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he Center for the Study of the First 
Americans fosters research and public 
interest in the Peopling of the Americas. T

The  Center, an integral part of the Department 
of Anthropology at Texas A&M University, 
pro motes inter disciplinary scholarly  dialogue 
among physical, geological, biological and  
social  scientists. The Mammoth Trumpet, 
news magazine of the Center, seeks to involve 
you in the peopling of the Americas by report-
ing on developments in all pertinent areas of 
 knowledge.

Unlocking the secrets of
Early American toolmakers
Using this calibrated bow, Anthropology professor 
 Michelle Bebber launches shafts at a precise  velocity 
to test the performance of projectile points on impact. 
Bebber and co-director Eren Metin have made Kent State 
University a powerhouse of research into Early American 
technology—they found, for example, that the iconic 
Clovis fluted point is more resistant to shattering on 
impact than unfluted points. See our story on page 5.
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he beautiful fluted projectile point, the icon of 
the Clovis culture, has stirred much controversy over the 
years among archaeologists searching for the answer to the

they intentionally designed them to adapt to different environ-
ments or prey.”

Fluting, a risky business
Despite some morphological differences, all Clovis points 
bear the distinctive flute. A fluted point is a work of art, and 
the harrowing fact is that detaching flute channels is one of 
the last operations the toolmaker performs. If the point breaks 

during fluting, all the time 
spent shaping the piece 
is wasted. “I’ve mastered 
Clovis technology, and it 
can take me an hour or 
hour and a half to make 
a fluted point,” Eren tells 
us. “That’s a big chunk 
of your day if your point 
breaks. Time is lost. So 
why would you risk flut-
ing?” Why, indeed, waste 
precious t ime when 
you’re simultaneously 
colonizing a new land-
scape—searching for 
food, learning the terrain, 

locating toolstone resources, and traveling great distances?
 It took Eren and his colleagues, and the advantages of 
21st-century engineering expertise, abetted by an arsenal of 
sophisticated test equipment, to prove that, for Clovis toolmak-
ers, gambling with possible failure was worth it. 

Flutes, a shock absorber
The purpose of the flute, the shallow channel that extends from 
the base of the point toward the tip on both faces, is to thin the 
proximal end of the point, especially its base. In theory, a thin 
stone-tool edge is weaker and more brittle than a relatively 
thick one. But given the widespread use of Clovis points across 
time and space, Eren and an interdisciplinary group of col-
leagues wondered whether that weakness in fact conferred an 
advantage. 
 Eren explains that when the point impacts a tree or a mam-
moth bone, compression between the object it hits and the 
8-ft shaft behind it imposes enormous stress on the point. 
“You’re going to get a lot of breakage, but then the very thin 

View of the Kent State experimental archaeology lab.

TT
question, Why was it fluted? 
 One conjecture argued that flutes sped the bleeding of 
speared prey, but that evoked the counterargument that flut-
ing was largely overlaid by the shaft and hafting material. 
Fluting made it easier to haft a point to a shaft, ran another 
contention, which ignored the 
fact that toolmakers success-
fully hafted unfluted points 
on spears for millennia be-
fore and following Clovis. Or 
perhaps it was just a way of 
jazzing up the weapon, a sort 
of artistic frill without any 
functional purpose. 
 A lthough Metin Eren, 
Assistant Professor of An-
thropology at Kent State 
University and Research 
Associate at the Cleveland 
Museum of Natural History, 
can’t disprove this final sup-
position, that f luting was 
purely decorative or served some arcane role in pre-hunt 
ritual, as co-director of the experimental archaeology lab at 
Kent State and himself a master flintknapper, he has demon-
strated that fluting was functional. Moreover, his discovery 
sparks our enormous respect for the intuitive skills of Clovis 
toolmakers.

