstop to measure penetration in my own experiments.  

 John Shea’s (2001) experiment used crossbows with Levallois points hafted to 

crossbow bolts to study the relationship between Levallois point morphology and their 

performance as spear points (Shea 2001:807). Shea’s experiment helped me choose a 

crossbow as a mechanical propulsion system for my own experiment. The consistent 

force created when using a crossbow adds another control. The speed of each shot when 

using the crossbow does not vary.  

 Bruce Huckell (1982) and Ashley Smallwood’s (2006) experiments with thrusting 

spears and George Frison’s (1989) experiments in Africa with Clovis spears and 
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elephants all help to substantiate one of the conclusions in my own experiment; that 

Clovis points were used on thrusting spears and not part of an atlatl system to hunt 

mammoth. Their research has proven extremely useful in my own breakage experiment. 

 Thomas Jennings (2011), George Odell (2004) and William Andrefski (1998) 

clarified the types of breakage and the classification of breaks. Jennings uses a physics 

approach that helped me to understand what happens when stone impacts an object. Odell 

and Andrefski define the types of breakage seen on archaeological sites that are used in 

analysis. I used their models when analyzing my porcelain points.  

 David Hunzicker (2008) carried out an experiment with the goal of measuring 

Folsom point effectiveness and efficiency. While not a comparison with any other 

projectile point styles, this experiment parallels my own in the questions asked, the 

resulting data and the use of a crossbow as a control. Data produced from Hunzicker’s 

experiments are similar to my own research regarding breakage and rejuvenation and is 

used to bolster my own arguments on the same subjects. Hunzicker also used his 

projectile points multiple times to see how many cycles a point could last before it was 

discarded. This helped form my argument for Folsom curation and decreased 

maintenance.  

 Stan Ahler and Phil Geib’s (2000) article was used as a guide for the foreshafts used 

in my breakage experiment and to better understand the sequences in Folsom projectile 

point technology. Ahler and Geib’s research also gave me insights into Folsom hunting 

strategies and how technology affected hunting strategies.  They argue that Folsom 

technology was more easily curated through maintenance and is one of the arguments in 

my research.  
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 William Andrefski’s (2009) article “The analysis of Stone Tool Procurement, 

Production and Maintenance” was used in parallel with Ahler and Geib with production 

and maintenance as the main resources used for my own research. Andrefski’s (2005) 

book was used as a reference for breakage types as well as flake typology. George Frison 

and Bruce Bradley’s (1980) book on the Hanson site was used to illustrate Folsom tool 

technology and then apply it to my own research.  

 John Dockall’s (1997) research on wear traces and projectile point impacts served as 

an example of how I should develop the experimental plan and research protocols for my 

breakage experiment. Dockall’s research was also used in identifying and classifying the 

different types of impact damage. Thomas Jenning’s (2011) research on bending and 

radial fractures dovetailed with Dockall’s research, giving me a better understanding of 

the physics of breakage. Brian Kooyman (2000) was used in classifying stone tool 

material for its qualities of cryptocrystalline structure and breakage planes. I combined 

some of Kooyaman’s terms and material classification with Barbara Lueddtke’s (1992) 

geologic terms.  

 The following kill sites were chosen for their geographic placement on the landscape 

as well as their projectile point assemblages: Murray Springs, Jake Bluff, Domebo and 

the Cooper Site, Lindenmeier, Folsom and the Naco Site.  

Mammoth and Bison Ecology 

 Understanding mammoth and bison behavior is imperative to Clovis and Folsom 

hunting strategies. Mammoth ecology is based on what we know from the archaeological 

record and using modern elephants as an analogy. George Frison (1991) was chosen for 

his hunting perspectives and his research in Africa using Clovis spears to penetrate the 



19 

hides of elephants. Frison has a way of explaining his research in a plain and 

understandable style and he is from a ranching family from Wyoming and hunted and 

worked as guide all of his life. His research on mammoth kill sites combined with his 

research on modern elephants has been crucial in developing the questions in my thesis. 

His understanding of bison and bison behavior was also important in formulating 

hypothetical hunting strategies and how hunting strategies change with the types of prey 

hunted.    

 Gary Haynes’ (2001) research on modern elephants is crucial to understanding large 

mammal group dynamics and weaknesses, in terms of hunting strategies and in elephant 

physiology and behavior. Elephant behavior and ecology are used as an analogy for 

mammoth behavior.   

 Norman Owen-Smith (1988) understands the ecology of mega-herbivores and large 

mammal behavior and the needs for large animals being tethered to resources due to 

amounts of food and water needed to sustain them.   

 McDonald (1981) provides a comprehensive taxonomy of bison and how they 

adapted to changing environments and evolved in North America. Jack Brink (2009) is 

used as a reference for tooth eruption for aging bison and determining seasonality as well 

as for bison jump technology. His insights into Paleoindian hunting strategies include 

seasonal hunting of bison as well as modern bison ecology.  

 David Meltzer’s (2009) work will be used because of his knowledge of both 

mammoth and bison behavior and his ability to see things logically. His interpretations of 

Clovis and Folsom tool technology and Paleoindian subsistence has helped to develop the 

theoretical approaches applied to my research.  
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 Research on prey size influencing projectile point size by Buchanan et al. (2011) is 

used in this thesis as an opposing argument to my own questions and conclusions about 

the Clovis/Folsom transition. I also used their research combined with other research 

herein as a foundation on subsistence and hunting techniques.  

Theoretical Background 

When taking classes on theoretical approaches I chose behavioral ecology as an 

overarching framework to analyze Clovis and Folsom technologies. The following papers 

deal with the investment in time and tool technology. All the sources in this section have 

an overarching behavioral ecology approach but within that approach is the added thread 

of optimal tool theory.  Stephen Shennan (2002) described three styles of evolutionary 

ecology: evolutionary psychology, behavioral ecology and dual inheritance theory. He 

explains that humans adapt to different environments based on behavioral flexibilities. He 

used optimal foraging theory to predict what subsistence strategies produce the best cost-

benefit outcome (Shennan 2002:1). This applies to my research on Clovis and Folsom 

subsistence strategies and in particular how tools allow humans to adapt successfully to 

prey species in a changing environment. Shennan’s research will be used to illustrate that 

successful foraging or an optimal cost-benefit ratio can only be accomplished 

successfully with optimal tool technology.  Using a less than optimal tool produces less 

than advantageous results.  

  Bright et al. (2002) discuss what they call the Tech Investment Model (TIM).  Their 

argument was based on the inability of foraging models to include the effects of 

subsistence technology and on reduced handling time which determines how much time 

an individual should spend on a particular technology (Bright et al. 2002: 164). TIM also 
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includes the costs of technological innovation and its effects on foraging returns. Ugan et 

al. (2003) departed from the standard foraging model approach and used a new approach 

by treating investment in technology as a decision variable. I believe this type of 

approach is better suited to subsistence technology than foraging models. Lithic 

technological theory needs to have a separate, stand alone, theoretical model that can be 

applied and combined with other models when needed. Bettinger et al. (2006) disagreed 

with how Ugan et al. (2003) applied their model and their inclusion of conditions that 

favor the investment of time in technology but did not include the tradeoffs that occur. 

Specifically, the disagreement occurs where less costly technology is often replaced by 

costly technology. Bettinger et al. proposed a model based on separate cost-benefit 

curves, the development of point-estimate and curve-estimate versions of this model 

show how they could be applied to weapons systems in California (Bettinger et al. 2006: 

538). This model can also be applied to a broader context in other regions.   

 Bousman (1993) explores why hunter-gatherers develop and change their 

technological strategies. The goal was to better assess what we analyze and infer from 

prehistoric tool technology. He uses optimal foraging theory and suggests that cost-to-

benefit approaches can be used to research changes in technology. Bousman (1993:59) 

hoped lithic research could contribute to understanding how and why technology has 

benefited humans in the past. His two main models used in foraging theory explain the 

costs and benefits of the acquisition of resources. These two models are the prey and 

patch models, which consider hunting and gathering in different environments. Prey 

models use homogenous environments and patch models use spatially heterogeneous 

environments. Using these models I applied different hunting technology types to patch 
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and prey models to illustrate how certain hunting technologies are more flexible than 

others. Surovell’s (2009) book uses evolutionary ecology as a framework for explaining 

Folsom technology. I use many of his insights as a foundation for the Folsom section of 

my thesis.  
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METHODS AND THEORETICAL APPROACH  

Methods 

 This research investigates functional aspects of Clovis and Folsom projectile points. 

The method developed for this comparison employs ceramic material as a substitute for 

Clovis and Folsom tool stone. When substituted for tool stone experiments, porcelain can 

be tested with a much higher degree of consistency and comparability than naturally 

occurring and highly variable raw materials (Khreisheh et al. 2013: 37). A Dillon three 

ball press was used to compare the tensile strength of the porcelain used in the 

experiment with obsidian. The porcelain section measured 8mm in thickness and broke at 

172 lbs. The obsidian measured at 8mm tested broke at 152 lbs. Porcelain shows 

properties similar to traditional lithic material and porcelain can be more tightly 

controlled than natural stone (Khreisheh et al. 2013: 37). The ceramic material used for 

this experiment can be flaked using hardhammer, softhammer and pressure flaking. 

Using porcelain as a material increases controls over variables such as size, shape and 

consistency of material (Khreisheh et al. 2013: 37).  

 The design of the Folsom and Clovis weapons systems used in the simulation closely 

approximate hafting and dart design thought to be used by Clovis and Folsom hunters. 

Experimental conditions simulated the use of a dart and atlatl in a single hunting scenario 

event. The target was a set of bovine ribs pinned to a foam bow and arrow target 

backstop. Data for the design of the dart, foreshafts and hafting style were taken directly 

from Clovis and Folsom projectile points found in the archaeological record.  
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 Foreshafts were hafted up to the top of the flute or hafting element of each style 

point with Clovis fluting inserted into the haft at a mean of 30% of the total point length 

(Figure 1). The Folsom points were hafted to a mean of 76% of the total point length.  

 

Figure 1: Hafted Clovis and Folsom Points from the CFBE 

 

The haft style used for both Clovis and Folsom points was a single piece foreshaft 

(Figure 1). The single piece haft was chosen because it is bound once at the haft to reduce 

friction. Using a two-piece haft could have reduced penetration with two binding areas 

used in a split haft design and thereby inefficient and less functional. Producing a single 

piece haft could have been produced using different species of wood found anywhere on 

the Great Plains while a double piece or split haft could have been produced using a 
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straight grained species of tree that may or may not have been found in all areas of the 

Great Plains.  

The adhesive used was a mixture of pine pitch, rabbit scat and honey and artificial 

sinew was used to bind for each point to half inch oak foreshafts with a mean weight of 

30 grams. The hafting material and methods were used as controls against factors that 

could influence the experiment (Hunzicker 2008: 292). The binding was wrapped in a 

single layer with no overlap corresponding to edge grinding to reduce drag during 

penetration (Figure 2). Foreshafts were attached to a mainshaft made from a tamarisk 

branch weighing 219 grams. Artificial sinew was used to reinforce the socket so that the 

tapered foreshafts did not damage the mainshaft. The mainshaft was used for both the 

Clovis and Folsom foreshafts continuously for the entire experiment that consisted of 20 

separate shots.  

