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ABSTRACT

This thesis is primarily concerned with
the principles of transmission of applied force
in solid materials, with particular interest in
applying these principles to stone chipping tech-
nology in order to correlate specific results of
particular techniques of manufacture with the
underlying principles of physics producing these
formal results. To implement this above concern,
'a general disecussion is presented of the physical
principles of force transmission in different
media, with particular reference to the natural
glass, obsidian, and to synthetic glass which
pPossesses duplicate physical properties to a very

great degree.

It is concluded that fracture of lithic
materials such as obsidian and flint is caused by
the transmission of applied force by means of
shear waves and crack propagation. Shear waves
result in shear stress and strain which eventually

result in plastic flow along the surfaces of maximum



stress and ultimately in fracture or rupture

of the material.

A section on general aspects of 01d and
New World chipped stone technology is followed by
a portion of the text devoted to the presentation
of specific formal traits or attributes of stone
artifacts noted by experimenters in stone working
as resulting from specific techniques‘of manufacture

Previously described under general stone technology.,

A portion (those artifacts termed "blade-
like flakes") of the El Inga, Ecuador collection of
obsidian artifacts held in the Laboratory of Anthro-
pology, University of Manitoba, is analysed in
terms of a number of attributes previously described
as relatable to particular manufacturing techniques,
These particular attributes have been selected be-
cause they are known, by inspection, to be present
among artifacts in the El Inga collection. Statis-
Tical techniques are employed to facilitate inter-
pretation of the frequencies of these attributes
and of their various combinations in the collection
sample of blade-like flakes as indicative of the
presence here of a preferred technique of blade

manufacture,



Finally, similar kinds of problems,
entailing the investigation and interpretation
of different attribute combinations than those
handled in this thesis, are posed for future

studies of the El'Inga collection.
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PREFACE

It is my feeling that a knowledge of
the principles and processes of physics under-
lving all technicues of stone technology is an
absolute prerecuisite for a clear understanding
of the nature of formal attributes possessed by
artifacts resulting from such technology.
Physical principles involved in the application
of force to stone materials and the subsequent
fracture of these materials ought to be closely
examined to provide a background for the sub-
sequent empirical correlation of specific formal
attributes and specific techniques of manufacture.
I am not presently aware of the existence, in
archeological‘1iterature, of such a study and I
feel that this paper may constitute a real con-
tribution to the direction of further research in

this line,

T have worked in this thesis with selected
portions of a collection of obsidian artifacts from

the Ecuadorian Highlands in abtltenplting an anslysis

of specific attributes and their correlation with

ii



specific manufacturing technicues. Such
observations as I have made in this respect
are based upon results noted by a number of
experimenters in stone working and upon pub-
lished results of fracture experiments in the

glags industry.

I wish to acknowledge my indebtedness
to Dr. W. J. Mayer~Oakes for his very substan-
tial assistance in planning the research
embodied in this thesis. Further acknowledge-
ments are due to my wife, Donna, for her aid
in the preparation of thesis illustrations
and to my mother, for her repeated efforts in

the typing of this manuscript.
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INTRODUCTION

In examining a collection of stone
artifacts, even the casual observer will note
that there are a number of traits or charac-

teristics of form which recur in many or most

artifacts viewed. Many of these characteris-
tics, such as colour and texture, are dependent
upon the raw material from which the artifact
was manufactured. Other recurring traits do
not seem to owe their presence merely to the
nature of raw material employed, but rather
sppear to be the visible result of the partic-
ular processes of modificebion as an artifact
to which this raw material has been subjected,

YWhen raw stone material is being modi-
fied as an artifact, the manufacturer makes use
of physical principles of transmission of force
in solid media. I do not, of course, mean o
imply that a manufacturer usually possesses any
kind of exact knowledge of the theoretical

nature of force transmission in solids. Rather,



he has learned experimentally, or through
having been taught, that if he strikes a
certain kind of chunk of raw material at a
certain angle, with a certain force and with a
certain kind of striker, he may be able to
control to a high degree the overall shape of
the chip struck off the chunk of material.

In archeological literature, there
is a considerable number of publications
where note has been made of specific formal
Ttraits or characteristics of artifacts which
have been seen in experiment to result from
certain ways of working stone material. It
1s often possible to say that a specific
characteristic of a particular stone artifact
is the result of a specific technique employed
in its manufacture. Little or no attempt is
made in these publications to explain, in
terms of physical principles of force trans-
mission, why a specific trait (and not certain
others) should result from a specific manufac-

turing technique. I shall attempt in this



thesis to compile lists of traits which have
been seen empirically to be associated with
specific technigues, and to explain this
associgtion in terms of physical principles
of force transmission to be outlined prior to
the compilation of the trait lists.

Next, I shall handle a collection of
obsidian artifacts from El Inga, Ecuador,
examining the collection for specific traits

(or attributes, as I shall later use the term)

chosen on the basis of the sbove mentioned

ct

rait lists for their technological significance.

n other words, I shall work with specific

-t

traits which have been empirically demonstrated
to result from specific manufacturing technigques.
It is thought that a statistical handling of the
frequency of combinations of these traits will
be helpful in determining whether or not the
collection exhibits any preferred technigue of
manufacture.

During previous years of graduate work

in archeology at the University of Manitoba, a

feeling had arisen, among students and staff alike
o b b
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that a need exigsted for some kind of fixed model
for the systematic organization of archeological
research. By the end of the 1966 academic year,
this need had been met by the staff and student
members of a graduate seminar in archeology
(Mayer-Ogkes 1966a), culminating in a research
model labelled "The Ideal Model TFor the Total
Archeological Process'.

I intend to structure the research com-
prising this thesis in accordance with the model,
but do not wish to create the impression that it
is merely a device for the organization of the
writing of archeological papers or reports.
Rather, the model might best be viewed as a way
of thinking about and planning research strategy
upon any archeological problem, from the most
specific and concrete to the most general and
abstract.

Although the reader is referred to the
above cited paper by Mayer-Oskes for detail on the
research model, a brief description is in order
here. The model consists of four seguential

operations, each of which is a category of kinds
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of established archeclogical activities and none

of which has a set specific content. That is,
though the content of an operation be conceived,
generically, as of one "kind", the specific content
will depend upon the particular problem to which
the model is applied at any one time.

Each operation is characterized by a major
research objective, this term referring to the zoal
or aim of a particular segment of research. The
four sequential operations end their identifying
kinds of major objectives, here looking at the

model in the most general way, sre as follows:

1) Problem Formulation

The major objective here is the verbal-
ization of the problem which an archeologist has
sensed in data somewhere encountered, and the

further stetement of a testeble hypothesis purpor-

ting to account for the data as observed.

2) Observation
Here the major objective is the gathering
of data which the archeologist deems relevant to the

testing of the above hypothesis.
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3) Description
The major objective here being the
description of data collected in the course of
the previous operation. Iach archeologist will
choose whatever analytic or classifactory devices
he believes fitting to his problem in order 1o

describe the data.

L)  Interpretation
Here the archeologist must interpret
his described data in terms of the hypothesis
put forth in the first operation.
It is clear, then, that any perticular
archeological activity will be included in that
operation whose major objective it most immediately

SEYrves.

Major objectives of operations asre to be
achieved, in each case, by a method, which may be

seen as the posing of a series of minor objectives,

each of which may or may not depend upon the accom-

plishment of the prior objective for its completion.

The term technigue, as employed in the model, refers
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to the manner of mechanical performance required

to achieve a minor objective.

The four operations are necessarily
sequential then, as each depends upon the one
preceding for its existence. DPossibly of equal
importance is the fact that the operations of
the model are systemetic, in that changes occurr-
ing in one will effect changes in at least one
other, even one »rior in time of initial accom-
plishment. There is, then, a kind of dynamic

feedbasck process built in to this research model.

Finally, the model has two different kinds
of possible application in archeology: (1) as a
means of effectively organizing research strategy
bearing upon a specific archeological problem,
and (2) as a means of systematically bringing
together the total range of established archeolog-
ical activities at whatever level of generality
or specificity. As regards this thesis, it is
clearly in the former capacity that the model will

function.



CHAPTER I

OPERATION 1 - PROBLEM FORMULATION
Major Objective
To begin any kind of archeological
research, one must take the concept artifact as
a given, conceived broadly as an object whose
natural state has been intentionally modified by
human agency. It has been made admirably clear
in recent archeological literature that artifacts
ought to be viewed as possessing properties pecul-
iar to each of the three discrete dimensions -
form, space and time (Spaulding 1960: 438).
Further, artifact function has been viewed in a
way meking function_analagous to a fourth dimen-
sion (Binford 1962). This thesis will deal, in the
main, with the formal dimension of artifacts.
An artifact attribute may be here
defined, in a preliminary way only, as a trait or
chargcteristic of any dimension of that artifact.
Formal attributes or artifacts may be related to
either the natural state of the material constitu-

ting the artifact, or to the process of modification



of the material by human agency. These attributes
will sometimes be visible to the naked eye, but
many formal attributes are seen clearly only with
the aid of a microscope.

Processes of intentional modification of
natural material by human agency are what I shall
refer to as techniques of artifact manufacture. In
order to relate specific, deliberate manufacturing
techniques to resultant formal attributes, one must
have at least a general knowledge of the physical
laws governing the transmission of applied force
throughout the solid media representing the raw mater-
ials of artifact manufacture. One American archeol-
ogist, who has taken considerable interest in the
mechanics of certain aspects of lithic artifact manu-
facture, has indicated his concern with the ignorance,
on the part of his colleagues, of the basic principles
involved in such technology (Witthoft n.d.: 2).
Witthoft is referring here specifically to the nature
of raw materials and to differences in techniques of
manufacture of stone artifacts. It seems safe to
assume that an at least equally unclear state of know-
ledge exists among American archeologists with respect
to physical laws governing the internal transmission

of forces applied externally to natural materials in
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the course of various techniques of manufacture.

Hypothesis I. - The statement of Hypothesis

I is the major objective to be formulated in this
operation. It is the proposition that specific
formal attributes of stone artifacts may be inter-
preted as the result of specific manufacturing
techniques, given a background of empirically
observed correlations between specific attributes
and specific techniques. Those background data are
to be drawn from published accounts of relevant
practical experiments in stone technology.

Further, I theorize in the above connection that
observed specific correlations of manufacturing
technique and artifact attribute may be interpreted
as resulting from the action of specific physical
principles of force transmission in stone materials.
In this regard, a general discussion of physical prin-
ciples of force transmission in solids and of the
physical properties of solid media (especially stone)

will be necessary.

