





Teaching Experience -- Iowa State University (Con't):

" Introduction to Physical Anthropology
(Including human osteology laboratory)

Introduction to Archaeology
(Including archaeology laboratory, i.e. methodology,
lithic technology, flintknapping)

Archaeological Laboratory Technician:

Arkansas Archaeological Survey 1970 - 1971

Papers FPresented:

In

In

Flenniken, J.J.
A Suggested Functional Classification of Aboriginal Al
at Plains Anthropological Conference, Annual Meeting,
November, 1972,

Flenniken, J.J. v
The Making of a Clovis Point. Presented at Iowa Arch:
Conference, Annual Meeting, Mt. Ayr, Iowa, 1973.

Mandeville, M. and J.J. Flenniken
A Comparison of Flaking Qualities of Nehawka Chert Bel
Thermal Pretreatment. Presented at Society for Ameri
Annual Meeting, Miami, Florida, May, 1972. Presented
Anthropological Conference, Annual Meeting, Lincoln, !
1972,

Press:
Mandeville, M. and J.J. Flenniken
A Comparison of Flaking Qualities of Nehawka Chert Bef
Thermal Pretreatment. Plains Anthropologist. (In Pre:s
Preparation:
Faunal Analysis of Strickland Island.

Earliest Inception and Distribution of Side-Notched Projec
the Southeast United States.

Cultural Change Demonstrated by Projectile Points.
Replication Studies in Lithic Technology.

Thermal Pretreatment of Novaculite.

Flintknapping Demonstrations:

Iowa Archaeological Society Conference, Annual Meeting, Ft.
April, 1972.

Lithic Workshop, Plains Anthropological Conference, Anrual
Lincoln, Nebraska, 1972.

Special Archaeological Skills:

Flintknapping

Lithic Analysis

Salvage Archaeology: Mapping
Surveying



PROPOSED INVESTIGATIONS INTO

THE MECHANICAL PRINCIPLES OF STONE TOOL MANUFACTURE

Submitted as a doctoral research proposal by Alaric Faulner
to the

Doepartment of Anthropology, Washington State Universicy

Desired starting date: June 1, 1970

Duration of research: one year

Alarie Faulkror
March 17, 1970
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The Moechanics of Stone Tool Manufacture
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the regular conchoidal fracture of a selsction of isctropic, brittle
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Backeround

Flaked stone aruifactf[grq ueneral ;)well-preserved beirg more
resistant to mosi weathering agents than most non-lithlc artifacts.
Because prehistoric man often relisd on ihe sharp edges which can be
produced in the brittls fracturs of certain lithic matsrials, «.d because
these materials arse available in many parts of the world, egtons artifacts
ars widely distributed in time and spacs, - Although durable from the
standpoint of preservation, these tools wsre repsatedly broken, exhausted,
or misplaced in the ccourse of everyday life, nscessitating freguent re-
placemont. Consequently, the archaeologist (isjof uan]prov1ded with a

large, well-preserved sample of stone tools and releted debris in a

Recently, many archaeologists have become aware of the value of
attempting to duplicate lithic specimsns experimentally using primitive
techniquas, in order to make better uss of this vast amount of lithic
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data. Under ths tubelage of such lithic experts as Frangois Bordes -7 Zrrliwex

o’ ¢ Sary A I
€Sortrormay and Donald Fraot*ee,f?daho State Un*veraity,i rchaeologists

and students have learned how to producs a variety of tools using bLoth
percussion and pressure technigues. In fact, Idcho State University
and Washington S%tate University both offer courses in this subject.

In pursuing lithic'technology imitatively the investigator gains a
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"fecling” for a particular taschnique ussd on a particular material,
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L by meking decisiens k91m41ar to hg-qgaa&lnns made by the successful native
«\i f1int knapper. This is not to say that in duplicating an artifact one
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\E automatically duplicates the manufacturing techniques employed by the
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this informati

on lies in its potential contribution to inferences

about past behavioral patterns, technological sophistocation, human physi-

clogy.
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purposs of this investigation, then, shall be to prceduce &

o
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heory of controlled brittle fracture, i,8, a theory of flint knapping.

Procedure
Four materials arae tentatively suggested for comperative purposes,

& fine-grained basalt would Le chosen because of its marked resistance
to fracture (oftean loosely described as "hardness") in couparison to
many other materials suitabls for making stone tools, Chert, my second
choice, might be described by a flint Knapper és "more brittle®, for in
certain forms it seems to fracture with less effort; for this reason it
has always been a populer material when available. Obsidizan, also a
popular material, fractures with sven less effort, and hecause of its

availsbility in qQuantity it would also bs a likely choice., Finally, a

Lt

s51lica glass, which has long been a2 model material in fracture mechanics,

would be halpful eas a control to aid in applying othsr brittle fracture
studiss to the sub ject of flint knapping.