 

Figure 2: Example of Folsom point hafted using adhesive mastic 
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Each hafted point was shot into the target a single time replacing the ribs every five 

shots to ensure that each point had the same chance at striking a rib and that the 

possibility that no entry wounds were re-used. The ribs attached to the target were placed 

two meters from the tip of the projectile when loaded into the crossbow. The distance was 

chosen as a control for consistent speed and for accuracy. The crossbow was placed on a 

table pinned to the ground with tent stakes for stability, safety and consistent accuracy.  

A Barnett style 150 lb. compound bow with a draw of 12.5 inches was used to propel the 

265 gram mainshaft at 39.0 meters per second (87 miles per hour) at a distance of 2m. 

Weight, speed and distance were used as consistent speed, were used as controls in the 

experiment (Figures 3 and 4).   

 

Figure 3: Preliminary experimental set-up 
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Figure 4: Close-up of firing mechanism and mainshaft attached to crossbow bolt 

 

 Measurements of each point were taken to use as a baseline to use for comparison to 

measurements after the breakage experiment was carried out. Each point was weighed, 

measured for length, width, basal width, thickness and hafting element (Appendix B, 

Table 3 and 4).  

Experimental Controls: 

 porcelain- consistency in material and point morphology  

 mold and porcelain point production including kiln temperature  

 dart speed 

 distance 

 projectile point length, width, thickness and weight 

 hafting 
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 consistent use of one mainshaft through 20 shots 

 binding- type and process 

 bow target material (layered foam) for consistent penetration  

 Each point was analyzed for breakage and each type of break was recorded and 

categorized for statistical comparisons. The breakage categories are in order as follows:  

 impact fracture  

 step break  

 impact feather fracture 

 distal snap fracture 

 proximal snap fracture 

 ear damage 

 shearing 

 refurbishment 

 complete points 

 total breaks 

 penetration 

Each point could be easily assessed for damage due to the lighter color of the porcelain 

where the damage occurred (Khreisheh et al. 2013: 44). Clovis and Folsom breakage and 

penetration are used as indicators for fracture mechanics and functionality of each point 

type.   

 Each point’s base was weighed after the experiment and compared to its weight prior 

to use. Point bases are indicators for type and are what remained of the points tested. 

Comparing the mass lost by each point and each point type is used as an indicator for 
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functionality and curation rates. The minimum, maximum and mean of each point’s mass 

are variables are combined and used to measure functionality, curation, refurbishment, 

and the ability of each point to penetrate the target. 

  The hafting element of each point type are measured and compared to assess the 

ability of each point type withstand the energy of impact and penetration.  

Breakage Experiment Data Information 

 This experiment began with the production of casts that would produce copies of the 

original models. The casting material used for this experiment was common casting 

plaster found at any ceramic supply. The Clovis points that were cast from chert copies of 

the Domebo point from the Domebo Mammoth kill site in Oklahoma produced by Alan 

Denoyer. The Folsom points chosen were the Folsom Point from Blackwater Draw Lab 

#P-21 purchased from the Lithic Casting Lab and the Custer County Folsom point #P-2 

also purchased from the Lithic Casting Lab (Figure 5). A high fire clay was chosen 

because it produced a superior product that met all the requirements for the experiment. 

When fired at cone six the clay produced a porcelain product that could be flaked with a 

hard or soft hammer and could be pressure flaked. Slabs of clay were cut off the block of 

clay slightly longer and wider than the impression in the mold. Casting the points was a 

simple process of filling the mold with the block of clay then pressing the mold together. 

The mold was opened and the excess cut away and then process was repeated until there 

was no excess clay left to cut out.  

 The casts were left in the molds to dry for twenty-four hours. The molds themselves 

wick moisture out of the cast quickly. After twenty-four hours the point casts are 
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Figure 5: Denoyer copies of Domebo point and casts (top row). Folsom points from Lithics Casting Lab 

and casts (bottom row). Shrinkage between originals and casts is apparent at 11%. 

removed from the molds and left out to dry for six days turning them over on the third 

day. The next procedure was to clean off the edges of the points and any surface 

irregularities in the flake scars. Twenty casts were produced of each point with ten casts 

of each point chosen for the breakage experiment. Each of the twenty points intended to 

be used in the breakage experiment were pressure flaked to sharpen the blade edges 

(Figure 6).  All the points were secured in custom hafts by means of friction fitting, 

mastic and artificial sinew as binding in the tradition of Hunzicker (2008) and Keeley 

(1982).  
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 Prior to firing the hafted points into the target, the points were measured (Tables 4 

and 5, Appendices B). The Clovis points were fired into the target first. After each firing 

the broken pieces were gathered, labeled and put into a plastic bag with the foreshaft. 

During the analysis of projectile points any damage was recorded by measuring up from 

the base to the break.  

 

 

Figure 6: Folsom models with casts showing sharpening 

 

Theoretical Approach 

 In this thesis, evolutionary ecology will be the theoretical framework used to 

illustrate the functional progression from Clovis technology to Folsom technology.  

Behavioral ecology is a rigorous theoretical framework that is used to study the 

relationship of adaptive behavior in an environmental context (Surovell 2009:4). Humans 
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adapt to their environment by solving problems and overcoming obstacles using an 

innovative decision-making processes involving tool technology and transitions in 

technology. Behavioral ecology is a term synonymous with evolutionary ecology and 

considered by some to be a subset of evolutionary ecology (Surovell 2009:5). Although 

founded on evolutionary principles, evolutionary ecology is not used to examine 

evolutionary origins or measure gene frequencies (Bamforth 2002a:436). Behavioral 

ecology is used to study the decisions made by humans under a variety of conditions. A 

behavioral ecological approach has been successful in other studies (Surovell 2009, 

Bright et al. 2002, Bousman 2005, Shennan 2002, Ugan et al. 2002, Bettinger et al. 2005) 

and is used to study the functional differences between Folsom technology and Clovis 

technology. Behavioral ecology models illustrate how increased functionality increased 

choices made by hunter-gatherers on the Great Plains in reference to procurement 

strategies.   
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CLOVIS AND FOLSOM TOOL TECHNOLOGY 

  The term “Clovis” describes a culture that used a complex tool technology identified 

by lanceolate projectile points with a fluted base. The oldest Clovis assemblage dates ca. 

13,300 calendar years before present (calBP) and the youngest ca. 12,800 calBP (Waters 

and Stafford 2007, Sanchez et al. 2014). Geographically Clovis culture ranged over a 

large area from sub-glacial North America to South America and dates from the last days 

of the Ice Age (Fiedel 2005:97-102). Kelley and Todd (1988) Note the uniformity in the 

fluting of the Clovis point on a continental scale and suggest that this flute feature 

indicates a functional continuity among the makers of Clovis points. The sites include 

small short-term kill sites and sites with long occupations although long-term occupation 

sites are uncommon. The Clovis culture is thought to have been highly mobile and their 

toolkit is considered to be part of generalized hunter-gather system: suitable for many 

tasks but not built specifically for any one use (Meltzer 2009:244).  

 Lithic technologists determine the taxonomy of the final product beginning with a 

classification of biface technology into categories of simple bifaces and complex bifaces 

(Bradley et al. 2010: 62).  Tools that fall into the category of a simple biface are adzes 

and choppers—tools that could be produced without complex reduction sequences but 

had a specific morphology. Tools made with simple biface reduction are not diagnostic. 

Clovis bifaces were made through a series of complex reduction sequences (Bradley et al. 

2010: 62). Tools that fall under complex biface production are projectile points.  

 Clovis toolkits included large flake tools, large bifaces used to produce distinctive 

fluted projectile points, end and side scrapers for processing hides, knives and cutting 

tools, gravers or spurred flakes possibly for processing wood, and spokeshaves or 
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notched flakes used for working with wooden shafts. Artifacts that are rare due to 

preservation included bone for needles and wrenches, antlers as soft hammers and ivory 

tools used as foreshafts or longer projectile points. The Clovis toolkit was designed to be 

light for high mobility and was adaptable to any environment in North America. The 

material most used by Clovis people for the production of stone tools was high quality 

exotic chert, chalcedony, obsidian and high-quality quartzite. All of this material is very 

fine-grained with no cleavage planes or other natural fault lines making them easy to chip 

into the chosen form. These types of materials were sharp and kept an edge (Meltzer 

2009:247). Higher quality tool stone produces less breakage and requires less 

maintenance. When a point did need maintenance, it can be easily sharpened.  

Two primary Clovis technologies were bifacial and blade technology (Collins: 

1999). Bifacial flaking is a reduction process used to produce large flakes from cores and 

preforms to be used as knives, produce projectile points and in the production of larger 

tools like adzes. Biface cores were manufactured from large pieces of superior chert or 

chalecedony which occurred in thin quarry slabs or flat nodules (Boldurian and Cotter 

1999:29).  

 Material sourced by Clovis was mined from preferred exposed outcrops often 

bypassing other material that was more than adequate for their needs that was closer to 

known kill sites or occupation sites. For example, Clovis people had to pass by plentiful 

outcrops of Morrison quartzite to get to areas of Phosphoria jasper (Bradley et al. 2010: 

9). Another example is the North Dakota source of Knife River Flint, a high quality 

durable tool stone located in North Dakota but was not used by Clovis people. North 

Dakota had enough Clovis sites that it would be improbable for Clovis people to not have 
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known about the Knife River Flint source. The possibility that Clovis had a cultural 

aversion to specific exotic tool stone material is curious but this concept is something that 

cannot be quantified. 

 Bifacial technology was the Clovis reduction method used to produce primary tools 

from flake blanks. The term biface describes a tool produced from bifacial technology 

intended to be used as a tool for a specific purpose or as a multipurpose tool. Clovis 

bifacial technology produced cores for flake blanks, bifaces and Clovis points. Cores are 

not considered a biface but are part of the process in the production flake blanks for 

bifacial reduction. Bifaces include knives, adzes and projectile points. Unifacial flake 

blanks were produced from bifacial cores and used, as tools but are not included in the 

bifacial technology.   

 Clovis flaking methods and techniques have been inferred through the analysis of 

finished Clovis points and debitage found on sites and replication of projectile points.  

Clovis lithic technology entailed two separate core reduction strategies: one for the 

manufacture of specialized flakes or blades; the other for the manufacture of numerous 

thinning flakes along with large refined bifacial implements (Boldurian and Cotter 1999: 

28). Each type of reduction process is found throughout Clovis sites throughout North 

America.  