Minor Objective
Subsequent to the testing of Hypothesis I, 1
intend to test a second and related hypothesis, namely,

that statistically observed frequencies of certain formal
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attributes of those obsidian artifacts termed
.blades, contained in an artifact assemblage from

El Inga, Ecuador (Mayer-Oakes 1965) may be inter-
preted as resulting from preferred or avoided
techniques of manufacture., The means of testing

this hypothesis (other than the achievement of the
testing of Hypothesis I as above) are partially
contained in minor objectives 4, 5 and 6 of Oper-
ation 2 to come. Finally, in testing this second
hypothesis, statistical techniques will be applied

to observed frequencies of specific attributes and
their combinations in order to determine the signif-
icance of the difference between observed and expected
frequencies in the collection. Subsequently, fre-
quencies of these specific formal attributes and
their combinations will be interpreted, where such
interpretation is thought to be statistically valid,
as reflections of preference or avoidance of specific
manufacturing techniques. By this I mean that a
particular combination of attributes appearing with
a frequency much higher than that which would statis-
tically be expected from chance alone, and where the

technological significance of each attribute has been
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previously demonstrated, ought to be amenable
to interpretation as the presence of a partic-

ular preferred technique of manufacture.




CHAPTER IT

OPERATION 2 - OBSERVATION
Major Objective
In this operation I shall attempt to assemble
a body of data relevant to and sufficient for the

testing of the hypotheses promulgated in Operation 1.

Method

The method of accomplishing this major
objective is viewed as comprising the accomplish-
ment of six sequential minor objectives:

1) A discussion of the physical principles
involved in the distribution of applied force in
solid media.

2) Preparation of a general statement on stone
technology end materials as known from 01d and New
World prehistory, emphasizing the blade as a concept.

3) A tally of observations made by experimenters
in stone technology, on correlations between specific
techniques and certain formal attributes of artifacts
produced; and presented in terms of physical prin-

ciples.

L) A description of the material to be handled

- 13 -
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from the El Inga site, conducted in the light of
the above three objectives.

5) By comparison of recent archeological liter-
ature, the derivation of a general statement on

conceptual archeological theory pertinent to this
thesis.

6) The presentation of a specific conceptual
framework for the analysis and recording of formal
attributes of artifacts to be handled from the El

Inga collection.

Distribution of Force in Solids (Minor Objective 1)
Solids. - Matter is considered to be in the solid
state when it will return to its original form when
applied force has been removed. There is no sharp
boundary between the ideal solid and the ideal liquid.
One must resort to a description of differences in
molecular structure and cohesiveness when dealing
with a substance of constant chemical composition,
but which may exist as a gas, liquid or solid.
Force. - In physics, a force is defined minimally as

a push or pull on an object., In the measurement of a
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force, both magnitude and direction must be sgpecified.
The point at which a force is applied must be stated in
the delimitation of force direction. A complete des-
cription of a force would read something like “"a man
exerts at the point O a force of fifty pounds in the
direction of OA" (Heil end Bennett 1939:3). Forces
may thus be treated as vector cuantities and any one
force may be resolved into component forces acting in
different directions (Fig. la). In this figure, Cl
and C2 are vecltors of two component forces into which
force F may be resolved. TForce here is treated as
acting upon a particle or point, some indefinitely
small portion of an object (Hills 1963:80).

Wave Motion. -~ When a solid is struck at any point,

a compressive energy moves through the solid at a uni-
form velocity in a series of pulses (Heil and Bennett
1939:272). Although the initial force application is
but one single pulse, the elastic properties of the
body cause an action and reaction between adjacent
molecules, a2 kind of back and forth motion of particles
which causes the initial pulse to be sent out as a

series of pulses, dying out the further distant from

the original source. The velocity of this pulse trans-

mission depends upon the medium in which it is trans-
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mitted (Heil and Bemnett 1939:289-291). A more
rigid and highly elastic nmedium such as steel would
transmit a given initial pulse more rapidly than,
say, wood. Only energy is transmitted by pulse
action, not matter. Where the transfer of energy
is a2t right angles to the motion of parvicles in

the compressional pulse, a transverse wave results.

A longitudinal wave resulls when energy transfer is

(=¥

in the same direction as Tthe motion of the particles
in the pulse (Fig. 1d). In the transverse wave
depicted in this figure, the transfer of energy is
from left to right (as indicated by the arrow),

while the actusl motion of particles is st a right
angle to the direction indicsted by the arrow. An
analogy here is the way in which a pulse travels
along a rope secured at one end and moved up aend down
in a vertical plane at the other end. An analogy for
the longitudinal wave is a series of golf balls
suspended by strings in a straight line and in one
horizontal plane, and touching one another. When

a force is applied to the ball at one end of the line

a pulse travels along the line of balls to the ball

at the far end which will move for a time in the
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direction of the initial force, but will eventually
(because of gravity in this example) stop and re-
verse direction, striking the line of balls and
setting up a pulse in the opposite direction from
that of the initial pulse. Such analogies ought
not to be overworked, but may be helpful.

Both kinds of waves will be dealt with
later in the text in the context of their respec-
tive roles in the process of fracture of solid
materials.,

With reference to transverse waves, two
waves in the same wave plane, but coming from two
different sources, will cancel each other out if
the peak of one interferes with the trough of the
other (Fig. 1d). Conversely, if two wave peaks
coincide, they reinforce each other and result in
a larger peak.

Both longitudinal and transverse waves propa-
gated in an elastic solid will be reflected back from
the boundaries of the body (Morse 1958: 3-101l). Trans-
verse waves may be reflected as longitudinal waves
and longitudinal as transverse. Clearly, the inter-
action of wave fronts in a body will become a very

complex network, relative to the particular molecular
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structure and shape of the body,.

There is a kind of transverse wave which is
propagated at a tangent to the direction of motion
of particles in a pulse, this being termed g shear
wave. Actually, when a force is applied to an
elastic body, a large number of shear waves radiate
out in all directions from the point of contact.,
There is an obvious relationship between the trans-
fer of energy by shear waves and the shear stressesg
and strains dealt with below under appropriate head-
ings. In shear waves, the pulse "proceeds outwards
along ever-expanding cylindrical surfaces" (Heil and
Bennett 1939: 282).

When a vertical force is applied to a plane
surface on an elastic body, a transverse circular
wave or pulse passes out along the surface with the
point of contact as centre (Fig.le). Such a surface
disturbance also produces a hemispherical wave within
the elastiec body., 4 spherical wave is produced in
such a body when a disturbance is effected at a point
within it,

The distance between the peaks of waves along

& transverse wave plane is termed the wave length, and
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wave length relates to the velocity of the initial
pulse or force application, so that one may state
that the higher the velocity of force application,
the shorter the wave length, Magnitude of the
initial pulse will determine the strength of the
wave front, or how far it will propagate into a
given elastic body, but does not relate to wave
length.

Stress. = Internal forces are set up in a body
by the application to it of an external force or
forces. The resultant internal action and reaction
of adjacent particles in the body (the state of
stress) is not amenable to analysis by the use of
force vectors, but requires mathematical treatment.
Stress must be considered relative to any one point
in the body. A unit area or surface including this
point is chosen in any direction, and stress is
specified as the total of internal forces acting on
this surface or unit area within the body. The plane
of an arbitrarily chosen surface (Fig. 1b) will have
a compressional normal stress N (right angled to the
plane) and a tangential or shear stress S (of impor-
tance in later considerations) parallel to the plane.

R represents the reaction to applied force F. 1T have
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noted above that many shear waves will radiate out
from the point of contact in an elastic body to
which external force is applied. A network of shear-
ing stresses is therefore set up within the body,
Inclined at an angle of approximately 450 to force
vector F is found the maximum shearing stress (rep-
resented in generalized fashion in Figure 1b by S).
This statement holds for mathematical calculations
of shear stress in an idealized, infinite, elastic
medium (Nadai 1931: 218)., Because the state of stress
within a body relates to the action and interaction
of adjacent parts, the shape of the body will obviously
play a great part in particular stress distributions.
Strain. - This concept has to do with the measure
in which a body is deformed (this term means simply, in
physics, put out of shape, or changed in form and is not
concerned with the permanence or temporariness of this
change) by stresses resulting from external force appli-
cation. Although strain is viewed as caused by stress,
strain propagation in a body occurs simultaneously with
stress of transmission. Planes of strain will, then,
correspond to stress planes.,

Elasticity. - Principles of stress and strain have

been derived from observing elastic deformations of
bodies. If a strained body reverts to its original form
after the removal of stress, it is said to have exhib-

ited elasticity. A perfectly elastic solid would return
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to its original shape after the removal of stress

of any order of magnitude.

Plastic flow. - Materials which have a definite

strain limit beyond which they will not return to
original form, but yield in some measure to permanent
deformation are said to exhibit plastic flow after

having reached their elastic limit.

Fracture. - The eventual loss of internal molec-
ular cohesion and the collapse of a body under stress
is termed fracture or rupture of materials. The body
will of course tend to fracture along one or more of
the stress planes set up within it. Materials which
exhibit plastic deformation before rupture are termed
ductile, while those which fracture below the elastic
limit are termed brittle (Lillie 1958: 8-83). Time
also plays a part in the determination of the force nec-
essary to cause rupture in materials, in that a force of
a given magnitude and rate of application which does not
initially cause rupture may do so after a period of time.
If plastic deformation occurs continuously, eventually a
body will fracture. Further, "no sudden application of
high stress is necessary to produce fracture (under

conditions of continuous plastic deformationﬂ" (Griges




1936:564), This should not be interpreted as stating
that plastic flow causes fracture, rather, it tends

to restrain fracture by absorbing some of the energy
which would otherwise go to fracture propagation

(Thomas 1961:185). The relationship here is that the
high stresses which cause plaétic flow may cause frac-
ture, but both plastic flow and fracture occur indepen-
dently in many cases. Figure lc illustrates the rela-
tionship between elasticity, plasticity and fracture

in ductile and brittle materials. Ductile materials

are seen to undergo plastic deformation before rupture
and immediately after their elastic limit has been
reached. In brittle materials, however, rupture or
fracture occurs immediately after the 1limit of elastic
deformation is reached, there being no plastic flow
involved. It should be noted that an extremely rapid
rate of force application to normally ductile materials
can produce a brittle fracture, that is, with no plastic
flow. In these cases, molecular cohesion of the mater-
igal is overcome by strain before plastic working has

had time %o develop. Short of this extreme, the general
statement may be made that the more rapid the application
of force, the more ductile or plastic the behaviour of

the material (Griggs 1936:576).
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In summary of force distribution in solids,
1t has been noted that when a solid medium has a
force (a push of specific magnitude and direction)
applied to it externally, a series of compressive
energy pulses termed waves move through the medium.
Internal forces thus set up cause the solid body to
be in a state of stress. The measure in which the
body is deformed by stress is called strain. Prin-
ciples of stress and strain have both been derived

by observing the elasticity of a body, its ability

to revert to original form when stress is removed.
Solid materials which are strained beyond their elas-
tic limit will do one of two things. Firstly, if

the medium is brittle, loss of internal molecular
cohesion will result in immediate fracture. Secondly,
if the material is ductile, it will yield in some
measure to permanent deformation, exhibiting plastic
flow. If stress and strain continue, materials under-

going plastic flow or deformation will eventually fracture.