One of the first tests to be made on the rock samples will be ths
determination of the angle of internal friction of each material, This
paraﬁeter is of importance in establishing whether or not the materials
can be expectsd to cbey the Counlomb-Navier and Mohr theories of brittle
fracture (Anderson, 1957 and Overt and Duvall, 1967), For example, a
thin slice of obsidian, when struck from above should fracture at an angle

of 45° plus ons half the angle of internal friction ($) if the abvove

assuription 1s correct (ses figure 1),

= hso s P
@ = 450 4 5 where § "
%
1s the angle of internal friction...
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withod used to caleulate the angle of internal friction involves
the uso of a triaxial vessel, a device used to test the compressive sirength
of a sample under variable conditions of confining stress. The detzils of
this calenlation may be found in Chert and Duvall (1967: 284). Procedurally,
it requires the preparation of ten to twenty cylindrical cores of each
material. The cores, 2 inches in diamster, and 4 inches high, are made
with a diamond tipped coring machins, and the ends of each core are zround
square with its longitudinal axis to insure uniform compression of the
sample. Waste material is considserable, and large samples of sach rock
type ars roquired. Furthermors, an attempt will be made to heat trsat
the matsrials as well, using a kiln, te see what effect this may have on
the angis of internal fiction of the material.

Oncs a relationship has been established between the direction of
the applied force and the initial direction of fracture, we can make use
of ths techniane of three—dimensional photoelasticity te determine the
stress distribution within an artifact which is being flaked. A complete
description of this method may bs found in Dally and Riley (1965) or any
numbsr of texts covering experimental stress analysis. Using this tech-
nique, an investipator must cast a model of the tocl to be analyzed in
6poxy resin, a process takingz about two weeks of curing time in a spscially
designad oven to avoid causing any thermal stresses in the casting. This
casting may then be loaded in simulation of a striking force, hsated to
a critical tempsrature, and then cooled, in this way actually "“Ireezing”

stresses into the plastic. Finally the casting may be sectioned-in any

plane in slices of uniform thickness, and these sections, the stress pattern .

sti1l frozen in them, ma2y then be examined in polarized light. The

property of "birefringence® or "double refraction®, the ability to split
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incident pdarized light into a fast component and a slow componont,
is imparted to the stressed plastic. When viewod through a polarizing
filter this phencmenon prcduces pstierns which allow us to determine
the distribution of stress within the plastic. Knowing the direction
of fracture relative to the principle stress axes and the distribution of
stress within a particular form, it should be possible to predict the
path of the fracture.

Dynamic tests, relsvant to percussion fhaking, have bsen carried
out in glass using high spesd photography. Schardin (1957), ‘or egxmple,
discovered that cracks in glass start siowly, but scon reach aﬁﬁitaolute; j ?
constant velocity of propogation,; a property determined by the chemical
composition of the glass. Coupling this knowledge with what is known about

the propogation of elastic waves in glass, it may be possible to explain

such features as ripple marks and hackle lines (striae occurring along the
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axis of the bulb of-: pﬁ*cu551on) and make use of these landmarks diagnos-
tically. Procedure would include the measursment of fracture velocitiss
in each of the four test materials.

firally, repeatable dynamic tests would be set up in simulation of
percussion fleking. Factors to be investigated are those known qualitatively
to affect lithic fracture: size, ﬁass, shape, nardness, and velocity of |
The nammerstone or billet, the nature of the striking platform, the dirsction

of contact, the nature of support of the material, the confining pressure

contributed by the grip of the hand, and so on. Again, large amounts of
raw materials are required. It is possible, moreover, that the technique
of photoelasticity may be adaptable to dynamic stress analysis of percussion
T el
flaking, ~
r))'
Intended outcome =
This investigation represents the first rigorous attempt to develop N
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& theory of rock fracturs applicable to flint knapping. Although 1t
can not bs expscted to be exhaustive, it may provide a workable scientific

ool for archaeologists to extract new infaormation from collections. Hope-

fully 4t will raise new, significant guestions and spur deeper 1investipation

Peeilities availabls o the investigator

Triexial stress equipment will ne available to the invesﬁiqator
through courtesy of the Collegs of Mines, University of Idaho. Photoelastic
sguipment for stress freezing is available in the Department of Mechanical
Engineering in that same institution. The facilities of ths Laboeratory
of Anthrepology, particularly the shop, shall be used in preparation of
dynamic testing equipment, t is expected that other relevant equipment,

such as highspesd motion picture apparatus, shall be used as it becomes
E I DI )
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