 Clovis bifacial core reduction is highly developed and was used to produce most of 

the tools found in Clovis assemblages. Bradley (1993) states that most Clovis tools are 

either bifaces or tools produced from flakes that resulted from biface manufacturing. The 

hallmarks of Clovis biface reduction are the overshot flake used in the biface thinning 

process and the removal of the channel flake from base of each side of the Clovis point. 
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Soft hammer percussion was used on the margins of bifacial cores. Evidence of hard 

hammer percussion flaking is indicated during non-marginal flake removal. This means 

that soft hammer percussion was used in the biface and preform stage of projectile point 

production. However, not all Clovis biface production was the same at every site. At the 

Gault site in Texas, hammerstones were used in the early through middle stages of biface 

reduction (Bradley 2010:64). This indicates that different manufacturing tools could be 

applied at different stages in Clovis biface production making biface production flexible 

depending on environment and material availability. Differences in tool production 

regionally was variable and fluid indicating Clovis technology uniquely adaptable to their 

environments. During the fluting stage both indirect and direct percussion can be used to 

produce the flute at the base of the Clovis point.  

 The shaping and thinning of the point was accomplished by removing flakes from 

the faces of the point with soft hammer percussion flaking and pressure flaking used 

during the process of cleaning up the margins. Bifaces are produced by proportional 

thinning or thickening depending on the preference of the flintknapper (Bradley 

2010:64).  Platform preparation was an integral part of the thinning process with the size 

and the type of platform determining the width and length of the flake. Material also 

played a part in determining what type of platform was needed to remove thinning flakes 

from a biface. Bradley (2010:65) states that Clovis biface thinning can be characterized 

as confident and assertive with a high degree of abandon. I agree with the confident and 

assertive percussion flaking but do not agree with the high degree of abandon. Clovis 

journeymen flintknappers knew the material they were working with and the direction 

they wanted each flake to go because each platform was intentionally produced and 
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allowing control over the thinning process. The successful Clovis point was produced by 

an economy of effort and a high degree of platform preparation (Bradley 2010:65). 

Platform production on the margins of the biface were carefully planned so that the 

reduction process was successful. 

 To build a platform, a series of small flakes are removed using a soft hammer and 

pressure flaking to push the margin to the side of the biface where the flake is to be 

removed. The platform is released by placing two overlapping flakes on either side of the 

platform. These overlapping flakes create a weak ridged area that determines the 

direction that the flake will take when removed. Grinding on the platform as well as the 

margin during this process reduces the chance of the intended removal of the flake 

finding an un-ground scar that could deflect the removal of the flake from its intended 

direction. Success in this process is assured by the individual platform production which 

creates control over the thinning process.  

 Overshot flaking or outre’ passe’ is a marker for Clovis technology. This type of 

flaking is an efficient controlled way of thinning a biface. It produces a fracture that 

travels across the face of the biface and removing a portion of the opposite edge (Bradley 

et al. 2010:68, Carlson et al. 2011:83). To be classified as an overshot flake it must 

include the margin from the opposite edge from where the flake was struck off. Clovis 

flintknappers controlled the overshot flake by modulating the force and the angle of the 

softhammer when striking the platform. This technique has distinct advantages over other 

methods of biface thinning (Bradley 2010:68). A by-product of overshot flaking is the 

production of thin sharp blades that can be used as tools. Overshot biface thinning is an 

efficient way to thin a biface by removing only three or four wide flakes instead of many 
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bifacial reduction flakes. Overshot flaking conserves the width of the biface allowing for 

the margin to be reduced using bifacial thinning flakes and sharpening flakes. The most 

common use of overshot flaking on a biface is the removal of square edges.  

 Bifacial thinning flakes are used to remove flakes on the margins and to produce 

wide flakes that are large, thin, curved, perpendicular to the margin and are parallel to 

each other in Clovis point manufacture (Carlson2011: 83). This type of flake exhibits 

small multifaceted platforms that terminate past the mid-line and the flakes are lipped. 

There is a sequence to the typical thinning flake platform preparation: projection, 

isolation, reduction, faceting, releasing, straightening and grinding (Bradley 2010:66). 

End thinning flakes and fluting flakes are removed from the point base parallel to the 

blades and are thought to thin the base of the blade to facilitate hafting.     

 During the final stage of the projectile point manufacturing sequence the morphology 

of the biface takes on a well-defined lanceolate form, edges are regularized and the base 

is fluted on both sides and ready for hafting (Carlson et al. 2011:95). Preform 

morphology predicts what the finished projectile point will look like and retains specific 

characteristics. They are bi-convex, margins are straighter than secondary bifaces and 

retain evidence of percussion and pressure flake detachments. The biface has the 

morphology of a projectile point but has not gone through its final stage of becoming a 

projectile point (Carlson et al. 2011:95). The final stage of creating a projectile point 

entails straightening the edges from the base to the tip, abrading or grinding the base and 

grinding the blade edges so the point could be hafted.  

 The goal of the Clovis projectile point manufacturing process was to use specific 

reduction sequences to produce bifaces using overshot flaking as the final stage of the 



39 

finished Clovis point. The advantage that Clovis hunters had over modern flintknappers 

is that Clovis hunters relied on their ability to produce points in an ongoing process as an 

adaptive hunting strategy.  Modern flintknappers don’t produce projectile points with 

survival in mind.  

 The Folsom period began shortly after 13,000 calBP and disappeared around 11,900 

calBP (Taylor et al. 1996; Holliday 2000; Collard et al.2010: Buchanan et al. 2011). 

Clovis dates overlap Folsom by approximately 200 years. The western-most Folsom 

boundary is in northeastern Arizona angling up to the Mogollon Rim and eastern 

boundary extending into Wisconsin (Surovell 2009: 24). The type Folsom bone bed was 

discovered in 1908 after a flood in Wild Horse Arroyo, New Mexico by a self-educated 

naturalist cowboy named George McJunkin (Meltzer 2009: 83). The site was excavated 

in 1926 by Harold Cook and Jesse Figgins, the Director of the Natural History Museum 

in Denver Colorado. In 1927 a Folsom point was found in situ between the ribs of an 

extinct bison (Bison antiquus). This discovery made the Folsom site the first site 

recognized in North America that proved that humans were on the continent at the end of 

the Pleistocene in association with extinct mega fauna. 

 At the end of the Pleistocene, there was a transition in technology used by big game 

hunters. The Clovis point, which is used as an indicator for big game hunters, transitioned 

into the smaller Folsom point. The removal of channel flakes on each side of the point 

makes the Folsom projectile point arguably the most recognizable projectile point in 

North American projectile point typology. The channel flakes are removed from almost 

the entire length both sides of the projectile point. The blades edges are parallel and can 

expand slightly from the concave base which is eared (Surovell 2009: 25). The blade 
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edges or margin are finely pressure flaked and ground for hafting. While these 

descriptions are “typical” of Folsom technology, it is diverse and included single fluting, 

no fluting and some pseudo-fluted points.   

 Paleoindian core technology has not been addressed on the same level that projectile 

point technology has been studied. The importance of cores is that once discarded like 

projectile points, they do not change over time and can be culturally distinctive. In 1980 

Bruce Bradley and George Frison (1980:18) analyzed the Hansen site Folsom assemblage 

and defined three primary core types: discoidal, bifacial thinning and opportunistic 

flaking (Surovell 2009:41). Discoidal cores are similar to Middle Paleolithic cores in that 

a dorsal convexity (Surovell 2009:41) is created for removing large flake blanks that 

could then be manufactured into projectile points and other tools. The most common core 

found in Folsom assemblages is the informal core used for opportunistic flake 

production. The Folsom tool kit is said to include bifacial cores, but large bifacial cores 

have only been found as surface finds and not in excavated contexts on Folsom sites. 

However the use of large bifaces for flake production can be argued for use by Folsom 

people during times of low material availability (Surovell 2009:42). What is clear from 

excavated sites is the use of four types of formal bifaces regularly recognized in Folsom 

assemblages; cores, projectile points and preforms and ultrathins (Surovell 2009:43). 

Folsom preforms and ultrathins are thought to be manufactured for long-time use as a 

method of curation for conserving material. Folsom subsistence was based on a bison 

economy and it is possible that ultrathins were used as specialized tools to cut bison meat 

into long strips (Jodry 1998, 1999) for jerky preparation. Ultrathins could also have been 
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produced to purposely break into multiple tools that could be used as knives and side-

scrapers. 

  Folsom people mined high quality tool stone to produce Folsom points which is 

similar to the material sourcing requirements used by Clovis. In the stages of biface 

production, Folsom technology somewhat parallels Clovis technology in that Folsom 

points are produced from flakes reduced from a core.  

 Projectile point production begins with a large flake blank removed from the core 

using hardhammer percussion or indirect percussion. The flake blank is then shaped 

using a soft hammer but without platform preparation (Nami 1999: 91). The preform is 

then shaped into a long oval biface roughly twice as long as it is wide (Judge 1970: 41) 

using a biconvex flaking sequence that followed an irregular pattern (Nami 1999: 91). 

Bifacial thinning is then employed using soft hammer percussion with isolated platforms 

on thinner bifaces. The biface is prepared by pressure flaking so that it has a lenticular 

symmetry for the successful removal of the first channel flake. Platform preparation on 

the distal end of the preform is as critical to the successful removal of the Folsom channel 

flake. The biface is then turned over and the platform is prepared to remove the second 

channel flake. Manufacturing failures are common during the removal of channel flakes. 

The second channel flake removed is often shorter and thinner that the first. The process 

of removing channel flakes is not yet well understood, but experiments with wood and 

hollow antler devices have produced consistent results using indirect percussion (Judge 

1970: 41). It has been hypothesized that a variation of techniques was used by Folsom in 

the removal of channel flakes. Channel flakes, when complete, like were similar to Clovis 

channel flakes but were longer and more controlled. Once the channel flakes were 
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removed, the edge margins were cleaned up and straightened by pressure flaking. The 

edges were then ground almost to the shoulder of the distal end of the point in preparation 

for hafting.  

Sites 

 These Clovis and Folsom sites that are used as examples in this thesis are important 

for the comparisons in projectile point breakage but are also important in inferring 

hunting strategies based on the type of weapon used. The importance of using the lithic 

collections found in the site reports and literature is that together they better define the 

breakage patterns on Clovis and Folsom kill sites.  The breakage patterns in the 

archaeological record are then used to compare to the breakage from the ceramic 

experiment. This comparison answers the question of whether Clovis used an atlatl or a 

thrusting spear in hunting strategies. Hunting strategies at Clovis kill sites are then 

interpreted using thrusting spears as the Clovis weapon of choice.  