Anisotropic Media
In anisotropic media, many physical properties
vary with the particular direction in which they are

observed. All materials, such as metals and most rocks,
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which are crystalline in structure are anisotropic.
Crystals are structured in planes, and physical prop-
erties (such as elasticity and cohegive strength) of
crystalline substances vary with the angle to these
planes at which measurement is taken. Most rocks

are heterogeneous in texture as they contain a variety
of minerals in different sizes and grain shapes (Hills
1963:78). Grenite and cuartz are examples of crys-
talline, anisotropic rocks. Plastic deformation in
crystalline solids takes place by deformation of one
part of a crystel slong crvstallographic planes,

termed slip-planes, formed by the original metamor—

phism of the rock (Hills 1963:287). Such planes are
really lines of least resistance and fracture also
Ttakes place along them. Cleavage is the term used in

structural geology to refer to lines of rupture formed

along slip-plenes in crystalline rocks. GCleavage in
rock deposits is ususlly seen as a series of parallel
lines running diagonally up the face of the rock forma-
tion. This anele is due to the fact that cleavage

lines occur approximately along planes of shear stress,
which (as indicated elsewhere) are found at a Tangent

to the direction of maeximum stress (gravity, in large
rock formations). Fracture, when occurring in crystall-

ographic plenes in anisotropic rocks, is termed cleavage
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fracture, and its direction and nature is virtually

beyond human control.

Isotropic Materials

Materials of this kind exhibit the same
physical properties regardless of the direction in
which they are measured. The concept of isotropy is
an ideal not fully realized by any material, although
closely approximated by glass.

Flint, or chalcedonite. - Exists in a crys-

talline state where silica impurities are distributed
throughout a matrix of crypto-crystalline quartz
(Witthoft n.d.: 3). Although a crystalline substance,
flint is composed of such tiny crystals that it be-
haves isotropically, not fracturing along major
cleavage lines on crystal slip-planes as do rocks
composed of large crystals. Quartzite also exhibits
isotropic properties for the same reason as does
flint,

Obgidian. - Geologically, obsidian is class-
ified as an igneous glassy rock (Frondel 1962: 319),
It is a natural silica glass formed by the rapid cool-
ing of viscous lava with a high silica content. The
chemical composition of obsidian is the same as that

of granite, but rapid cooling has prevented crystall-
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ization. Bulk nodules of obsidian are found mostly

in the upper portion of lava flows. Vhere synthetic
silica glass is colorless and transparent, impurities
such as iron oxide dust and crystallites of other
minerals, which have been included with the molten
lava, cause obsidian to be transluscent rather than
transparent and to take on various color hues.

Usually obsidian is black or dark grey (this is the
color of the El Inga material) and this color is
attributed to clusters of silica crystallites. Obsid-
ian is slightly herder than window glass, but acts in

a less brittle fashion (Bixby 1945:355). Although in

a vitreous or glassy state, the chemical composition

of obsidian is unstable and it undergoes a process of
devitrification through time. Atmospheric water is
taken in by the surface of obsidian pieces and a cortex
is formed by this hydration. This process is the basis
for a method of dating obsidian artifacts.

“he physical proverties of obsidian under
applied force are obviously most important to this
thesis, but I must heartily endorse the statement of
the structural geologist who has recently said: "as to

glassy rocks, no particular attention has been paid

in any field} to their mode of yielding or fracturing®
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(Hills 1963: 78). Such observations as will be made
upon the physical properties of obsidian are based
upon experiments with synthetic silica glass, which
exhibits physical prpperties nearly identical to
those of obsidian. These two glasses, the one natur-
al and the other synthetic, nearly approximate the
ideal state of isotropy, although tensile forces due
to cooling are present in both. The significance of
these tensile forces is thought to be small in the
case of bulk glass, being most observable as surface
tension, causing a directional variance of, for
example, strength of molecular cohesion at the sur-
face,

Conchoidal fracture. - This kind of fracture

is characteristic of isotropic bodies. In its etymol-

ogy, the term conchoidal denotes shell-like, drawing

attention to the homology between one half, for example,
of a bi-valve clam and a fracture resulting in a chip
or flake which is concave on the side attached to the
main body before fracture (Fig.2a). Frequent mention
is made in the literature of archeology, structural
geology and engineering of the characteristic conchoid-
al fracture of isotropic materials, but I have yet to

come across an explanation of this phenomenon. Recently
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I spent two days contacting people working with
solids in the Physics, Engineering and Geology
Departments of the University of Manitoba, but
obtained very little information about conchoidal
fracture.

Figure 2b represents my own attempt to
explain conchoidal fracture in logical accordance
with principles of stress, strain and wave propa-
gation previously outlined here. Experimenters in
flint working have noted that force applied to a
block of flint is transmitted throughout the body
of the block in a particular way (Leakey 1953: 29-
53). In fact, if a slab of flint is struck
sharply enough in the middle with a stone hammer,

a cone will be punched out the other side, much as

a cone is punched out of window glass hit by a stone.
This is a case of force being transmitted by shear
waves (Fig. le) in the form of an ever-increasing cyl-
inder, the resulting shear strain culminating in
conical fracture along the line of maximum shear
stress (see page 20 of this text). Figure 2b graphs
the trajectories of principal shearing stresses in

an elastic body, these trajectories having been
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recorded photographically in tests using a metal
punch on a celluloid plate. I have dotted the

shear trajectory line on the extreme right to des-
ignate it as the shearing stress trajectory along
which a flake might be detached from a core and

give the curved or parabolic cross section charac-
teristic of a conchoidal flake. The reasons for

the curving back of the shearing stress trajectories
are mathematically explicable (Nadai 1931: 251) and
relate to plastic working and shape of the body
being tested. I am, of course, completely incompe-
tent to deal with the mathematical procedures
involved, but would like to add that Nadai's entire
volume on plasticity relates to the problems which

i1 have encountered in attempting to deal with fracture
in isotropic materials. In the case of a core being
struck with a hammer near one edge, not in the centre
as was the celluloid plate of Figure 2b, the distri-
bution of shearing stress trajectories would not
likely be so symmetrical when graphed as it is in
Figure 2b. Nevertheless, it is still possible to
picture a curved shearing stress trajectory, near
the core edge struck, which would result in plastic
working and eventual fracture, detaching a conchoidal

flake.,
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Glass. - I have noted under a previous
heading that little if anything has been done in
the way of investigating the manner of fracture of
obsidian. Fortunately, a fair amount of relevant
experimental work has been done on synthetic glass,
the physical properties of which very closely
approximate those of obsidian. Although polymer-
ized and organic glasses do exist, the term glass
as I employ it refers to inorganic glasses, which
might be called the common household varieties.

Glass may be defined as: "An inorganic
product of fusion which has cooled to a rigid
condition without crystallizing" (Lillie 1958: 83,
Part 8). Rather than being crystalline, glass

is structured by bonds between atoms which form a

random network of atomic structure. In this

respect, glass possesses the same quality as a

liquid, as it also does with regard to transparency.

As previously noted, the dividing line between the

ideal solid and the ideal liquid is unclear, espec-
ially in the case of isotropic media.

Glass has been traditionally considered a

brittle substance, but, recently, convincing evidence
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has been produced of plastic flow in glass (Marsh
1964: 33-35): (1) plastic furrows and impressions
may be produced on glass surfaces by a diamond
point, (2) mathematical calculations of other
physical properties of glass have been seen to be
highly erroneous when they do not treat glass as a
plastic substance.

In the random atomic structure of glass,
some atoms bridge the molecules of the substance,
and other similar atoms are left more or less at
"loose-ends" (Marsh 1964: 41) in the structure.
Plastic flow is thought to occur by displacement of
these loose and non-bridging atoms. Water, either
from the atmosphere or already present in the chem-
ical composition of glass, creates more non-bridging
atoms. The more water present in a glass, then, the
more plastic its behaviour under force application.

Fracture of Glass. - The nature of glass

fracture has received considerable attention by the
synthetic glass industry. In isotropic bodies, force
is transmitted internally by two kinds of waves: (1)
longitudinal, (2) transverse or shear. These two

are transmitted in planes which might correspond to
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strain and subsequent fracture lines. As stated
elsewhere, longitudinal waves seldom cause
fracture, their force usually being absorbed in
the bulk of the body undergoing force application.
Glass fracture inveolves, unfortunately, more than
a simple process of straight line fracture, or of
conchoidal fracture, along a line of shear stress.

For some time researchers in glass industry
had noticed that glass fractures under pressures
which are only a fraction of those pressures calcul-
ated mathematically to be required to produce rupture.
Recent publications on glass research point to the
existence of microscopic and submicroscopic flaws in
glass to explain this discrepancy in observed and cal-
culated strength (Bowden and Field 1964: 335-341). In
addition to these kinds of body waves mentioned above
as occurring in isotropic media, there is another sur-
face wave, the Rayleigh wave (Bowden and Field 1964:
336-337), which radiates out from a point of external
force application on a glass surface. Tiny flaws on
the surface already possess stress concentrations
around them, and the energy of the surface pulse or
wave will initiate fracture at the first flaw of suffic-

ient size. The fracture, or fissure, begins from the
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surface and proceeds for some distance perpendicular
to it, then changing direction to a tangent from the
surface (Stanworth 1950:66-67). I would intervret
this as fracture propagating along the trajectory of
maximum shear stress and strain. Should fracture

be initiated by pressing a spherical object upon a
glass surface, a number of such cracks will be propa—
geted (from flaws) around the circumference of the

S

sphere and will push out a cone-shaped piece of glass
if the glass is a2 relatively thin plate (Fig. 3a).
Hote that the thinner the glass body, the grester the
angle of shear fracture to the direction of applied
force.