Adapting weapons to new circumstances
Although we have learned much about the speed and scale of 
human migration into North America, we know little about 
the technological processes at play. On arriving in unfamiliar 
territory, early humans could have used or modified tools they 
developed previously, or they may have found it necessary to 
develop new tools to deal with new challenges. 
 Hunter-gatherers of the Clovis culture fall in the latter cat-
egory. The earliest Clovis projectile points date to 13,000 years 
ago and are distributed across the south-central and south-
western parts of the continent. “As they spread, Clovis spear 
points start to change,” Eren says. “What we don’t know is if 
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base will start to break as well, acting as a shock absorber, 
sort of like a bumper.” Think of collapsing panels in auto-
mobiles designed to spend themselves while absorbing the 
force of collision.
 Some crumpling still occurs, which absorbs some of the 
compression stress and thereby prevents the point from break-
ing in the middle. The overall effect of fluting is to increase 
the resilience of the point and extend its lifespan. “That’d be 
the first North American invention, that shock absorber,” says 
Eren. What’s remarkable to him is that it took 21st-century 
engineering to figure out something that people 13,000 years 
ago had already figured out. 

The benefits of fluting, examined mathematically
For science, it’s not enough just to observe things. You have 
to prove them quantita-
tively, statistically. Eren’s 
experimental archaeology 
lab routinely deals with 
extremely complex con-
cepts like stress distribu-
tion and modeling. “We 
have to collaborate with 
engineers and physicists 
because they have a lan-
guage that describes what 
we think we’re observ-

the failure threshold at a particular location, that portion of 
the object breaks, or experiences crumpling, and the stress is 
redistributed. 
 If the redistributed stress is less than the overall failure 
threshold, then the object remains intact. If, however, the 
threshold is exceeded, the object fails. The geometry of the 
object under stress determines how stress from damage re-
locates from one place on the object to another, such as from 
the tip to the base. 
 Eren’s team hypothesized that fluted points withstand higher 
energies and last longer than unfluted points because stress 
relocates from the tip to the thinner, brittle basal edge created 
by fluting. 
 To test the hypothesis, they conducted analytical and 
experimental analyses. The results showed that the tip of a 

point is initially subjected 
to the greatest stress. As 
the point deteriorates from 
crushing, a larger percent-
age of the maximum stress 
in the point is redirected 
from tip to base. 
 In another analysis, a 
Clovis point is modeled as 
tiny springs arranged in se-
ries the length of the point. 
In a computer simulation, 
each spring represents a 
portion of the point as it is 
compressed. When a part 
of the point is subjected to 
its predicted failure stress 

(the stress at which crushing fracture occurs, about 250 mega-
pascals), destroyed material is simulated by deleting a single 
spring.
 In these simulations, spring deletion always occurs at the tip 
of the point first, which agrees with the predictions. In a fluted 
point, however, spring deletion is relocated from the top to the 
base of the point sooner than in an unfluted point. Thus fluted 

Eren flintknapping a 
Clovis point.
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For computer analysis, the model of the point is 
discretized into 20 slices of equal height and the 

cross-sectional area of each slice is calculated. Each 
slice is interpreted as a spring. Load is applied to the 

simulated model, and stress is calculated in every 
spring. When a spring is subjected to calculated 

failure stress, a new simulated model is created with 
the failed spring deleted, the load is distributed 

among the remaining springs, and analysis 
continues. As springs are deleted, the stiffness of 

the remaining material is affected. In a fluted point, 
progressive spring deletions are relocated from the 

tip of the point to the base. In contrast, in an unfluted 
point the greatest stress always occurs at the 

portion of the remaining material closest to the tip. 
Consequently, under stress a fluted point suffers less 

damage to its tip than does an unfluted point.

ing,” Eren says. “This interdisciplinary work is something 
archaeologists should have been doing from the start.” To 
understand artifacts as much as possible, he insists that ar-
chaeologists “need to understand material science because 
that’s what it is.” 
 A material object under load—in this case, a Clovis point 
upon impact—experiences stress. Once stress has reached 
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points preserve more of their distal portion under stress than 
do unfluted points. 
 By assessing three variables associated with the resilience 
of fluted versus unfluted points—energy at failure, time at 
failure, and point length at failure—the team realized that the 
presence of fluting significantly increases the likelihood of 
relocating damage occurring on a point. Because damage relo-
cation increases overall resilience of a point in terms of energy 
absorbed, the time before point breakage, and remaining intact 
until that moment of breakage, fluting indeed contributes to 
increased durability. 