 Another important reason that archaeological sites are used in this thesis is to better 

understand the transition in subsistence by Clovis to Folsom hunters. Evidence suggests 

that Clovis hunters exploited a wide variety of game including mammoth, mastodon, 

Gomphothere, bison and caribou (Grayson and Meltzer 2002; Waguespack and Surovell 

2003; Cannon and Meltzer 2004; Surovell and Waguespack 2009). The parallel between 

Clovis and Folsom tool transition and the shift in prey from megafauna hunting to a bison 

economy, takes place concurrently. Folsom hunters appear to have specialized in hunting 

bison (Amick 1994; MacDonald 1998).  Like climate change and extinctions, transitions 

in tool technology do not happen overnight and neither did the change in prey. Clovis 

overlaps Folsom by 200 years approximately ten Paleoindian generations. Once the tool 
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transition to Folsom technology took place it can be seen as an economic multiplier 

because the use of the atlatl combined with Folsom technology allowed for more flexible 

bison hunting strategies. This flexibility increased hunting efficiency allowing Folsom 

hunters to increase the amount of meat harvested. This in itself forces the question of 

whether the atlatl system (atlatl, mainshaft, foreshaft and hafting) was built around the 

Folsom point. The possibility exists that the atlatl was engineered around the Folsom 

point through functional innovations and the Folsom point was the final component to the 

system.   

 Murray Springs (Haynes and Huckell, 2007) was chosen for its mammoth and bison 

kill sites and its projectile point assemblage. How Huckell classified tool types and 

reduction sequences is also important because it shows that different lithic technologists 

explain technologies in different ways. 

The Domebo mammoth kill site in central Oklahoma (Leonhardy 1966) is a pivotal 

site in the argument of Clovis projectile point transition to Folsom because of its late date 

in the Clovis period and its projectile point assemblage. The Naco mammoth site (Haury 

1953) was the first site discovered in the Southwest with Clovis points found in 

association with mammoth. Naco is used to clarify the argument that thrusting spears 

were used in Clovis hunting strategies.  

The Jake Bluff site (Bement 2010) is the youngest Clovis site and postdates the 

Domebo site with an age range of 12,873 to 12,917 calBP that places Jake Bluff at the 

Clovis terminus (Bement 2010: 918). Jake Bluff is important to understanding the 

transition from Clovis to Folsom projectile point technology as well as hunting 

techniques.  
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The Cooper site (Bement 1999) in northwestern Oklahoma is a Folsom bison kill site that 

was included in this thesis because of its Folsom projectile point collection. There is 

continuity in hunting strategies between this site and the proximity to the Jake Bluff site. 

The Lindenmeier site is a Folsom bison kill site and camp site located in Colorado, 46 km 

north of Ft. Collins and 2.8 km from the Wyoming border (Wilmsen and Roberts1974: 

17). The site sits where three physiographic regions meet, the Rocky Mountain Front 

Range, the Colorado Piedmont and the High Plains. The Lindenmeier Folsom site 

(Wilmsen and Roberts 1978) in central Colorado was chosen as a source for this thesis 

because of the density of Folsom artifacts.  

Past Thrusting Experiments 

Bruce Huckell (1979) carried out a similar experiment with an elephant carcass at the 

Denver Zoo with a goal of researching thrusting spear functionality. Spear points were 

manufactured for thrusting spears during the Denver Elephant Project by Bruce Bradley 

and Bruce Huckell. Bradley used jasper, metamorphosed shale, basalt and chert from 

various sources. Huckell used Georgetown flint from Texas, and Spanish Diggings 

chalcedony from Wyoming. Bradley’s points were hafted to tool handles made of pine 

and Huckell hafted his points to prepared elm branches. The one mainshaft to be used 

was made from a seasoned lodge pole pine 2.5 m in length. Points were friction hafted 

using mastic and sinew.  

The results were that penetration was never more than 30cm. Penetration was 

generally stopped at one of two locations on the composite spear: the juncture of the 

foreshaft and mainspear and at the binding that held the point into the haft (Huckell 

1979:220). Four of the Clovis points were damaged with two types of breaks, distal snap 
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breaks and basal corner snap breaks (Huckell 1979:222). One point was damage by basal 

fractures as well as shear breaks on each blade. Five of the nine Clovis points used in 

Huckell’s Denver Elephant project were not damaged and were intact after multiple 

thrusts. Huckell (1979) points out in his conclusion that more research on thrusting spears 

needs to be carried out particularly on shorter spears and spears with no foreshafts. 

Experimental research on elephants was carried out in Africa in by George Frison 

(1986) using thrusting spears and darts that were thrown to simulate the use of an atlatl. 

There is a significant degree of similarity between extinct mammoth and African 

elephants, particularly in size, skeletal morphology and hide thickness (Frison 1989:766). 

Seven projectile points were used over two seasons. All of the foreshafts started out at 28 

cm to 30 cm (Frison 1989) in length but by the end of the research foreshafts were much 

shorter at 20-23 cm due to use and maintenance.  

A dart was thrown at an injured elephant that was standing at right angle to the 

trajectory of the dart. The animal was injured enough that the when the dart missed its 

target three times the animal had moved. On the fourth and final throw the dart penetrated 

the hide and ribs hitting lung that proved to be fatal. Frison did not record the depth of 

penetration or any damage to the point.  

Frison (1989) states that the length of the foreshaft in this dart experiment 

regulated the depth of penetration. If hide penetration was regulated by the length of the 

haft then the overall mass is directly related to speed and penetration. In the CFBE the 

mass of the dart was 240 grams compared with Frison’s darts that were 365, 358, 420 and 

950 grams. This would mean that the speed of the darts in Frison’s experiment were not 

consistent and penetration rates would also have been inconsistent. It is unclear from the 
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experiment which spear was used in the fatal throw, the length and width of the point, 

and the depth of penetration. Frison’s dart throwing experiment ended with this one 

success and is the only live elephant killed with a dart. The conclusion made by Frison 

was that a dart could have been used in the procurement of mega fauna. 

In the CFBE comparison speed was the same for every shot and the mainshaft 

weighed the same for both Clovis and Folsom points.  Using both speed and weight as 

controls allowed for consistent data. The foreshafts were the only thing that changed the 

weight of the spear in each shot and that weight amounts to only a few grams either way. 

In the CFBE the mainshaft juncture with the foreshaft could have attributed to the Clovis 

point’s lower penetration rates in conjunction with the high degree of breakage. With a 

mean penetration rate of 22.7cm the Clovis system penetrated to the mainshaft or 

foreshaft juncture. As the mainspear impacted the target the point began to break, 

slowing forward energy momentum of the mainshaft. Most of the breaks to the Clovis 

point during experiment were snap breaks which change the morphological advantages of 

a sharp Clovis to a broken blunt point.  

In Frison’s research, thrusting spears were successful in lethally penetrating 

elephant hide and ribs damaging the lungs and paunch of already dead elephants (Frison 

and Todd 1986). One projectile point was used seven times penetrating the ribcage into 

the lungs of a series of elephants five times with two thrusts into the unprotected paunch. 

The projectile point survived with only impact damage to the tip in form of a feather 

termination. The material for this point was Edwards Plateau chert. A dart point made 

from the same material was used to penetrate four animals with no damage. The 
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functionality (Frison and Todd 1986) of these points was not in doubt so they were 

removed from the experiment.  

A Clovis point made of metamorphosed oil shale impacted with bone and the 

point was damaged on the blade. The second thrust caused a distal snap break but the 

point was considered repairable. The foreshaft of two others snapped and were no longer 

functional but the points survived intact. A projectile point made of Madison Formation 

chert was used and rejuvenated twice due to internal flaws in the stone. The seventh point 

was made of Phosphoria Formation chert and impacted on the flat side of a rib destroying 

both point and the foreshaft. The eighth point used was made from quartzite and broke 

because the hide bunched up and the point would not penetrate. Once the hide is 

penetrated past its binding to the foreshaft further penetration is easy and limited only by 

the distal end of the mainshaft (Frison and Todd 1986). Penetration was determined by 

the length of the foreshaft at the juncture of the mainshaft (Frison and Todd 1986). 

Frison’s (1986) experiments indicate that the thrusting spear was far more effective in 

penetration than the dart and was functionally a better choice.  

Could Clovis hunters have used a thrusting spear in mammoth hunting strategies? In 

general, the assumption by archaeologists is that Clovis would not have hunted animals 

as large as a mammoth with a thrusting spear. This assumption is based on a modern 

human’s idea of safety and risk. Clovis hunters had a deep understanding of mammoth 

behavior and ecology as evidenced by 14 mammoth kill sites. Hunters in general exploit 

animal behavior under stress and Clovis hunters likely would have been no different.  

Mammoth were large and their size could have been used against them in the form of 

traps and also in the form of physical limitations. Christopher Ellis found that among the 
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majority of spear-using hunter-gatherers, their weapons were more often used as javelins 

and not thrusting spears (Meltzer 2009).  

At the Naco Mammoth site in the San Pedro Valley in Southeastern Arizona (Haury 

1953) there were eight Clovis points found within the bones of a mammoth. Only one 

point exhibited a basal break. Four points have slight impact damage and all five 

damaged points could have been refurbished in the haft (Huckell 1980:222). Very little 

breakage with only slight refurbishment in the Naco collection illustrates the possibility 

that strategies for megafauna was built around the use of a thrusting spear. The Lehner 

site produced 13 Clovis points with minimal damage. The Clovis points at the Murray 

Springs Clovis site were extensively damaged (Haynes and Huckell 2007). 

More recent research on thrusting spears was carried out by Ashley Smallwood 

(2006) in her thesis, Use-wear Analysis of the Clovis Biface Collection from the Gault 

site in Central Texas. Horses donated for research purposes were used in her research 

(Smallwood 2006:34). To test projectile points for use-wear, thrusting spears were used 

on a carcass of a horse. While the data on use-wear analysis proves useful, the breakage 

and curation rate of Clovis points produced in the experiment were very similar to the 

research performed by Frison and Huckell. 

The first point BUR21was used to thrust into the ribs of the horse penetrating 28.2 

cm. The point was not damaged on impact and was used again. The second impact test 

using this point was a direct hit on the seventh rib causing the foreshaft to snap at the 

juncture of the mainshaft and foreshaft.  The penetration was 8cm and shattered the bone 

rendering the point too damaged for further use (Smallwood 2006:36).  
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In Smallwood’s (2006) research, the second point, BUR18, was damaged from an 

impact with BUR 21 that could not be removed. The point only lost 5mm of the tip and 

was used again. In the second thrust using BUR18 it penetrated 28 cm. Further 

penetration was stopped by the foreshaft getting wedged in the ribs. BUR18 was not 

damaged and was used in the next impact experiment. In its third use BUR18 penetrated 

18.5cm into the left latissimus dorsi muscle and remained undamaged. Point BUR17 

penetrated into the right lung but did not penetrate past the junction of the mainshaft. The 

point did not impact bone and was not damaged. In its second thrust BUR17 penetrated 

18cm but further penetration was impeded by the juncture of the mainshaft. BUR17 was 

not damaged and was used again. The third thrust failed to penetrate and bounced off and 

impacted with the ground. The point was damaged in the form of a shear break that 

removed the tip. The point was then used again without refurbishment penetrating 17.7 

cm rendering the point unserviceable. Point BUR20 was thrust directly into the hide 

behind the right shoulder. The point penetrated 18cm to the mainshaft juncture with the 

foreshaft (Smallwood 2006:53). Point BUR20 was not damaged and was used again. The 

second thrust penetrated 19cm and the point was undamaged. The third thrust BUR20 

impacted with the anterior portion of the ribcage causing the foreshaft to break in the 

mainshaft failing to penetrate and rendered unserviceable.  
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    ANALYSIS 

 Once the experiment was complete, the analysis of each projectile point began. The 

bags that contained each point and foreshaft were analyzed individually, bases were 

weighed and the points were refit. Some points could not be refit due to the amount of 

damage and because fragments could not be located. The results from the analysis are in 

Table 1 and the Appendices. The columns that stand out the most are the rates of 

breakage proximal, medial, distal snap breaks and penetration (Table 1). Distal impact 

fractures, step fractures and feather fractures in the first two columns show little 

difference between the two point types. No impact damage indicates that equal force was 

applied to the distal end of the points. Points with distal impact fractures struck bone and 

as well as points with shear breaks (see Shear Breaks Table 1).  