A number of sources on glass research have
indicated that force applied rapidly, as by a small
explosion, to a glass surface causes a typical frac-
ture (Fig. 3b) which differs from that produced by
slowly applied pressure. The lines radiating from
the apex of the cone in this figure are grooved lines,
whose presence has not been explained by those re-
searchers observing them (Mackenzie 1962:114-149),

They are, in any event, associated with fractures

caused by a rapid initial pulse. This kind of



fracture is termed forked or "branching!" (Mackenzie
1962:145-1046), When the velocity of the crack
initiating at a surface flaw reaches & maxinum (the
maximum being 0.6 the velocity of the shear wave)
with rapidity, beczuse of a rapid initial force
applicetion, the stress field will change and the
crack will fork to follow this new distribution of
stresses. Wote also the distribution of fracture
lines around the initial fracture crack just under
the surface of the glass.

Concentric "rib" or "ripple marks' (Stanworth
1950:72~73) often appear on a glass fracture surface
( i
1

ook like waves on water (Fig. 3d), and indeed they

=

"ig. 3¢). Seen in cross-section, the rivple marks

are the results of wave propagation and plastic flow.
When the glass body is initially subjected to com-

pressive force, whether by slow pressure or impact, a

periodic transverse pulse is sent out (the shear wave).

Once particles have been set in motion, the body's
guslities of elastic rebound and particle interaction
is enough to send out a series of pulses gradually
dying out through friction. However, coupled with

this is the fact that, upon rebounding elastically

X
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from the initial extermal pulse, the surface
particles again come in contact with the object
wnich caused this initial pulse and a new set of
pulses is sent out, superimposed as it were, on

the former. At times the pesaks of the waves itrans-
mitting both sets of pulses will reinforce each
other, causing the configuration of Figure 3d to
occur where the glass has flowed plastically =long
the strain lines. The more rapid the application
of the initiel pulse or force, the more rapid the
elastic oscillation of particles in the glass and
therefore the higher the wave freguency. We may
expect then to see more numerous and closely spaced
ripple marks from a rapidly applied force than from
one applied more slowly, snd such is the case (Stan-
worth 1950:72).

Because ripple marks do not always appear on
fracture surfaces, one concludes that fracture is not
always preceded by plastic working along the strain
line. It would appear that the maximum velocity of
crack propagation in glass must be reached in order
for plastic working to occur (Mackenzie 1962:141).

As Tthe ghear wave velocity and crack propagation slow
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down towards the end of a fracture, then it would be
expected that ripple marks would disappear, as plastic
flow has ceased or nearly so. Such is observably the
case (Stanworth 1950: 70-73).

Note has been made in the literature on glass
research, that the particular form taken by glass
fracture and fracture surfaces relates to the shape
and composition of the object by which force is
applied (Bowden and Field 1964: 331), but I have seen
no details spelled out in print in this regard. It
seems clear that a more rigid and elastic force appli-
cator, such as rock, would cause pulses of higher
frequency to be sent out than would a softer, less
elastic material such as wood or bone, because in re-
bounding back against stone after being initially
struck, the glass encounters a more rigid body with
more rapid elastic rebound (sending out a secondary

pulse) than it would if bone were the hammer.

Stone Technology (Minor Objective 2)

Bibliography. - In the course of research

for this thesis, I have accumulated on file cards
a list of references of general and specific publi-

cations on techniques of working stone. Many of
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these have been or will be cited in this text.
Those references which are not to be cited,

many of which I have read snd a number of which

I have not, will be included with pertinent cited
literature in a section at the end of this text

and entitled "A General Bibliography on Stone

Choice of Stone Materials. - Throughout

the Paleolithic in the 01d World and the Lithic
stage of vechnological development in the New
World, stone technology was limited to the use of
initially, percussion and, later, pressure flaking
(Willey and Phillips 1958:79-103). Because of

the uncontrollable fracturing of granular rock
along cleavage lines, only those lithic materials
of isotropic structure and, therefore, those exhib-
iting conchoidal fracture were suitable for the
manufacture of artifacts by vercussion and pressure.
Obsidian and flint exhibit conchoidal fracture in
a high degree, and have always been highly valued
by 0ld and New World stone workers, often being
transported cver long distances from their natural
sources as items of trade. Silicated fine grained

minerals such as cuartzite and petrified wood often
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fracture in an excellent conchoidal fashion and
were also held in high esteem. There is no doubt
that obsidian is the most controllable medium of
2ll (Bixby 1945:355),

One might not be too far out of line to
view the history of the development of stone tools
in the 01d World Paleolithic and the New World
Lithic es the development, through transmission of
technological experience from esch generation to
the succeeding, of man's ability to control con-
choidal fracture.

Implements and Products of Stone Technology. -

I am limiting discussion here, and throughout this
text, to technigues of percussion and pressure flak-
ing. Other ways of working stone, later in time in

L

both the 01d and Vew Worlds, are not pertinent to
an analysis of the Zcuadorian artifacts with which
I shall presently deal. It will be necessary here
to refer to kinds of artifacts such as cores and
flakes which will be dealt with in detail subsequent-
ly.

The basic tool of direct percussion, where

flakes are struck off directly from a block or core,



- 39 -

is the hammerstone. Ideal hammerstones are medium
density pebbles, such as sandstone, which are
smoothly waterworn and slightly pointed at one end.
The round point enables the stone worker to hit =
given point on the core with relative precision.

An intermediary punch is a roundly pointed

column of antler or wood used in the indirect ner-

cussion technique of striking off flakes from a core.

3]

i firmly against the

]

The rounded point punch is place
face of a core, and the other end hit with a stone
hemmer.

The gnvil or rest is a flat piece of bone,
entler or wood upon which a stone object to be
worked is placed for support.

A column, usually of antler or wood, used in

lace of a stone hammer in striking off flakes by

3

direct percussion is termed a baton. The baton was
also used by some stone workers for secondary flak-
ing of artifacts whose shape had been previously
roughed out by a stone hammer.

Used to press primary flakes off a core, the

pressure flaker is a column of bone, wood or antler

sharpened to a point at one end (or such az point
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hafted in a wood handle), the point being set near
one edge of a core face and a flake pushed off by
impulsive pressure. When used in secondary pressure
retouching of a Primary flake, the pressure flaker
is a smaller version of the above, or perhaps a
specially modified stone flake (Semenov 1964: 48).
Implements of percussion work such as pro-
tective leather hand pads may be inferred from
ethnographic parallels as likely to have existed
in the material inventory of cultures known only
archeologically, but they remain solely an inference,

Primary Flske, - Such flakes are struck or

pressed off a core with the intention of further
modifying them by secondary percussion or pressure
techniques (Bordaz 1959) for use as a specialized
tool, or they might be employed just as struck off
when they possess a sharp cutting edge. The term
primary flake is used here to refer to flakes struck
off for intended use as a tool, and does not refer

to flakes struck or pressed off cores in the process
of manufacturing a core tool, such as those well
known in the earlier stages of the 0ld World Paleo-
lithic (Bordaz 1959: 36-45). Figure 2a illustrates

the general characteristics of g conchoidal flake,



- 41 -

such as results from the fracture of flint or

obsidian. The bulb of force is so termed, rather

than bulb of percussion, because this phenomenon
also results from pressure flaking.

In discussing the transmission of force in
isotropic solids, it was noted that application of
force to a point or particle on the surface resulted
in the transmission, by periodic pulses, of particle
motion in the form of a longitudinal wave parallel to
the direction of propagation and a shear wave tan-
gential to it. Of course, when force is applied to a
core by a hammerstone, pressure flaker or punch, more
than one surface particle is involved. From the total
surface contacted by the implement, a compression wave
ig sent out as a partial sphere diminishing rapidly as
it leaves the surface. This is the same kind of longi-
tudinal wave as a sound wave. At the same time, a sur-
face wave bravelling across the surface of the core where
force has been applied, initiates a downward crack propa-
gation from a surface flaw (pre-existing or caused by
hammer crushing) of suitable size. The crack or
fracture encounters the stress line (Fig. ha, Point a)
produced by the circumference of the spherical wave,

follows this circumference down and around until it



encounters the trajectory of shear stress, at FPoint b.
From this point, the fracture changes direction along
shear stress and strain line bc, and plastic working
may precede the tip of the fracture crack. If plas-
tic flow does occur (depending upon the rapidity of
force application), then ripple marks representing
the passage of shear waves will be seen along be,
which will be conchoidal (Fig. 2b). The arc sb rep-
resents the bulb of force of the flake which will
rarely if ever represent a portion of a true geo-
metrical sphere, as the actual wave propagation in
any one insbtance will relate to the magnitude and
direction of the force vector, as well as the size,
shape and density of the medium. The seguence of
events presented in this paragresph comprise my own
speculations on fracture in isotropic materials,

and; therefores no sources have been guoted. However,

he individuzl events (crack propagation from surface
E Pae

<t

flawg, plastic working and so on) have been attested
previously in this text.
Once struck or pressed off a core, primary

flakes may be subjected to secondary percussion or

usually pressure flaeking, either to produce a sharper
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edge or to modify their shape to that of a special-
ized tool, such as a projectile point, or a burin.

When a special shape of flake is desired, the core

from which it is struck or pressed off must be pre-
pared accordingly.

The Core. — When a naturel nodule or lump

of stone suitable for working is availsble, it must
be first split in order that it present a flat sur-
face suitable for pressure or percussion flaking.
The technique of splitting such nodules has been pre-
sented by several experimenters, notably L. S. B.
eakey (1953:32-34). In flint and obsidian, the
cortex or outer dehydrated (or perhaps hydrated in
the case of obsidian) laver must be struck off with
a hammersbtone. Smaller nodules may not be split,
but a large flake may be struck off to expose a
flat surface. This flat surface is termed the

striking platform of the core, as is that portion

of the surface which remains above the bulb on a
detached flake. Striking platforms may be prepared,
that is, roughened by abrasion or 1lightly flaked
around the edge by percussion or pressure, in order
to give the pressure flaker or intermediary punch a

better purchase on the face of the core.
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Most cores are modified in some way or
other before flakes intended as tools are struck
off. The term prepared, however, refers to a core
intentionally shaped so as to yield a flake of a
certain general shape and size. Prepared cores may
be globular, where flakes have been detached all
around in no preferred direction, or pyramidal,
where the striking platform is the pyramid base, or
cylindrical, with flakes sometimes detached from
both ends, or hemispherical, or a combination of
these shapes. All these core shapes are seen in
the New World. In the 0ld World Paleolithic,
these, plus highly specialized core shapes, are
seen (Warshall n.d.: 5-8).