Was fluting worth the trouble?
The benefits conferred by Clovis lithic technology would have 
compensated for the steep learning curve and production risks 
involved in the fluting process. Moreover, Clovis colonizers 
ranging far from their toolstone sources and in need of sustain-
able resources benefited from reliable 
weaponry during the hunt.
 Eren hopes that further experi-
ments will consider peripheral vari-
ables untested by current models. For 
instance, Eren’s team assumed that 
the mechanical direction of force on 
the point is head-on to the tip, but fu-
ture studies could examine glancing 
blows or the effect on breaking if the 
point is rotating in the air. They also 
plan to examine varieties of Clovis 
point shapes, like the Debert-style, 
Vail-style, and Lamb-style fluted points 
from far northeastern North America, 
with deeper basal concavities than 
Clovis points from other parts of North 
America.

Evolving technologies
Over the centuries, simple f luting 
evolved into the intricate and risk-
ier process of full-faced fluting. “We 
haven’t tested full-faced fluting yet,” Eren says. “I have some 
hypotheses, though. One is that the manufacturers of these 
tools were simply showing off. It’s the same thing with feath-
ers: When they first evolved, they allowed dinosaurs and birds 
to glide and fly, but sexual selection can sometimes take over. 
You get something like a peacock, where the feathers aren’t 
functional; they’re just for attracting mates. In that sense, flut-
ing could be governed by sexual selection, where knappers are 
showing off. It’s very difficult for knappers to make full-faced 
flutes. It shows you’re worthy as a mate because you have this 
skill many don’t have. It’s costly because it takes a lot of time to 
get there. I do think there’s probably some function to full-faced 
fluting we haven’t yet figured out. You can have functional and 
sexual selection working simultaneously as well; the two aren’t 
necessarily mutually exclusive.”
 By late-Paleoindian times, fluting was abandoned alto-
gether, perhaps because later Paleoindians using lanceolate 

point forms were much more familiar with their landscape and 
toolstone resources and could afford to design their weaponry 
for maximum killing potential. “By that point, people have 
been on the landscape thousands of years. They’re no longer 
colonizers,” Eren says. They know where prey is going to be 
and where the toolstone sources are. In contrast, if you’re a 
colonizer like Clovis, you’re in a new landscape, and although 
you want to make a kill, if your point breaks and you don’t know 
where to find toolstone to make a new point, you’re at a severe 
disadvantage. Clovis had to ensure their points were as durable 
as possible.
 Thousands of years after Clovis, people are “less concerned 
about preserving their points because they know where the 
toolstone is. Now they’re more concerned with ensuring 
they’re going to make a kill by causing more damage to prey.” 
Owing to the shrapnel effect, a point inflicts more severe 
injury to prey if it breaks inside the animal. Think of the mod-

ern soft-nose bullet for firearms 
and the dread dumdum bullet of 
World War I, with an X incised 
on the tip to ensure its breaking 
apart on impact. Eren reminds 
us that sometimes “there’s an 
advantage to having your point 
break. They don’t always need to 
be durable.”

An exciting way to study 
technological evolution
Eren and colleagues recently re-
ceived a National Science Foun-
dation grant for collaborative 
research on “The role and func-
tion in traditional weapon design.” 
The goal of this project is to under-
stand the role that function plays 