 The difference in the distal breaks of the two points is that two of five Folsom distal 

breaks are on points (F2, F4, and F6) that can be refurbished. Clovis distal breaks are all 

on points that are too damaged to refurbish.  This illustrates that the force applied to the 

distal end of each type of point is absorbed differently.   

 Clovis proximal breaks are at 40% and Folsom proximal breaks at 20%. Medial snap 

breaks are 50% for Clovis and 20% for Folsom. Clovis proximal and distal breaks 

occurred on points DD1, DD2, DD4, and DD5 causing enough damage that the points 

could not be refurbished. The breaks sustained were in areas of the point that made 

refurbishment impossible. The criteria for refurbishment in this experiment was that 

50% of the point had to be intact from the base up or from the distal end down.  

 Ear damage on Folsom is high with a total of nine breaks on seven points (Table 1 

below). This is to be expected, as the ears are the weakest part of the Folsom point and  
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Table 1: Point Analysis and Penetration 

 Imp. 

Frac. 

Dist. 

Snap 

Prox. 

Snap 

Med.

Snap 

Ear 

Damage 

Shear 

Break 

Refurbishable Complete Tot.Br

eaks 

Pen 

DD1  1 1 1   0 0 3 28 

DD2  1  1   0 0 2 24 

DD3       1 1 0 27 

DD4 1  1 1   0 0 2 18 

DD5 1  1    0 0 3 22 

DD6  1    2 0 0 3 22 

DD7   1   1 0 0 2 24 

DD8 1   1   1 0 2 20 

DD9 1      1  2 21 

DD10 1 1  1   0 0 3 21 

         Ave 22.7 

F1       0 1 0 32 

F2 1 1   1  1  2 31 

F3       0 1 0 33 

F4 1 1   1  1  3 28 

F5  1 1 1 1  0 0 2 27 

F6  1     1  1 31 

F7     1   1 0 33 

F8     1  0 1 0 34 

F9   1  2 2 1  4 28 

F10 1 1  1 2 1 0  5 27 

         Ave 30.4 

 

this type of break is consistent with the archaeological record. Ear breaks may indicate 

that on impact the base of Folsom points were forced deeper into foreshafts that were too 

wide, snapping the ears. Damage to the ears does not preclude these points from 

refurbishment. Ear damage can be found in Folsom collections from Lindenmeier 

(Wilmsen and Roberts 1974, 1978), Folsom (Meltzer 2010), and Cooper (Bement 1999) 

as well as Blackwater Draw (Bouldurian and Cotter 1999) and many others. 

 Shear breaks are equal with three breaks per point type. Point DD6 (Table 1) had one 

break on each blade originating from a distal snap break. DD7 (Table 1) had a single 

shear break. What this type of break indicates is that points hit bone perpendicular to a 

harder section of a rib removing by shearing or partially shearing one or both edges.  
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Impact with the rib caused the force to travel through the point longitudinally.  Shear 

breaks can be found in Folsom collections from Lindenmeier (Wilmsen 1974, Wilmsen 

and Roberts 1978, Blackwater Draw (Boldurian and Cotter 1999), and Folsom (Meltzer 

2009). 

 Complete points and points that can be refurbished are a measurement of strength 

and functionality between the Clovis and Folsom projectile points in this experiment. 

Two of the Clovis points could be refurbished with a third that was complete for a total of 

30%. The complete Clovis point was unusual in that it impacted the thickest portion of 

one of the ribs and bounced back with no structural damage to the point. Four Folsom 

points could be refurbished and four were complete for a total of 80% re-useable points. 

This section of the analysis is proof that for this experiment, these percentages indicate 

that Folsom points were fundamentally stronger in functionality than Clovis points. 

 Penetration was significantly different with the Clovis mean value at 22.7cm and the 

Folsom mean value at 30.4 cm. It is proposed here that the lesser penetration by Clovis is 

caused by two factors: one, that 90% of Clovis points tested broke on impact causing a 

loss of energy and forward momentum, and two, that the hafted portion of the Clovis 

points is a mean value of 30%, leaving more than 70% of the point exposed to impact 

caused by speed and kinetic energy. The breakage from impact damage caused snap 

breaks in the Clovis darts that blunted the points reducing penetration energy and slowing 

the dart. 

  Folsom points produced a penetration mean value of 30.4 cm, an increase of 7.7 cm 

more penetration than Clovis point mean. The determining factors that increase Folsom 

penetration are that the forces of kinetic energy are absorbed by the combination of the 
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Folsom haft and the Folsom point together. The hafting of the Folsom points for this 

experiment cover most of the channel on each side of the point leaving only the point and 

the edges exposed. The portion of the point that is hafted is referred to the mean hafting 

percentage in the Folsom Table 3 is 76%. Because the Folsom point is integrated into the 

haft deeper that the Clovis haft, the forces of kinetic energy are evenly dispersed over a 

larger area of the haft and the point.  

Another advantage to the Folsom point is its cross-section morphology allowing the 

Folsom point to glance off bone and continue on its penetration path without losing 

energy. The Folsom point when hafted has four tapered sides (Figure 7); the projectile 

point faces are tapered at the distal end of the haft and the blade edges are tapered by the 

morphology of the point. Clovis points are tapered on the edges only and the haft offers 

little or no protection. The possibility that the Clovis haft reduces penetration energy 

must also be considered. This is an example of unexpected data that can be gleaned using 

experimental archaeology. This in itself would increase the Folsom subsistence success 

rates because it allows an increase in penetration rates that are key to hitting the prey’s 

vital organs.  

 

 

 

 

 

 

Figure 7: Folsom point energy absorption 
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 Compared to the types of breakage found on kill sites, the Folsom point breakage 

experiment shows that the types of breakage is the same. The breakage counts on sites is 

variable depending on the number of animals killed and the amount of points picked up 

by avocational archaeologists.  

 At Murray Springs (Haynes and Huckell, 2009) three Clovis points were found in 

Area 3: one complete and two distal fragments. There are six projectile points from Area 

4: two complete points; four points that could have been refurbished; and one point 

damaged beyond repair. In Area 5 there were two Clovis bases found. Murray Springs is 

also one of two Clovis bison kill sites and indicates a transition in prey and as well as 

hunting techniques. The distal snap breaks and the basal breaks are the same type of 

breaks found in the Clovis section of Table 1: distal snap breaks DD1, DD2, DD6, DD10, 

basal snap breaks DD1, DD4, DD5, and DD7. Impact damage at Murray Springs matches 

DD1, DD5, DD8, DD9 and DD10. 

Table 2: Clovis and Folsom Breakage by Site 

 Complete Damaged Refurbishable 

Folsom 3 19 9 

    

Cooper     

Upper 5 8 0 

Middle kill 5 3 2 

Lower kill 2 5 0 

    

Lindenmeier    

Kill /camp 59 184 Indeterminate 
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Murray Springs    

Area 3  1 2  0 

Area 4 2 4 4 

Area 5 0 2 0 

    

Jake Bluff 2 2 2 

    

Naco 8 4 4 

    

Domebo 1 3 2 

           

 The Clovis material found at Jake Bluff (Bement 2010) consists of four Clovis points 

and one Clovis drill. Of the four Clovis points found at Jake Bluff, two were complete 

and two had minor impact damage. The same type of breakage could found DD1, DD5, 

DD8, DD9 and DD10 in Table 1. 

 There were four Clovis artifact found at the Domebo site. Three complete points; one 

with impact damage and a damaged ear, one with impact damage and the final point with 

a distal snap break and a basal snap break. One of the complete Clovis points discovered 

at the Domebo site is a smaller, more elegant point very similar to a smaller Clovis point 

at the Jake Bluff bison kill site. These smaller Clovis points provide possible evidence of 

a reduction in point size that are the first signs of transition to a Folsom point. There is a 

possibility that the smaller Clovis points found at Domebo and Jake Bluff as well as the 

diminutive quartz crystal points at Lehner and are purposely made to be hafted to a 

throwing spear. The use of smaller points on a throwing spear would increase penetration 

over the larger Clovis points used on thrusting spears. The impact damage from the 
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Domebo site matches the experimental points, DD1, DD5, DD8, DD9, and DD10 in 

Table 1. 

 At Naco, Clovis eight projectile points are extraordinary in that they were found 

within the carcass of the mammoth and the damage to the points was minimal. Four of 

the points had minor impact damage and one point had a broken ear. Damage from the 

Naco site matches DD1, DD5, DD8, DD and DD10 in Table 1. 

 At the Cooper site there are thirteen projectile points and fragments found in the 

Upper Kill: five complete points and eight fragmented points (Bement 1999: 75). Three 

distal snap breaks of the Upper kill match F2, F4, F5, F6 and F10 in Table 1. Distal 

impact matches F2, F4, and F10 in Table 1. The two medial snap breaks in the Upper kill 

match F5 and F10 in Table 1. Proximal snap breaks in the Upper kill match F5 and F10 

in Table 1.   

 The Middle kill yielded six complete points and one proximal snap break and one 

medial break (Bement 1999: 97).  The one distal snap break in the Middle kill matches 

the distal breaks in F5, and F10 in Table 1. The one proximal snap break in the Middle 

kill match F5 and F9 in Table 1.  

 The Lower kill yielded two complete points and 5 projectile point fragments 

(Bement 1999:115). The three Lower kill distal snap breaks matches F2, F4, F5, F6 and 

F10 in Table 1. The one medial snap break in the Lower kill matches F5 and F10 in Table 

1. The two Lower kill proximal snap breaks match F5 and F9 in Table 1.  Ear damage 

from the Middle and Lower kill match F2, F4, F5, F7 and F8 in Table 1. 