All cores must be somewhat rounded or con-
tracted towards the bottom. Should a core be, for
example, a straight-sided cylinder, not rounded at
the bottom, the cone of force transmitted downwards
from a force applied to the striking or pressure
platform will be squarely opposed by another trans-
mitted upwards by pressure of the anvil against the
core bottom, and shattering of the core will be a
frequent result. Short of core shatter, the overall

shape of the flake detached would not be controllable.,
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Rounding or tapering the bottom end of a core would
therefore prevent this square-on confrontation of
opposed force cones, and allow the shear stress and
fracture line to proceed further down the side of
the core, resulting in a longer flake.

It was noted in a previous section (Fig. 3a)
that shear angle in a glass body in relation to the
direction of the force vector extended into the medium
(as a longitudinal wave) decreases as the ratio of
body thickness (length) to width increases. There-
fore, the longer a core (where an isotropic medium)
is in proportion to its width, the proportionately
longer a flake will be detached (Fig. 4b). This
statement holds for cores which are of the same
general shape - cylindrical or conical, for example.
The differences in the network of stress trajectories
between cores of basically different shape (such as
hemispherical and cylindrical) would be such that a
comparison of length-width ratios would be meaning-
less.

Humps and hollows on the side or face of a
core will affect the shape of the flake detached.
The flake will widen around excess material on the

core face and will constrict at depressions



(Crabtree 1966:18-19).

The Blade. - Characteristic of the Upper
Paleolithic in the 01d World and widely known in
the New World is g special kind of core preparation
and a systematic flaking technique which results
in the production of = long, thin flake with roughly

parallel sides, known as a prismatic blade (Fig. 5a).

John Witthoft (n.d.:10) has outlined the character-
igtics of the blade in the followin ng fashion:

\ blade tnoreLore, is a prism, or prismoid
of Lant Lor obsidian] , of trapezoidsl cross-—
section (sometimes trianguler cross-section be-
cause the blade from each ordinary core includes
a few irregular examples), fairly massive and
thjck, rather than sheetlike, derived from a fac—
eted core, which may be CV11ndr10°l oval, a
truncated DjfdMlO or a gegment of any of these
forms. Rarely, a blade was used as a bool with-
out further rmodificetion, but most of them were
ohloped [percussion or pressure flaked] along

the edges, particularly on the dorsal or convex
face, to mske more specialized tools...Another
important thing about blades is uhat uhey cener—
ally meke up a whole industry or set of tools,
being modified into several different types of
tools in every complex where they are found.

This is not generally true of the small deriva-

tives which I call bladeletSe....
I shall return to this concept of a bladelet in a

moment, wishing to say a little more about blades
firest,
The advanta of this technique, blade

nenufecture, are msny. Because blades flske off with

& relatively thin section and low edge angle, they
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immediately present two very sharp and efficient

¢
ting edges without secondary working (Semenov
1964:201-202). The characteristic symmetry of the
blade made possible an incressed use of tools where
symuetry has an obvious advantage, such as projectile
points and drills. TFlakes produced by technioues
other than prismatic blade production, were too thick
to be easily modified dinto an efficient projectile
point, being both too thick to penetrate animal hide
and flesh effectively, and not carrying through the
air as well as the thinner, symmetrical blade

(Bordaz 1959:46), The blade was also eminently
suitable for modification, by striking off a trans-
verse flske at one end, as a burin (Fiz. 5b) or
chisel enabling extensive working in bone and antler
not possible without this kind of tool. The manu-
facture of blade tools is very conservative of
materigl, 1t having been estimated that a two pound
flint core would yield twenty-five yards of cutting
edge when worked by blade manufacture, compared to
four inches of cutting edge had the core been modified
by percussion as a biface of the early Paleolithic
kind (Bordaz 1959:48).

Obviously, if blade toolg are to be held in
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the hand for working, the two sharp edges will be

troublesome. One edge of the blade may be blunted

to overcome this problem, resulting in a backed blade,

or the blade may be mounted in a wood or bone handle.
Hafting the blade not only makes it more comfortable
to hold, but also more efficient as a tool in that
more leverage may be applied in its use. The arc
seen in the longitudinal profile of a blade and which
is caused by conchoidsl fracture, nust be worked away
at both ends if the blade is to function as a Tool
such as a projectile point which must be symmeitrical
both in face view and in longitudinal cross—section.

The blade industry i1s seen in the New World
at a time period corresponding to the latlter part of
the Upper Paleolithic in the 01ld World. What pro-
cesses of diffusion might have taken place here and
wnether the blade industry is an independent invention
in both areas are fascinating cuestions unanswerable
in the light of present archeological knowledge. It
would seem that in both the 01ld and New Worlds, the
miniature version of the blade industry resuliting in
the bladelets mentioned in the above guotation by

Witthoft, are later in time and developed out of the
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blade industry (Witthoft n.d.:11).

The term microblade is frequently used in

archeological literature %o denote the same concep?d

as does bladelet. Microblade refers to a partic-—

ularly diminutive form of bladelet, known best from
Tthe Northwest and Arctic regions of North America.
Bladelets are something more than Just a smaller
version of the larger blade industry, however. Ais
seen in the 0ld end New Worlds, bladelets were
struck or pressed off their small faceted cores

most often for use as 2 small knife without being
modified as various types of specislized tools
(Witthoft ned.:11)., This general statement doeg

not exclude collections where bladelets are seen to
be frequently retouched by pressure flaking, for
vurposes of hafting or producing a special kind of
edge. The Tl Inga collection is such, as will later
be more fully indicated. In North America, the two
major regions of bladelet manufacture have been the
Valley of Mexico and the Arctic (Swartz 1960:405),
The Hopewell culture has also exhibited a bladelet
industry (Witthoft n.d.:21). The difference in size

and function between the blade and the bladelet is
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usually dealt with, by archeologists concerned, as
a reflection of a relative change in aveilable
anounts of particular environmental food resources.

Obviously, the amount of technologicsal
control necessary to prepare a core and flake off a
bladelet of relatively tiny proportions is very
great, and 2 very good flint or obsidian would be =
prereguisite.

In summery of this section on stone technol-~
ogy, I have noted that prehistoric stone technol-
oglsts in the 01d and Few Worlds showed a narked
preference for lithic materials of an isotrovpic
nature, such as obsidian and flint, because the
direction of fracture and the resultant shaping of
artifacts is most controllable in these nmaterials.
The nature and purpose of the major implements of
stone technology (the hammerstone, intermediary
punch, anvil, baton, and pressure flaker) have been
described in order that later reference in this text
to techniques of direct percussion, indirect per-
cussion and pressure flaking will be clarified. I
have also dealt in a general way with artifactuel

results of manufacturing ftechnicues: Tthe primary



- 51 -

flake, the core and the blade. Attempts were made
to indicate the various forms and varieties in which
these materials have been seen in the archeological
record of the Old and New Worlds. These particular
kinds of artifacts have been dealt with here in a
general way because they are concepts central to the
discussion of material handled in the analysis,
later presented in this text, namely, portions of

the E1l Inga collection,

Experimental Results (Minor Objective 3)

Enough people have experimented in the
working of lithic material, particularly flint and
obsidian, that a body of data is at hand sufficient
for one to indicate some results, in terms of formal
attributes of artifacts, that are observably cor-
related with specific kinds of techniques.

To begin, it is common knowledge in archeol-
ogy that flint which has been exposed to weathering
and lost much of its moisture content is brittle and
hard to work. I have noted elsewhere (page 31 of this
text) why glasses are more plastic (less brittle) the
more water they hold in compound, and supposedly the

same may be said for flint for homologous reasons. It




- 52 -

has been noted that dried out lithic materials may

be improved in suitability for working (but never

completely recover their plastic properties) by bury-

ing them in damp earth for a period of time (Semenov

1964: 57). Actually, under at all favourable clim-

atic conditions, obsidian tends to take on water in

a surface layer of hydration, rather than dehydrating.
it is very important to note with respect to

what is to follow immediately, that observations on

the relationship of technique to formal attribute

hold constant factors of core shape, size and mater-

ial (unless otherwise stated) when comparisons are
being made. For example, a statement such as "resolved
flaking produces a straighter flake than does flat
flaking", assumes that the shape and material of

core are constants.

Free, Flat and Resolved Flaking. - John

Witthoft has distinguished these three kinds of
flaking, the criterion for each being the angle

which the direction of applied force makes with the
platform of the core, referring here to the angle

on the core side and not the detached flake side of
the force vector (Witthoft n.d.: 8-9). In free flaking
(Fig.6a) the force vector meets the platform at an

acute angle (less than 90°), while flat flaking is said
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to occur when the angle is ninety degrees (Fig. 6¢c).
In resolved flaking (Fig. 6b) the angle of force
vector to core platform is obtuse, and the force is
directed inwards to the core body. It must be noted
here that Witthoft is dealing with flint and obsidian
cores flaked by direct percussion with =z stone hammer.
I shall attempt to draw up a list of characteristics
of flake morphology which Witthoft associates with
each technigue, and to explain the association between
attribute and technigue. Such explanations as are
phrased in terme of the principles of force trans-—
migsion already outlined in this text sre not the
responsibility of authors cited, and thelr defense is

my responsibility alone.

According to Witthoft, in Iree Fflaking, formal

attributes resulting are:

1) Wedge shaped flake, thickest at bulb end.

2)  Relatively short flake.
Witthoft notes that the longitudinal section of this
kind of flske is nearly the same angle as that between
the force vector and the core platform (Iig. 6a).
Although Witthoft makes no mention of the fact, it

ought to be clear that the angle bhetween the flake
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platform and the inner face of the flake will vary
from that subtended by the core platform and the
force vector with the absolute size and shape of the
core, due to particular stress trajectories occasioned
by each.
Attributes seen by Witthoft to result from

resolved flaking are:

1) Cross section with bulb end narrower than
distal end of flake,

2) Large (prominent) bulb of force.

3) Flake is relatively straight rather than
arched or curved.

L) Strong concentric ripples.
I shall attempt to explain these above attributes.