in traditional weaponry design. It will investigate the evolution 
of Ice Age stone-tool weaponry, dated to 13,500–12,500 years, 
used by hunter-gatherers in colonizing North America. 
 Eren’s team is looking at Clovis as it moves from west to 
east across the continent. As the culture moves, the points 
change in size and shape. Do the changes offer a functional 
advantage? Are people adapting hunting technology to the 
specific environment they’re in? The team can test that in the 
Kent State experimental archaeology lab because they have 
replicas of all the different Clovis styles and can determine 
how well they shoot, how well they cut. Eren boasts that “in 
our experimental archaeology lab, we can reverse engineer 
these things and see whether these different Clovis point 
shapes endow some sort of functional advantage.” 
 In the experimental archaeology lab, Eren and his team, 
many of them students, test replicate Clovis points by using 
them, shooting them, crushing them, all to see if functional 
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Bebber in the pottery workshop of the 
experimental archaeology lab.
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sity is the mother of innovation. Early humans had to make 
sure they definitely made a kill. But sometimes evolution isn’t 
progressive; it can go the other way. 
 “They’re making one style of tool, and in the next period the 
style decreases or disappears completely, and then we can say, 
‘Hmm, why is technology suddenly getting worse?’ And we look 
at the number of sites. Maybe there was suddenly a plague or 
environmental downturn, with fewer people there, and because 
of the demographic change, knowledge just wasn’t sticking in 
the population as well,” Eren says. Of course, researchers can 
only make these kinds of inferences if they first understand 

how the artifacts work. 

Returning to the roots of 
archaeology
For Eren, experimental ar-
chaeology brings archaeology 
back to its roots. He believes 
that archaeology’s principal 
strength —artifacts—is get-
ting overlooked by sub-dis-
ciplines like geoarchaeology 
and ancient dna archaeology. 
He insists that “our strength 
should be material culture and 
how technology evolves. I’m 
not saying we shouldn’t have 
other sub-disciplines, just that 
our ultimate focus should be 
artifacts, and the best way to 
understand them is through 
experiments.” 
 Although not every archae-
ologist is doing experimental 
archaeology, Eren believes ev-

ery archaeologist should be doing it. “Todd Surovell published 
a paper in American Antiquity about how the archaeological 
record is a finite resource and we’re running out of sites,” Eren 
says, “so the most sustainable way for us to understand artifacts 
is through experiments. It really is the future.”  

–Katy Dycus
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als research. Most recently, one of my students did a ballistics 
study comparing Neo-Assyrian bronze arrow points.” Between 
Eren and Bebber, they can cover the full spectrum of ancient 
tools. 
 In a recent article published in Journal of Archaeological 
Science, the two compared the efficiency of copper versus 
stone projectiles, considering the old copper culture in 
North America. In this study, they looked at how well a 
copper point versus a stone point penetrates a target. They 
have compiled a profile of ballistics data, weight-of-pull of 
a calibrated bow vs. performance. “We can shoot the same 
target over and over again to see which tool works better,” 
Eren explains. “So we can do that not only with copper ver-
sus stone, but with different styles of stone points. Once we 
understand how well this stuff works, we can go back to the 
archaeological record and say ‘ok, this group here made this 
style of stone point. In the next period, they make a point that 
functions better. Why?’”
 Then the team looks to the environmental record and imag-
ines the possibilities; for instance, perhaps there was suddenly 
a big drought, so there wasn’t as much prey on the landscape, 
and that must explain why points were suddenly better. Neces-

differences exist within the technology. They even haft points 
onto arrows, which they then fire at clay targets with a high-
tech projectile launcher while measuring the velocity of differ-
ent shapes and materials with a speed-timer. 
 “We can test nearly anything about prehistoric technol-
ogy in this lab,” Eren says. “We can recreate and then reverse 
engineer virtually any artifact from the last 3 million years 
of human technology from stone, ceramics, metal, or other 
material, and figure out how it was made or how it functions.” 
Researchers can’t use real artifacts in their tests because 
they’re priceless. The replicas they make, however, are 
expendable. 
 The lab contains an impressive 
ballistics range, a pottery studio, 
flintknapping area, metal forge, an 
$80,000 Instron Universal Materials 
Tester, microscopes, biomechanics 
equipment, and the list goes on. “We 
are essentially a materials-science 
and technology lab that is 100% dedi-
cated to prehistoric technology,” 
Eren says. 
 Michelle Bebber, co-director of 
Kent State’s experimental archaeol-
ogy lab, focuses on pottery and metal. 
“In the lab, I am responsible for the 
ceramics area, metal-forging area, 
and for setting up the Instron to run 
various tests,” Bebber says. “Plus, I 
conduct my own research and advise 
students interested in pottery or met-

Bebber and student using the 
Instron Universal Materials Tester.