 Twenty-eight Folsom points were found at the Folsom Type site Meltzer (2006) site 

in northeastern New Mexico. Only 21 of those Folsom points are available for analysis. 
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The breakage at this site is described in detail in drawings that are used to illustrate the 

types of breakage inherent in Folsom points. There are three complete Folsom points and 

15 points with various types of damage (Meltzer 1999: 261-265). Six of the Folsom site 

points could have possibly been refurbished if there had been a need. The seven distal 

snap breaks at the Folsom site match F2, F4, F5, F6 and F10 in Table 1. The three medial 

breaks at the Folsom site match F5 and F10. The proximal breaks at the Folsom site 

match F5 and F10. The three points from the Folsom site match the impact damage in F2, 

F4 and F10 in Table 1. Ear damage from points at the Folsom site match F2, F4, F5, F7 

and F8 in Table 1. 

 The Lindenmeier site (Wilmsen 1974, Wilmsen and Roberts 1978) is a Folsom bison 

kill site and camp site and was chosen for the density of Folsom artifacts: 645 projectile 

point specimens (Wilmsen and Roberts 1978:102) 59 complete points, eight points from 

the bison pit and 184 projectile point fragments the rest were preforms and un-fluted 

points.  

 Other sites will be referred to when appropriate but the sites mentioned above are the 

sites that will be used in the thesis arguments. Based on the data from the sites above 

along with the combination of the Clovis and Folsom breakage experiment, I will attempt 

to answer the questions of functionality, projectile point transition and weapons used in 

subsistence procurement.  

Which point was more functional? 

 Technical functionality is judged using penetration, refurbishment, and curation rate. 

Using these criteria Folsom technology out-performs Clovis technology in all areas of 

functionality—penetration, refurbishment and curation. The Clovis mean penetration is 
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22.7 cm, which is 9 cm less than the Folsom mean penetration at 31cm. The 

refurbishment rate for Folsom of 40% and combined with 40% complete projectile point 

survival rate is a total of 80% curation rate returned back into the system. Clovis 

refurbishment rate is of 20% with one point surviving for a combined return rate curation 

back into the system of 30%. The Folsom point is superior in functionality and strength 

and overall efficiency.  Roy Coffin (1937), an excavator at the Lindenmeier site, offered 

a general comment that the fluted Folsom offered “more efficient mounting” or hafting 

than otherwise possible.  

How does time spent producing the functional projectile point increase the efficiency of 

subsistence strategies?  

 The Folsom point was the more functional point. The increase in functionality of the 

Folsom system would not only increase subsistence efficiency but allow Folsom hunters 

time for other pursuits. Spending time producing a functional tool that needed less 

maintenance after use was a successful form of risk management. Folsom hunters 

benefitted with a more functional projectile point that was built into a system and 

integrated into a complete improved engineered system than the Clovis system. This 

Folsom system was engineered through innovations around the Folsom point leading to 

successful hunting strategies. Folsom technology was expensive to produce but the 

reduced maintenance and refurbishment was the pay-off in time. More expensive 

subsistence technology marks an improvement in food procurement equating to better 

tools and making the process more efficient (Bird and O’Connell 2006:153).  More bison 

killed would mean an increase in meat to Folsom groups.  Bison MNI at Jake Bluff at 22 

and 11 animals at Murray Springs are official counts and provide a minimal number of 
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total number of bison killed on Clovis sites when compared to MNI from Folsom kills in 

(Table 3). Bison MNI was high on Folsom sites found in the Southern Plains (Table 3 

below). The Folsom sites below are examples of bison kill sites and campsites with bison 

MNI on each site.  

 

Table 3: Folsom Sites Minimum Number of Individuals 

 

Site Name  Site Type MNI 

Cooper: Upper Kill Kill  29 

Cooper: Middle Kill Kill 29 

Cooper: Lower Kill Kill  20 

Waugh  Kill/Camp 6 

Lipscomb Kill 56 

Folsom Kill 28 

Stewart’s Cattle 

Guard 

Kill >8 

Lindenmeier Camp/Kill 13 

Blackwater Draw 3 kills 2-5 

Bonfire Shelter  3+ Kills 120 

Lubbock Lake Kill/Camp 3 
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Lake Theo Kill/Camp 12 

Source: The Cooper Site, Leland Bement (1999) 

Which point was curated at a higher rate? 

Curation rates were something that was of great concern to hunter-gatherer groups. 

Most Clovis kill site assemblage has points that have been refurbished. The decision to 

refurbish or discard a broken point was driven by how far away the last material source 

was and how close were hunters to the next source. In a curated assemblage quarry sites 

are most likely embedded into hunting forays and seasonal rounds (Bement 1999:150-

151). This cycle is based on mobility, seasonality and subsistence. Clovis and Folsom 

toolkits were in a constant state of maintenance and continually upgraded tool stone 

material as material became available. Logistically refitting had to have been planned to 

coincide with future events to ensure group survival. Based on the breakage experiment 

the rate of survival for Clovis points is not high when used in an atlatl system.  

The haft of the Clovis point exposes the up to 70% of the point to breakage. Folsom 

points are hafted against damage with up to 80% of the point covered by the haft. The 

combined Folsom survival rate from the Clovis Folsom Breakage Experiment (CFBE) is 

80%. This increases projectile point survival reduces the need for new points to be 

produced and the ability to refurbish points damaged when used. Folsom hunters 

increased their curation rate by using a system that reduced maintenance. Time was spent 

on the production of the Folsom point and its integration into the haft and dart. Spending 

the time on the front end of the process allowed Folsom hunters to walk away from a kill 

site with more intact and refurbishable points than Clovis. Folsom points were curated at 

a much higher rate than Clovis points.  
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Another advantage that would increase Folsom curation rates are hidden breaks not 

evident to the user the point being covered by the haft and the binding. In the CFBE the 

Folsom point F2 (Table 1) was originally designated as a complete point until it was 

removed from the binding. Although not quantifiable in the archaeological record this is 

an important point that only relates to Folsom breaks that occur below the hafting 

element. This increases curation and use-life of a Folsom point and is only made possible 

by the haft and point design. The hidden fracture does not apply to the Clovis system 

because the Clovis point is unprotected by its haft. 

Can use-breakage determine which hunting weapons system was used: atlatl or thrusting 

spear? 

The amount of breakage and types of breakage on the Clovis points used in the CFBE 

may indicate that Clovis did not use an atlatl to hunt megafauna. Breakage to Clovis 

points in the archaeological record is indicative of damage caused by low velocity. 

Damage on Folsom points in the experiment indicate high velocity breaks. Folsom 

breakage is comparable to types of breakage on sites such as Lindenmeier, Folsom, 

Lipscomb and many more. Clovis breakage from the CFBE is extreme when compared to 

what we see in the archaeological record. The breaks in the CFBE occur in the 

archaeological record but do not appear to occur in the same frequency. Distal and medial 

snap breaks occur at Domebo and at Jake Bluff (Bement 2010:928). Basal snap breaks in 

the CFBE are common and Clovis breakage is increased to a high degree. Data produced 

by the experiment implies that Clovis did not use an atlatl for mammoth procurement due 

to the high degree of breakage in the CFBE.  
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In separate thrusting spear experiments carried out by Bruce Huckell (1982), George 

Frison (1986) and Ashley Smallwood (2006) there was Clovis breakage was consistently 

minimal.  The results of these experiments are consistent with the lack of breakage on 

Clovis sites like Naco, Lehner, Domebo, Jake Bluff, Colby and others. It is possible that 

the Clovis point is part of a larger generalized system designed to maximize subsistence 

potential. The Clovis system possibly needed the flexibility of both a throwing spear and 

a thrusting spear depending on the type of prey encountered. However using a larger 

Clovis point on a throwing spear would have limited penetration due to the width of the 

typical Clovis point.  

The reality of the Clovis point is that it could easily been used in a generalized 

foraging system where Clovis opportunistically hunted what they came across and did not 

specialize in any prey specifically. This opportunistic hunting strategy can be seen in the 

wide variety of game that Clovis hunters exploited, including mammoth, Gomphothere, 

mastodon, bison, caribou and horse (Grayson and Meltzer 2002; Waguespack and 

Surovell 2003; Cannon and Meltzer 2004; Surovell and Waguespack 2009). The wide 

variety of game hunted by Clovis and the evidence that Clovis possibly used thrusting 

spear would suggest that Clovis was not only an opportunist but was not involved with 

the Martins overkill theory.   

The transition in technological continuity is clear with Clovis technology transitioning 

to Folsom technology through system innovations. The innovations that took place to 

increase weapon strength and functionality are the reasons the transition took place. The 

Folsom system allowed Folsom hunters an increased technological flexibility when 
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hunting and produced substantially more meat per hunter in less time than Clovis 

technology.    
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DISCUSSION AND CONCLUSIONS 

When Clovis and Folsom points are compared, Clovis points are longer, thicker and 

generally more robust than Folsom projectile points. Folsom points are generally smaller 

with some that could be called delicate. When just analyzing the unhafted projectile 

points by themselves, the projectile point that is more robust and would seem more 

maintainable is the Clovis point. Analyzing the two technologies as complete systems 

inclusive of the binding, foreshaft, mainshaft, and atlatl is essential to understanding 

transitions in functionality and tool transition. Haynes (1964) and Hemmings (1970) 

suggest that the transition from Clovis to Folsom points coincided with the shift from 

hunting mammoth to hunting bison. There is not one simple answer to the question why 

the transition took place. Archaeologists often try to explain transitions and other cultural 

change with one answer when in reality any transition or major cultural shifts are usually 

caused by multiple variables occurring simultaneously. The most obvious known 

variables are the extinction of the megafauna, a variety of complex environmental 

changes including the onset of the Younger Dryas 11,000-10,000 14 C years BP (Holliday 

and Meltzer, 2010) and the competitive release of bison aided by an increase in C4 

grasses. All of these environmental variables either occurred at the same time or 

overlapped to the extent that Paleoindians had to adapt to a changing environment. 

Extinctions were not abrupt and neither were environmental changes: both processes 

occurred at roughly the same time followed by the increase in bison populations 

occurring as the C3 grasses decreased and C4 grasses increased. Technological changes 

and innovations by Folsom hunters appear to have been a direct or indirect consequence 



65 

of environmental change. These innovations are what we describe as the Folsom tool 

system. 

The differences and similarities between Clovis and Folsom technologies begins 

with how they were manufactured. When comparing Clovis and Folsom production 

sequences there is technological continuity in both point types with the biface reduction 

and removal of channel flakes. Similarities in production sequences between the two 

technologies provide an understanding of how these transitions occurred. Clovis points 

are manufactured from prepared bifaces (Collins 1999, Bradley et al. 2010) while Folsom 

bifaces are manufactured using flake technology. The significance is that Folsom flake 

technology circumvents the step to produce a biface needed to produce a Clovis point. 

 As a core is reduced points can be produced directly from smaller flake blanks and 

do not require thinning (Huckell and Kilby 2002:24). This change in method reduces 

production time and increases technological mobility. This means that more Folsom 

bifaces could be produced and carried away from source areas into camps and occupation 

sites where points could be finished. Soft hammer percussion is used in the production of 

both point types with little pressure flaking to Clovis points while fine pressure flaking is 

one of the hallmarks of Folsom point manufacture.  