The stress trajectory afforded by the

shear waves accounts for the typical cross-section
of a resolved flake (Fig.6b). The prominence of the
bulb of force results from a combination of: (1) the
angle of coincidence of the downward propagating sur-
face crack and the spheroid compressional pulse trans-
mitted in the direction of the force vector (Fig.6b),
(2) the large magnitude of force necessary to trans-

mit the shear wave pulse into the body of the core
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along the line where fracture will occur.

The relative straightness of the resolved
flake would likely be due to the particular pattern
of shearing stress trajectories set up in the body
of the core due to the angle of incidence of the force
vector. A Tull explanation here would, agein, in-
volve mathematical treatment, and I am not able to
make other than the above casual comment on stress
trajectories,

The strong and closely spaced concentric
ripples seen on a resolved flake are another result
of 2 rapid, rather heavy blow (necessary in resolved
flske production, for reasons indicated above) which
sends out a strong pulse of great frequency. The
stone material composing the hemmer also aids in pro-
ducing a high frecuency wave, as mentioned in a
previous section.

0f course, particular core shape will affect
21l of these above attributes, and Witthoft notes
(n.d.:15) thet resolved flakes (blades, in this case)

at the Shoop site (Pennsylvania) were drewn from poly-

[

1edral, pyremidal cores with the pyramid apex used

s the striking pletform. The flat sides of a core

&)

epared this way would also contribute to the flatness

"3
=
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of a flgke struck from it. In my opinion, only
resolved flakes could be struck in any number Ifrom
a core so prepared becsuse of the cross-section of
the resolved flake. This does not mean, however,
that resolved filakes might not be struck from cores
otherwise prepared.

Plat flsking, says Witthoft, produces the

o

following formel attributes in a fleke:

1) Tong fleke (often as long as the core).
2) Parasllel edges.

3) Relatively constant cross-section, tapered
from bulb end to distal.

L) More curvate than resolved flakes.

5) Ripples less numerous and pronounced than
resolved flake.

6) Bulb of force less pronounced than resolved
flake.

The immediately striking thing about this
description of a flat flagke is its similarity in
several respects to the description of a blade or
bladelet, and it is undoubtedly flat flaking which
was employed in their manufacture (Witthoft N.d.:8).

In attempting to account for the above

attributes as follows, I must once again fall back on
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a general reference to particular distribution of
shearing stress trajectories due to the ninety
degree sngle of force vector incidence in flat flak-
ing to explain the "long" attribute of the flat flake.
With a carefully prepared core, the edges of the flake

would be parallel because the line of fracture is rel-

atively perpendicular to the platform, and the edges

G

would not diverge as with a thickening resolved flake,

{93

nor converge, as with the sharply tapering cross-section

0]

of a free flake. The cross—section of The flake will
narrow particularly to the end detached from the lower
portion of the core, because it is here that the core
itself ig rounded or tapered to prevent opposition of
force cones and resultant shatter. Ripples are less
numerous and pronounced than seen in resolved flakes
hecause the force necessary to cause fracture is less
where the shear stress trajectory does not enter so
deeply into the body of the core. Because the per-
cussion blow is not so hard and rapid as it is for

a resolved flake, plastic working or flow is not S0
advanced and the freguency of the maximum shear wave
causing fracture is not so high in flat flaking;
therefore less rippling 1s seen.

The lesser pronouncement of the bulb of force
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once more relates to two things: (1) the less heavy
and rapid epplication of force, (2) the angle of co-
incidence of the surface crack with the compressive
spheroid longitudinal wave front (Fig. 6c).

The platforms on all three kinds of flakes
will be much bruised from the impact of the stone
hammer (Witthoft n.d.:9).

Looking at the engle subtended by the
striking (or pressure) platform of a flake and the
side of the core as now represented on the outer

Il o $

side of the flake, one can, together with observing
the flake, make a reasonably accurate estimate of

the shape of the core from which the flgke was
derived (Fig. 7). Clues as to which of the three
techniques of flaking (flat, resolved and free) above
delineated was employed in the manufacture of a part-
icular flake have been presented above, and an exan-
ination of these, in conjunction with the estimate of
core shape and preparation, ought to give a fairly
reliable picture of technicues leading up to the
final production of a given flake.

other experimenters in stone

l._b

A number 0

technology have made obgervations upon formal
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attributes of flakes which correlate with specific

techniques of manufacture. I shall list various

techniques and observations made by these people, and

shall attempt my own explanation of the physical prin-

ciples behind observed attributes.

Indirect Percussion. - The detaching of a

flake from a core by means of striking an intermediary

punch with a stone hammer leaves characteristic traits

on the flake produced:

1)

2)

3)

)
5)
6)

Small butt or platform remnant (Bordaz 1959:
L8; Jelinek 1964: 5-6).

Pronounced bulb of force (Bordaz 1959: 48),
less so than with direct percussion (Jelinek
1964: 5).

Grooved shatter lines (also seen in direct
percussion). No source here, but seems likely
that presence on flake is due to percussion
(see page 33 of this text).

Frequent small ripples (Jelinek 196L: 5-6).
Curved in longitudinal cross-section.

Bulbar scar (s) (Jelinek 1964: 6).

Figure 8a represents the above characteristics

on a flake derived by indirect percussion., I shall
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attempt below to explain the association of these
attributes with indirect percussion.

With an intermediary punch, the initial aresz
of contact with the core platform is much smaller
than is the case with direct hammerstone or even baton
percussion. The core volume encompassed by the maxi-
mum shear wave is thus initially of smaller dimension,
and when fracture occurs the platform remaining on
the detached flake is smaller than in direct percussion.
This sort of pyramidal or pointed (MacNeish n.d.: 21)
platform is a perfect example of shear fracture. By
"pyramidal®™ I mean that the bulb end of the flake
tapers to an apex which is the platform remnant (Fig.8a).

I would like to further note that the platform

preparation (abrasion or flaking) often done to give
the intermediary punch a better purchase on the plat-
form would cause the platform area immediately around
the point of force application to be heavily flawed,
thus allowing for easy fracture or shattering of the
platform according to principles previously outlined.
Of course, on a flake where the platform has shattered
and disappeared, it is not possible to determine whether
or not it had been prepared. It would be very inter-

esting (particularly with regard to obsidian), in
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controlled experiment, to note whether or notv
prepared platforms do shatter more readily than
unprepared. At least, in a collection of flakes
manufactured by indirect percussion, of those
flekes with a large amount of platform remaining,
there ought to be considersbly more with unprepared
than prepared platlorns.

While the indirect percussion technigue
would bring about the same kind of spheroid com-
pression (Pig. 4a) by longitudinal wave action (the
hesig for the bulb of force) seen to occur under all
kinds of force application to isotropic media, one
would expect the bulb to be smaller then that pro-
duced by direct percussion, as the spheroid wave
is radieting out from a smaller area of force appli-
cation when a punch is the applicator than when a
hammerstone is employed.

If an entler or bone punch is used, this
medium is less dense and rigidly elastic than is the
stone hammer with which the punch is struck, and
pulse transmitted from the hammer through thé punch
should be less rapid at the contact with the core

then it would be if the stone hammer slone were




- 62 -

applied with a force of the same velocity directly
to the core. However, in all likelihood (I have no
archeological references to cite here) the hemmer—
stone would be applied, by a knowledgeable stone
worker, with more force to a punch than directly to
a core platform, as the greater surface contact ares
of the direct percussion technique requires less
force to produce fracture than would be reguired to
produce the same fracture (i.e., detach the saume
flake) where force is applied to a smaller ares
(Stanworth 1950:67). One may, then, only say gener-
ally that at a given point on the inner surface of

a flake, ripple marks produced by a direct hammer-

stone (or baton) blow ought to be wider in arc than
if they had been produced by indirect percussion, as
they originated from a larger surface of contact,
where more surface particles are activated as a wave
front. I do not believe that I can maeke any state-
ment as to frequency of ripples (how closely spaced
they are) exhibited by direct as opposed to indirect
percussion technigques, but observation in practical
experiment might easily deternine this.

Grooved shatter lines were seen previously
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{page 33 of this text) in this text as resulting
from violent or percussive fracturing. It has been
suggested that these grooves represent escarpments
between different planes of the same fracture moving
in one direction (Stanworth 1950:73; Mackenzie 1962:
126} and the one microphotograph which I have seen
(Laboratory of Anthropology, University of Manitoba)
of this phenomenon appears to substantiate this idea.

Bulbar scars are D-shaped flake scars which

originate from a grooved shatterline (Fig.2a), per-
haps where this shatter mark has encountered, in the
course of its development, an internal flaw of some
nature (such as an air bubble) in the core material.
Stress could already be present around this flaw,
and when encountered by the developing shatter line,
a fracture would radiate out from the flaw. Perhaps
the exclusive occurrence of scars on bulbs has to

do with the change in direction of fracture which
takes place at that locus on the flake. Apparently
only percussion techniques provide sufficient stress
(or sufficiently rapidly applied stress) to cause
bulbar scars, as they are not seen to occur on flakes

detached by pressure, insofar as I may judge by the
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sources wnich I have emploved.

ol

t is interesting to note that when Jelinek
was watching Francois Bordes detach flskes from an
obsidian core by indirect percussion he noted: "The
more the punch is tilted hack from the edge of the
core, the larger the bulb at the top of the blade.
The more vertical the punch is held with respect to
the striking platform, the smaller the bulb"
(Jelinek 1964:6). This observetion substantictes
Witthoft's remarks, previously dealt with, on the
bulbs resulting from free and flat Tleking.

e

One might consistently detach thinner flskes

rect rather than direct percussion techniques

by ind:

!

because of the relative ease of applying force to =
chosen point by the former technicue. dJelinek makes
the observation (Jelinek 1964:8) that thinner flakes
produced by indirect percussion are more strongly
rippled than thicker flakes produced by the same
technique. I would attribute this to the shear wave
(causing eventusl fracture) having to pass through
less dengity of material where a thin flake is being
-

struck off, and therefore being able to cause more

plestic working of material immediately prior to
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fracture csused by the propagation of a crack.

Some kind of dncreased interference from waves
reflected from the core boundary (which is obvious-
1y closer to the strain and fracture line in a thin
flake than a thick one from the ssme core) is un-
doubtedly involved here too, in a way precisely

unknown. Crabtree notes (1966:12) that the inter-

ot

mediary punch must be pressed firmly with the hand
holding it on to the core platform as Tthe hammer
blow is delivered to it, or a very pronounced bulb
and severe rippling will occur. A blow of indirect
percussion with a loosely held punch night result in
a flake which looks as if it had been struck off by
direct percussion, particularly if the platform

does not remain. (This latter thought is mine and
is no responsibility of Crabtree's).

It is further conceivable that where too much
force is applied in indirect (or direct) percussion,
not only will the vlatform completely shatter, but
the blade might snap off cleanly, somewhere along its
length, at right angles to the direction of the force
vector, due to lateral tensile stresses (Bowden and

Field 1964:336). With slow epplication of force, as
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by pressure, these stresses would have time %o
redistribute themselves and this kind of trans-
verse fracture would be more likely avoided.

small cores, such as those from which
bladelets are struck, lack inertis due to their
small weight snd mass, and would recguire firm
support for indirect percussion (Crabtree 1966:17).
An anvil would be recuired, then, of antler, bone,
wood or any "semi-vielding' (Crabtree 1966:17)
materisl (possibly even packed earth) which would

not

deliver a bounce, or rebound blow from beneath
and shatter the core or cause the flake to come off
short (Semenov 1964:42). Stone is generally too
rigid to serve as .an snvil. It has been noted that
when detaching primary flakes from a core, flaking
control is maximized when the platform of the core

is parallel to the senvil, or very nearly so (I
clearly recall this being in print, but cannot locate
the source).

Direct Percusgion. -~ A flake detached by this

stone hammer technigque bears the following traits:
1) Very pronounced bulb of force. (Bordaz 1959:40)

2) Strong rippling. (Bordaz 1959:42)
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3) Frequent bulbar scars. {I have no source to
guote here, but I have noted numerous scars
on large obsidian flakes from other collec-
tions, where the great size of the flake
indicated it could only have been struck off
by a heavy, direct blow).

Ly Grooved shatter lines. (my own inference once
again as under Indirect Percussion)

5) Relatively thick flake. (Bordaz 1959:42)

6) Curved in longitudinal cross-section (Semenov
196L:46)

Direct percussion with a wooden or antler

billet or baton (differences in flekes obtained by
implements of different materials is obscure) results
in the following traits in a flake which are differ-
ent from those produced by a stone hammers:

1) Vore flattened bulb. (Jelinek 1964:1)

2) Thinner bhlade. (Bordaz 1959:42)

3) Overhanging 1ip‘on platform. (Jelinek 1964:2).

I believe the presence of the flake attrib-

utes listed above as accompanying production by
direct hammerstone percussion are explicable in

terms of that portion of the above text explaining
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he correlation between indirect percussion and
formal flake attributes. The relative thickness
of these flakes is attributable to the necessity
of striking the core platform with the hammerstone
well back from the edge to prevent complete crush-~
ing of the edge. The shape of a hammerstone, of
course, makes it impossible to hit a chosen point
near the edge with accurracy.

I would hypothesize that the flatter bulb
of antler billet percussion is likely due to the
shape of the billet producing a spheroid wave

e

together

m
Q

(Fig. 4a) of initial larger radius. Thi

G

4

with the less compressive nature of the wave due %o
the relative lack of rigidity and elasticity of the
antler materigl, cause the bulb to be more diffuse
and not as salient as that produced by hammerstone
percussion,

The comparative thinness of flskes detached
Py an entler billet derives from the fact that, by
virtue of its shape, the billet cannot strike the
core anywhere but right at, or immediately adjacent
to, the edge of the core platform.

delinek noted that in the striking off of



- 69 -

blades directly from en obsidian core, the antler
baton produced a lip or overhang at the edge of a2
flake platform (Pig. 8b). This 1lip was absent in
flakes detached directly by hammerstone percussion.
I believe this attribute (presence of 1lin) relates
to the kind of fracture seen previously in this text

to be exhibited by glass when subjected to violent

J

or percussive forces application (Fig. 3b), and have

Q

-

attempted to illusirate this parallel in Pigure &b,
The 1ip would be formed by the initial small ovoid
fracture (beginning at a surface flaw) seen in Figure
3b immediately under the surface, and the subsequent
crack propagation would run around the line of the
bulb of force and then change direction as an ultimate
line of fracture (see Fig. lLa again). The eventual

forking of fracture seen to take place in Figure 3b

[€e!

would not normally occur in flake detachment unless
too great and rapid a force had been applied, and
then fracture forking and shattering of the core
might occur.

Hemmerstone percussion would crush any 1ip

produced in the above way, whereas the softer wood

or antler baton would not. The presence of a lip is
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therefore noted only when blades are struck off by

the baton technique.

Pressure Flaking. - Formal attributes present

in flakes detached from a core by pressure are as
follows:
1) Lesser bulb than by either percussion technique.

(Semenov 1964: 33).

2) Ripples weakly developed. (Semenov 1964: 46).

3) Less curved longitudinal cross-section than
percussion flakes (virtually straight, in fact).

k) Frequently long.

5) Platform most frequently intact, prepared or
unprepared.

I would hypothesize that the slower application
of force (though of great magnitude) in the pressure
technique does not create the rapid spherical'compression
resulting in a prominent percussion bulb which is the
result of percussive force application. The compression
is diffused more down the length of the flake and a flat,
diffused bulb is seen to result from the force of pressure.

I have noted elsewhere that plasticity is height-
ened with the'rapidity of force application. In pressure

flaking, the slowly applied force results in less plastic
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working and this, together with the low frecuency
of the shear wave produced by this technique,

results in weskly defined and widely spaced ripple

s

marks. The more rapidly pressure was epplied in
detaching a flake, the more evident rippling ought

to be.

n

sSemenov notes that, in isotropic materisl

H

-

the fracture line is straighter when produced by
pressure than when by percussion (Semenov 1964:46).
In other words, the fracture is less conchoidal in
the axis of flake length. Although I have not been
able to find authorative references to this effect,
it appears to me very possible that the curve of the
maximum shearing stress trajectory in a body might be
less under force slowly applied, as in pressure flak-
ing, than under force avpplied rapidly, as in percussion
flaking. Once again, I am sure any explanation of this
phenomenon, if it is factual, would have to be brought
forth in mathematical Tterms,

Because the fracture line is straighter, the
flake detached along the side of the core will be
longer than flakes would be if struck off the same

core by direct or indirect percussion. It has been

noted that the conchoidal nature of the fracture on
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micro-blades is hardly noticeable and likely due to
pressure flaking (Semenov 1964: 54).

The slow application of force by pressure
does not produce surface waves intense enough to
shatter the platform, which remains intact.

One must note that the concepts of resolved,
free and flat flaking may be combined, each in turn,
with the concepts of pressure, direct percussion, and
indirect percussion flaking. In both indirect per-
cussion and pressure flaking, it would appear that less
slivpage of the punch and flaker, respectively, would
occur if flat flaking were employed, but no doubt this
advantage was often outweighed by the need felt by
stone workers to produce a particular kind of flake

which was not producible by flat flaking.,

The El Inga Collection (Major Objective 4)

The materials comprising this collection were
gathered during January and February of 1960 at the
Ecuadorian Sierra site, El Inga, by Dr. W. J. Mayer-
Oakes and Dr. Robert E. Bell., A description of the
kinds and quantities of artifacts contained in the
surface collection from the site may be found in a
paper by MéyernOakes (1965), available at the Labor-

atory of Anthropology of the University of Manitoba,
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where part of the surface collection is also housed.
Occupation of the site has been dated from 7,000 B.C.
to 2,000 B.C. (Bell 1965:21L4),

Of the 48,238 objects (stone and pottery)
collected at the site, 41,381 have been classsified
as debris or waste flakes. Obsidian pieces total
45,776 or ninety-eight per cent of the lithic mater-

izl contained in the surface collection (Townsend

1966:8)., Of these obsidian objects, between eight

4]

hundred and one thousand are flakes, which resemble
in size and general configuration the bladelets
previously described in this text as a particular
type of flake derived from a special kind of core.
The above rough approximation of numbers of these
flakes relates to the incomplete stage of analysis
at which the collection stood when lMayer-Oskes' 1965
paper was written. At that time 666 of the flskes
had been analysed and described.

The term blade-like (I would prefer bladelet-

like, though a more cumbersome term) has been employed
by Mayer-Oakes to refer to thege flakes, which have
only roughly parallel edges and often very irregular

facets on the outer side resulting from the prior

=

igure 8a depicts a

detachment of other flekes.
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blade~like flake, from the collection, possessing
the kinds of formal attridbutes described previously
in this text as possibly associated with deltached
obsidian (and flint) flakes. TFlakes range in shape
(and inferred ouality of workmanship) from very
symmetrical paerallel edged to highly irregular in
morphology. This statement results from my own
casual examination of the total collection and T
have no nuwnerical data here.

Of the total collection of flakes examined
by spring 1965, eighty-four per cent exhibited work-
sixteen per cent (gimple blade-like flakes) did not.

Unifecial working is highly predominant. O0f the

spokeshave flakes, thirty-one per cent possessed strik

ing platforms. I note the foregoing, because platform

description will figure very prominently in the anal-
ysis and description, which I shall attempt, of =a
sample of these flakes and ultimately in interpret-
ation of flske attributes as results of specific
manufacturing techniques.

I must mention at this point, that I intend
to teke a limited sample from the number of blade-

like flakes in the collection, and to further deal



- 75 =

with a limited number of formsl atitributes which
1.

I propose to be relatable to specific technigue

of manufacture. What I have in mind here is an

illustration of the kind of thing which might be
done with all the obsidian artifacts in the collec-
tion, but the analyses and correlations which I

shall attempt will not be exhaustive by any means.

Some Archeological Concents (Minor Objective 5)

In the first chapter of this text, I deal?d
briefly with the srtifact gttribute, defining it
minimally as a trait or characteristic of any dimen-
sion of that artifact. TFrankly, I am unable to
expand this delimitation of the concept in any way

which will make it more meaningful. t would seem

that science in general has certain primitive
basic terms which are no more definghle for their
7 o T 3 I s - [ S, o 2 g

being basic. The precise meaning of trait or

cnagracteristic in this context may be grasped only

intuitively uvpon seeing repeatedly how and when the
concept attribute is employed in archeological liter-
ature. I believe one can say that the number of
attributes of 51l dimensions possessed by any one

artifact is limitless and relative to time and the
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knowledge plus imegination of the analyst. However,

only a limited number of the range of attributes of

an artifact would ever likely be pertinent to archeo-
logical research.