Clovis points are fluted from one quarter to one third of the point while Folsom 

points are typically fluted the full length of the point. This allows the Folsom point to be 

inserted deeper into the haft, making the point harder to break and increasing tool 

sustainability and curation. For Clovis and by extension other fluted forms, one apparent 

purpose for fluting is a thinner haft/point arrangement that penetrated deeper into the 

target than an un-fluted haft/point arrangement (Ahler and Geib 1999: 802). The tradeoff 
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in the shorter haft section of the Clovis foreshaft is the increased exposure to breakage 

and reduced curation and tool system sustainability 

The organization of technical strategies is directly related to tool technology design, 

functionality, efficiency and maintenance. These four factors are essential to hunter-

gatherers efficiently overcoming environmental challenges. Improvements in technology 

through innovation are a response to the environment typical of a need to increase 

subsistence to a sustainable level. Over time changes in technology are normal in any 

human invented system. The transition from Clovis to Folsom technology was about 

increasing the efficiency and functionality of an already available system. As a hallmark 

of technological advance, it is often said that more expensive subsistence technology 

marks an improvement in food procurement: better tools make the process more efficient 

(Bird and O’Connell 2006:153). Increasing the success of subsistence strategies by 

transitioning to a more efficient tool system increased Folsom’s ability to survive, 

reproduce and overcome environmental challenges. 

Efficient technologies decrease the cost of raw material acquisition (Bousman 1993). 

Folsom is an example of a technology that decreased the cost of raw material by 

increasing tool sustainability and decreasing maintenance. Frison and Bradley (1982) call 

attention to the wastefulness of the fluting process, the unconvincing evidence of 

functional superiority in the fluted point, and the co-occurrences of fluted and unfluted 

points. The CFBE indicates exactly the opposite: the Folsom system is functionally 

superior when compared to Clovis and that the production of Folsom points was not 

costly when understanding the entire process. When looking at producing a single point 

or a hundred points the Folsom reduction process seems wasteful. However once the 
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point becomes part of the haft and mainshaft system that increases the ability for Folsom 

hunters to walk away from a kill site with more complete points and more refurbishable 

points than Clovis.  

The Clovis Folsom Breakage Experiment (CFBE) indicates that Folsom spent more 

time producing the haft section of the foreshaft to protect the Folsom point. The rate of 

return for this expenditure of energy is less time producing new projectile points and the 

ability to refurbish points that may have been slightly damaged. Haft production takes 

more time than point production and even using modern tools it is tedious and labor-

intensive (Hunzicker 2008:294). Folsom hunters frontloaded the production process by 

spending more time in the beginning of production, manufacturing foreshafts with deeper 

hafts to protect the Folsom point from breakage. This allowed Folsom hunters to reduce 

the number of projectile points that had to be produced during maintenance instead 

spending a reduced amount of time refurbishing hafts and projectile points.  

Folsom people were concerned with loss of the depletion of raw material when 

operating at a distance from sources (Ahler and Geib 2000: 810). Refurbishment is well 

illustrated by the Cooper site points with many points refurbished multiple times. 

Therefore it is logical that conservation of stone was a central issue in the design of the 

Folsom point. The thin Folsom point is subject to fracture but as seen in the CFBE the 

fluting design features combined with the haft allowed a high degree of fracture 

management (Ahler and Geib 2000: 810). The benefit of this type of strategy is that 

combining this risk management concept with the increase in functionality and 

performance, Folsom hunters reduced material risk by optimizing production time. 

 Folsom points from kill sites that were refurbished may not be re-hafted in the way 
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we think. During this process it has always been thought that the haft was reduced to 

accept the smaller refurbished point. However it would have been easier and faster when 

refurbishing the point to remove the broken base or point tip to refurbish it and place a 

wooden spacer under the shorter refurbished point as a shim to take up the space under 

the now smaller point. This refurbishment technique would have preserved the haft and 

still produce a functional dart. It would have been faster and easier than reducing the haft 

to fit a smaller refurbished point. This would also be a way to curate and reuse foreshafts 

when points were damaged beyond repair during their use cycle. The possibility that 

shorter refurbished Folsom points were re-hafted in their original haft could possibly be 

confirmed or not by examining smaller refurbished points for hafting wear and micro-

flake damage to the point bases.  

Standardization of Folsom points and hafting sections of foreshafts within a group 

system would be an argument to make as well. Judge (1973) presented data indicating 

that width dimensions in the haft portions of Folsom points from the Rio Grande Valley 

in New Mexico are highly invariant, clustering tightly around the sample mean. From 

this, Judge infers that the Folsom point was built to conform to a specialized haft and that 

multiple points were designed to fit interchangeably within a single socketed foreshaft 

(Ahler and Geib 1999: 802; Judge 1973: 164, 175-176).   If all points produced within a 

region were sized to fit a standardized haft, then points produced within a group could be 

used in any haft within the same group increasing maintainability of darts within the 

system. The Folsom points used in the CFBE were from the Southern Plains and were 

interchangeable. The cost of producing a functional haft is a trade-off in time that 

allowed more points to survive which would in turn decrease the need to produce new 
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projectile points.  Standardized production of the haft and Folsom point would have 

increased curation rates and sustainability of the system as a whole.  

Clovis technology should also be considered a system that may have been used 

differently from what we think. Clovis people may have been using different hunting 

strategies and hunting techniques based on what they knew and not what archaeologists 

infer from the archaeological record. The breakage of Clovis points in the CBCE is at a 

higher rate than expected but infers that Clovis may have not used an atlatl to procure 

megafauna. This increased breakage in the experiment could be evidence that Clovis used 

a thrusting spear to hunt megafauna. Penetration depth of the projectile point to the 

internal organs is important to killing an animal, especially one as large as a mammoth. 

Without penetrating the hide of an animal deeply, the chances of procurement decrease 

substantially.  

The Clovis darts point used in the CFBE did not penetrate well with a mean of 22.7 

cm (see Table 1), 9cm less than the Folsom points. With a penetration of only a mean 

penetration rate 22.7 cm using a larger Clovis point would have reduced penetration. The 

Clovis point breakage was extreme at 90% and therefore could not be expected to 

penetrate mammoth hide deep enough to cause catastrophic damage.   Hunting strategies 

built around the thrusting spear are probable and likely. 

From data on the thrusting spear experiments, the consistent commonality is that   

penetration often stops at the foreshaft juncture with the mainshaft (Frison 1986, Huckell 

1979, Smallwood 2006). During the CFBE comparison, the Clovis points performed the 

same way: penetration stopped by the mainshaft juncture with the foreshaft. This may 

indicate that foreshafts used by Clovis hunters were longer allowing for deeper 



70 

penetration by the foreshaft. The other commonality in these experiments is that Clovis 

projectile point survival rate increases with the use of a thrusting spear. Huckell, Frison 

and Smallwood documented Clovis points that were used multiple times before becoming 

unserviceable. Clovis breakage during the experiments was typically minor and could be 

returned to use with little effort in refurbishment often while still hafted. An example of 

this is a Gomphothere kill site in El Fin de Mundo in Sonora, Mexico, with multiple 

points sharpened while hafted (Holliday 2009).  

Combining the data in the three thrusting spear studies with the high survival rates 

on mammoth kill sites suggests that megafauna were hunted using a thrusting spear. A 

valid point to make is that the CFBE study illustrates the lack of penetration using a 

smaller Clovis projectile point. The projectile points used by all three thrusting spear 

studies are substantially bigger. The projectile points from sites in the San Pedro Valley 

are longer and wider robust points that would penetrate less than 22.7cm. This would 

make it impossible for the large robust Clovis points in the archaeological record to be 

used in a throwing spear system. Penetration would not have been effective and breakage 

would have increased on archaeological. 

The idea that Clovis hunters used a thrusting spear in hunting strategies specific to 

mammoth or any other prey does not preclude the use of an atlatl by Clovis hunters in 

hunting strategies. Strategies based on the use of thrusting spear combined with the atlatl 

could have been an adaptation used by to Clovis to take advantage of other prey. 

Mammoth were large and their size could have been used could have been used against 

them in the form of traps and also in the form of physical limitations. Elephants are 
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vulnerable when ascending or descending an incline, and this vulnerability could have 

been exploited by Clovis hunters using a thrusting spear.  

The transition from Clovis to Folsom technology can be seen stratigraphically at 

sites such Jake Bluff, Agate Basin and Blackwater Draw. Transitions in technology often 

occur in response to environmental triggers that create a necessity for adaptation 

increasing the efficiency within a system. Amick (1999a: 1) believes that studies of 

Folsom structure and variation are important for several reasons. First, the most direct 

means by which humans interact with and adapt to environment is technology (Amick 

1999a: 1). Second, lithic artifacts represent the most complete record of Folsom 

behavioral patterns (Amick 1999a: 1). The Folsom point as an economic multiplier may 

be among the many reasons that Paleoindians transitioned from Clovis to Folsom point 

technology. The increased functionality of the Folsom system allowed Folsom hunters 

increased economic success in the field. The increased penetration allowed Folsom 

hunters to kill bison efficiently and with an increased success rate. The CFBC shows how 

the Folsom system was the optimal tool technology for bison procurement. Innovations 

of the new system most likely gave way to improved hunting techniques developed 

during the Clovis period. Arroyo traps, sand traps, and snow traps were ideal hunting 

strategies where Folsom technology could be employed to its full potential.  

Folsom technology was an economic multiplier that was functionally superior to 

Clovis technology, as illustrated in Table 3:53-54. At the Cooper Site, the upper kill 

contained 29 bison, the middle kill 29 and the lower kill 20 bison. The minimum number 

of individuals at the Lipscomb site was 56 and at the Folsom site 28 where bison were 

killed (Bement 1999: 159).  
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Time is an essential component to hunter-gatherer societies and tool technology 

was integral to not only overcoming environmental challenges but to decreasing time in 

subsistence gathering and processing. The quality of the tool used in subsistence affects 

performance and directly impacts foraging returns (Bright et al. 2002:165). The best tool 

for the intended purpose is an optimal tool made for the task at hand. The optimal tool in 

a stable system used to hunt a stable population of prey increased the survival rate of 

Folsom people. The Tech Investment Model presented by Bright et al. (2002) is a fine-

tuned mathematical model that articulates the relationship between time invested into 

manufacture and reduction in handling time. Bright’s model demonstrates that the 

optimal amount of time to invest in tool production is the product of three variables. 

These variables include total time spent searching for food, resource encounters and base 

resource handling time (Bright et al. 2002:167).  

Evidence of successful subsistence strategies is found in bone beds at kill sites. The 

bone beds also indicate how resource time was used. Folsom hunters typically processed 

choice cuts of meat taking only what they needed for subsistence. For Folsom people to 

be able to choose the choicest cuts is a testament to their ability to encounter more bison 

and a testament to their success in general. Choicest cuts of meat can be dried quickly 

reducing weight without the loss of valuable protein because they are portable. Time 

producing the point, foreshaft and mainshaft were outweighed by the benefits. The Clovis 

point achieved the performance needed to hunt mammoth, bison, horse and other prey 

effectively. But the flaws in the Clovis system were increased maintenance and the need 

to produce projectile points on a consistent basis. The amount of time spent producing the 

Folsom point and deeper hafting area in the foreshaft decreased time spent on system 
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maintenance and decreased refurbishment on points and hafts. Each tool has a purpose 

and we must assume that Folsom points were chosen because of their functional 

performance and efficiency in reduced maintenance and refurbishment. 

When working with experimental systems such as Clovis and Folsom the binding of 

the point to the foreshaft is often ignored. The binding or sinew is an important 

component when combined with the tapered morphology of a projectile point. The 

lanceolate morphology of the Folsom point is at times tapered as are many of the 

Paleoindian points produced after Clovis. When bound the tapered morphology 

strengthens the hafting of the point during use. Pressure of impact followed by the force 

and weight of the mainshaft during penetration occurs, the sinew absorbs energy similar 

to a shock absorber. The deeper haft of the Folsom point absorbs energy as the point is 

pushed deeper into the haft and binding. At the same time the binding absorbs the 

pressure of the point being forced deeper into the haft. Cordage that binds the point 

tightly could also act as a shock absorber to any points with parallel edges. Edges on any 

of the hafting elements of Paleoindian projectile points are ground so the cordage binding 

the point into the haft is not cut during use.  

 The transition from Clovis to Folsom technology was a benefit to hunter-gatherers 

on many levels; function, production, organization, time and sustainability. It is possible 

the transition can be seen in the decision processes by Clovis people to produce smaller 

slimmer Late Clovis points such as the Domebo point and a similar Clovis point found at 

Jake Bluff. The reduction in size and increased breakage is most likely the impetus for 

the innovation of increasing the depth of the point in to the haft and the emergence of the 

full channeling of the Folsom point.  
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The Clovis Folsom Breakage Experiment results combined with data from previous 

research allows an enhanced perspective on the Clovis Folsom transition. The combined 

data indicates that Clovis used a thrusting spear in mammoth hunting strategies but does 

preclude the use of an atlatl in the same strategies. The CFBE data further indicates that 

the Clovis Folsom transition was cemented in Folsom innovations and higher 

functionality through higher penetration and refurbishment. The rate of curation of the 

Folsom point in the CFBE was far superior to the curation rate of the Clovis point. The 

innovations over time that produced the Folsom point system included the full-length 

channel flake that allowed for a deeper haft protecting the point from damage. The 

transition to the Folsom system occurred over a long period of time and as these 

innovations took place and functionality increased the Clovis point became obsolete.   

Conclusion 

The CFBE comparison illustrates the strength of the Folsom system over that of the 

Clovis system through functionality and performance. What makes Folsom a more 

functional system is how the point was hafted. The removal of the full channel flake 

allowed the point to be inserted deep enough that only the tip and blade edges were 

exposed. The combination of the haft and the point allowed for better absorption of 

energy decreasing damage to the point increasing point and haft survival. The benefit to 

Folsom hunters spending the extra time to produce the Folsom point and the haft was less 

time spent making projectile points after use. The increased curation rates of projectile 

points and foreshafts allowed Folsom hunters to spend more time on other pursuits.  

The increase in bison populations through competitive release after the extinction of 

the megafauna was further increased by the spread of C4 grasses on the Plains. 
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Sustainable prey populations created the need for Folsom hunters to create Folsom 

system that was ultimately built around bison subsistence. Expanded functionality 

through better penetration increased the number of animals killed at sites in turn 

increasing the amount of meat procured. Folsom bison kill sites show an increase in the 

minimum number of individual bison killed over that of Clovis. This increase in MNI 

indicates that the Folsom system was an economic multiplier. The change in prey due to 

changes in the environment pushed the transition from Clovis to Folsom with incremental 

changes over time. The hypothesis that Clovis transitioned into Folsom as a result of 

Clovis Paleoindians adjusting their behavior to deal with climate driven environmental 

changes has been argued since 1964 (Haynes 1964; Irwin-Williams and Haynes 1970).  

The CFBE infers that innovations to the Clovis system increased functionality and 

performance is the reason why the transition to the Folsom system took place. The 

increase in bison kill sites at the end of the Clovis period and functional innovations 

indicate that the Folsom system was designed specifically for bison subsistence. The 

bison killed at Jake Bluff and Murray Springs indicate that the change in prey choice 

began in the late Clovis period. Clovis hunters developed new hunting techniques in 

response to changing prey availability at the end of the Pleistocene (Bement 2010: 909). 

The change in prey from mega fauna to bison and the dangers involved with hunting 

bison forced the innovations to the Clovis system. 

There is a possibly that the Clovis system was used in a generalist subsistence and 

Clovis hunted mega fauna opportunistically. This would explain why there are only 14 

Clovis mammoth kill sites and not more. That Folsom specialized in hunting bison is well 

established (Bement 1999, Meltzer 2009,) and during the change in prey there was the 
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change in functional improvements that produced the Folsom system used to specialize in 

hunting bison. The Folsom system is unique in that the transition from Clovis system to 

Folsom system has more innovations than any Paleoindian tradition that followed.  
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APPENDIX A: CFBE POINT PHOTOGRAPHS AND ANALYSES 

 

 Below are the photographic sets of the front and reverse of each recoverable 

fragment from each point in the CFBE with breakage details noted in the caption below. 
 

 

 

DD1: Medial snap break at 28.89 mm and a distal snap break at 44.92 mm. Total length 

59.76 mm. Penetration 22 cm. Hit a rib. Not refurbishable. 
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DD2: Medial snap break at 27.24 mm. Impact damage causing a feather break at the 

distal end of the point. Penetration 27 cm. Not refurbishable. 
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DD3: Complete point. Hit the ribs squarely and bounced off. No penetration. 
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DD4: Snap break at the top of the hafting element 20.08 mm from the base.  Feather 

break at the distal end caused by impact traveled to the mid-section of the point. 

Penetration 18 cm. Not refurbishable. 
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DD5: Perverse snap break to the distal end of the point caused by impact. Two step 

breaks in series traveled past the snap break terminating at 36.50 mm. Penetration 22 cm. 

Not refurbishable. 
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DD6 Impact damage caused a snap break at the distal end of the point initiating shear 

breaks on either side of the point. The longer shear break terminated 12.5 mm from the 

point base. The shorter shear break terminated at 35.18 mm above the point base. 

Penetration 22 cm.  Not refurbishable. 
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DD7 Impact damage caused an angled shear break terminating at 6.3 mm from the point 

base. A snap break occurred independently of the shear break beginning at 15.35 mm 

above the base and traveling to the other side of the point terminating at 13.95 mm. 

Penetration 24 cm. Not refurbishable. 
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DD8 Impact damage snapped the tip at an angle into the body of the point. A transverse 

snap break occurred at 29.72 mm above the base. Penetration 20 cm. Refurbishable. 
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DD9 Impact damage caused a step fracture which terminated in the medial section of the 

point 31.81 above the base of the point. Penetration 21 cm. Refurbishable. 
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DD10 Impact damage at the distal end of the point terminates in a feather break followed 

by a distal transverse snap break at 42.17 mm above the base. Another transverse snap 

break occurred at 23.42 mm above the point base. Penetration 21 cm. Not refurbishable. 
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F1 Complete with the exception of a small feather fracture on the upper edge of the blade 

caused on impact. Penetration 32 cm. 
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F2 Snap break initiated at 30.68 mm above the base angling down to the opposite blade 

where it terminated at 22.99 mm above the base. Penetration at 30 cm. Refurbishable. 
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F3 Complete. Penetration 33 cm. 
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F4 Snap break occurred at 35.28 cm from the base of the point. Penetration 28 cm. 

Refurbishable. 
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F5 First snap break occurred at 35.34 mm. Second snap break occurred at 18.76 above 

the base. Penetration 27 cm. Not refurbishable. 
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F6 Snap break at 35.17 above the base. Penetration 31 cm. Refurbishable. 
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F7 Complete with the exception of one ear that was snapped off. Considered a complete 

point because it can be re-hafted without being refurbished. Penetration 33 cm. 
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F8 Complete point with the exception of slight breakage to one ear. Considered a 

complete point because it can be re-hafted without being refurbished. Penetration 34 cm. 
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F9 Distal snap break at 35.09 mm above the base. Both ears snapped off. Penetration 35 

cm. Refurbishable. 
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F10 Snap break at the distal end of the point initiated a shear break that initiated a medial 

snap break. The shear break continued at an angle after the medial snap break until 

termination on the edge. The base was snapped off. Not refurbishable. 
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APPENDIX B: EXPERIMENTAL PROJECTILE POINT MEASUREMENTS 

 

Table 4: Clovis Experimental Projectile Point Measurements 

 

 

 

 

 Mass L W BW TH HE %H HM Max Min 

DD1 7.2 60.05 19.96 18.96 5.69 21.83 36    

DD2 7.3 62.47 19.49 18.89 5.68 17.58 28    

DD3 6.8 61.64 19.2 18.02 5.56 17.53 28    

DD4 7.9 65.45 20.28 19.21 5.76 17.91 27    

DD5 7.5 60.02 19.52 18.38 5.65 21.15 35    

DD6 5.9 55.75 17.64 16.1 5.9 16.1 28    

DD7 6.1 55.04 17.67 15.5 5.92 17.18 31    

DD8 6 54.19 17.32 16.31 6.12 16.5 30    

DD9 6.2 56.29 17.19 15.24 6.32 15.81 28    

DD10 5.8 55.08 16.68 16.17 6 16 29    

        30 36 27 

Table Key: L=length, W=weight, BW=basal width, HE=hafting element. 

%HE=percentage of the point that is covered by the haft, HM=hafting mean, Max= 

depth of the point in the haft, Min=minimum depth of the point in the haft. 
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Table 5: Folsom Experimental Projectile Point Measurements 

 

 

 

 

 

 

  

 Mass L W BW TH HE %H HM MA

X 

Min 

F1 5.6 48.93 16.36 15.21 5.4 39.16 80    

F2 5.4 49.56 16.14 15.74 4.87 39.49 80    

F3 5.2 50.1 16.76 15.26 5.32 38.29 76    

F4 5.5 49.9 16.83 16.09 4.51 34.05 69    

F5 4.9 50 16.86 15.07 4.69 39.26 79    

F6 3.9 50.67 17.1 15.73 3.64 35.22 70    

F7 3.7 46.46 16.41 14.39 3.69 34.72 75    

F8 4.1 46.23 16.97 15.97 3.69 36.36 79    

F9 3.8 46.31 16.95 15.42 3.45 35.12 76    

F10 3.8 46.53 16.54 15.36 3.67 35.53 77    

        76 80 69 

Table Key: L=length, W=weight, BW=basal width, HE=hafting element. 

%HE=percentage of the point that is covered by the haft, HM=hafting mean, Max= 

depth of the point in the haft, Min=minimum depth of the point in the haft. 
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