By way of example, on a projectile point a
virtually infinite number of pairs of stipulated
points may be joined by a streight line, and the
length ratio of any one line to any other may be
determined. Tach of these ratios would in some way
describe an aspect of the formal dimension of the
point and would be a formal attribute. Only a very
few of these ratios would be pertinent to the archeol-
ogist. One such ratio would be that of the line jJjoin-
ing the tip of the point to the mid-point of the base
to the line perpendiculsr to it which joins two points
to represent the maximum width of the point.

This leads to a distinction between metrical
attributes and discrete attributes. The former are
continuous in nature; a section out of a continuum.
For example the attribute "three inches in length" is
obviously of the metrical kind and so 1s the general-
ized concept "length" a metrical one. Discrete attri-

butes, on the other hand, are measured only by presence
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or absence; an artifact is round or it is not, and
it is yellow or it is not. Actually, discrete attri-
butes dissolve into metrical ones if you look closely
enough. Color is a metrical function of reflected
light wave lengths and roundness is a geometrical and
mathematical ratio of lineality. In spite of this,
the categories discrete and metrical are convenient
ways to look at attributes for purposes of artifact
analysis,.

It is worth noting that an attribute may be
negative as well as positive. To say that a particular

rtifact is not round may be more significent than a

jan)

description of its actuel shape, or further, the lack
of ripples on a blade is an attribute.

It has been noted (Mayer-Oskes 1966b:4) that
one can make a case Tor combining certain discrete

and metrical artifact attributes into artifact svstens.

For example, striking platform (itself a discrete attri-

bute by definition) where present might be viewed as
an artifact system reducible into several more specific
attributes of either & discrete or metrical nature.

Prepared is a discrete attribute, while maximum width

is of course metrical.
As it appears unlikely Tthat the concept arti-

fact attribute will ever be subject to anything but
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an intuitive kind of delimitation, I do not believe
the consideration of some discrele attributes as
comprising an attribute system will cloud any issues
of conceptual polemic. It appears, in fact, to be

a useful way to think about orgenization of analyt-
ical tools.

The nature of the artifact type continues to
be a bone of contention asmong archeologists, as
evidenced by the relative frequency in the litera-
ture of articles dealing with Tthis concept. Do
types exist in artifact assemblages and may they be
derived by a statistical analysis of the freguency
of attributbtes in an assembliage? Albert C. Spaulding
would reply affirmatively Tto both parts of this
question (Spaulding 1953). Others see artifact types
as arbitrary abstract groupings created by the archeol-
ogist, the defining attributes of which are selected
according to whatever archeological objective the
selector wishes the resultant artifact type to serve
(Rouse 1960:315-317). The problem of the nature of
the type in archeology is not just a tangential exer-
cise in metaphysics, as the decision made by an archeol-
ogist as to what a type really is will greatly affect
the way in which he handles data where classification

is concerned,



- 79 -

As previously stated, I shall be working
with a few selected flake attributes in an attempt
to relate them to technology. It is clear, then,
that I am not concerned with deriving a taxonomic
classification of the naterials in the EL Inga
collection and that the ‘taxonomic unit type as

L

viewed by either Spaulding or Rouse is not a suit-—

able concept for working with these attributes.

It would immediately appear that the concept

jol

mode, as developed by Irving Rouse, might be a valid

Term to apply to the kind of attributes (such as
ripple marks, shatter lines) with which I have dealt
and shall further deal. Rouse defines a mode as
Teny community wide standard, concept or cusbtom
which governs the behavior of the artisans of a
community.... Such modes will be reflected in the
artifacts as attributes...." (Rouse 1960:313).
Attributes which relate merely to biological, chem-
icel or physical aspects of artifacts may not be
considered as modes, which must have a cultural
significance by definition.

Rouse distinguishes (1960:315) between

conceptual modes and procedural modes, the latter
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referring to customary ways of making and using
artifacts. Conceptual modes are those relating

to such attributes as material and shape. With
reference to El Inga blade-like flakes, it is

clear that formal attributes such as obsidian or
particular range of angle of striking platform

to the side of the flake (reflecting core shape)
might be employed as conceptual modes if the
archeologist believes their presence in the coll-
ection is culturally significant end wishes to
employ them to achieve a particular research ob jec—
tive., It is ecually obvious that platform prepar-
t

ation, or the lack of it, might be employed as a

procedural mode. Prepared platform is, I believe,

a good exsmple of whal Rouse means when he says the
procedural modes must be accompanied by inference
upon behnaviour of artisans (1960:315). The recurr-
ence, in a collection of blades, of abraslon or
chipping on the platform of a flake would have to

be inberpreted as deliberate preparation of the

platform rather than an incidental and/or accid-
ental phenomenon.

Do attributes such as ripple marks, grooved
shetter lines or prominent bulb of force reflect a

stendard, custom or concept to which an artisan has
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conformed? Or are they more accurately viewed as
"within the reslm of .... physics rather than
culture” (Rouse 1960:313), That is, are they attri-
butes which may be employed as modes if so desired?
I have previously indicated thatb strong ripple
narking and shatter lines are both results of the

derivation of a flake by percussion. If percussion

1

Lalking is a procedural mode (and I believe it
qualifies as one, by definition), then what are the
formal attributes resulting from this technigue to

be termed? Strictly speaking, they are only traits
of physics in a particular kind of medium, and do

not directly relate to artisan stendards, concents

or customs. Yet they are a direct result of a
specific technicue which may well qualify as a mode
should the archeologist wish i%.

Because, by Rouse's definition of mode, the
archeologist is allowed to judge whether an attribute
is culturally relevant and may be used as a mode, I
shall assume that an attribute such as strong ripple
marking does qualify as such, being an indirect con-

gsequence of specific cultural behaviour. To the mode

concept has accrued some of the haginess of its root,
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the attribute.

Rouse has further indicated that taxonomic
classification (artifact types) is only one of two
possible ways to classify groups of artifacts
according to modes set up among them (Rouse 1960:

315). The procedure termed snalytic classification

entails the classification of srtifacts into groups,
each of which i1g characterized by modes of a specific
kind, such as technological, or stylistic (shape and
decoration) or functional.

Tach class is derived successively, that is,
artifacts will be clasgified by technological modes
in verious groups, which are next reclassified accord-
ing to style, and so on (see Fig. 2, Rouse 1960:315).
The modes with which I am to deal are indispubtably
technological. Technological modes might be drawn
from both conceptual modes (material, for example)
and procedural modes.

A summary of the foregoing presentation of
aspects of archeological theoretical concepts might
prove helpful. The concept abtiribute has been pre-
sented as twofold in kind, there being both discrete

and metrical attributes. Certain discrete attributes



of a general nature may be viewed as an gttiribute
system comprised of a series of more specific
discrete and metrical atitributes. It was seen that

the problematical concept of artifact type may be

considered as inherent in artifact assemblages or,
on the other hand, as arbitrary absiract groupings,
depending upon which theoretician one chooses to
comply with. The concept of mode as developed by

Irving Rouse gnd as employed in anaslytical classif-

dcation is viewed by this writer as svitable con-
ceptually for tThe analyeis of the Tl Inga collection
sample to be handled. The term "indirect percussion
flake", for example, would then represent one Tvechno-
logical, analytical class of flakes from the Ll Inga
collection,

Pigure 9 represents graphically the procedure
of analytical classification dealt with above. Here,

P

a collection or assemblage of artifacts is subjected to

analysis, and the metrical and discrete attributes of
each artifact analysed. The archeologist then chooses

as modes those artifact atltributes which he considers

culturally significant and pertinent to his research

objective. NModes may be technological, stylistic,
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functional, or perhaps of other categories. In
Figure 9, artifacts are finally placed together
into one technological class on the basis of their
common possession of one or more technological
modes. Clearly, further analytical classes might
be set up employing the same artifacts, but basing
classification on stylistic or functional nature.
Attribute List for Analysis of Collection Sample
(Minor Objective 6)

I have taken, as a sample from the El Inga
collection, 297 blade-like flakes all of which
possess striking platforms. Apart from a few flakes
which are teﬁporarily separated from the collection
for illustration and thus unavailable to me, the 297
flakes represent the total number of blade-like
flakes possessing striking (or possibly pressure)
platforms. A goodly number of flakes are broken off
at the distal end, but most all are complete enough
to give one a clear picture of the original total
morphology.

The distribution of these flakes as to classif-
ication as spokeshaves or simple flakes and as possess-
ing prepared or unprepared platforms has been determined
by analysis previous to mine, and is as follows in Table

I
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TABLE I

Distribution of 297 TFlake Sample As To
W : - s
Working and Platform Preparation

Prepared Platform Unprepared Platfornm Total
Spokeshave | 110 115 225
Simple Flake L& 26 72
Total 156 141 297

The number of flakes possessing platforms was
small enough that I did not feel the need to take a
random sample from them, but rather chose to work with
the total number. I might note here that the two major
classes (spokeshave and simple flake) and four sub-
classes of Table I are analyticel (rather than typol-
ogical) classes based on technological kinds of

procedural and conceptual modes.
Previously in this text I have listed some of
the formal flake attributes which are seen to be

associated with techniques of direct percussion,

indirect percussion and pressure flaking resvectively.
I shall attempt to determine the frequency of these

attributes, each singly, in the 297 blade sample and
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to note the frequencies of the various combinations
in which thesge attributes occur. Statistical tech-
nigues will next be employed to determine what
significance, if any, the distribution of observed
attribute combinations holds.

Secondly, I have heretofore indicated (pages
60-61 of this text) an interest in deterwining whether
or not orepared nlatforms shatter more easily then do
unprepared platforms. The hypothesis which I formerly
stated is thet of those flakes with a large amount of
platform remaining, there ought Lo be considerably

more with unprepared than vprepared platforms.

nrery To this
end, flake attributes involving platform completeness
and shape are of interest to me. TFigure 10 represents
what I have termed an attribute list for analyticelly

J-

classifying the 297 blade-like flekes according To

modes which I have deliberately chosen for what to me

ig their technological significance. These particular
modes have been chosen as suitable for the two above
outlined objectives of analytical classification,;deter-
mining the significance of combinations of formal
attrivutes specifically associated with percussion Tech-

nigues and investigating the relationship between
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platform size and ghape and platform preparation.
It is important to note here that These two
objectives are only exampleg of The kinds of
guestions one might ask of »nrimary archeological
data on lithic materials, when specific consider-

ation is given to the physical vrinciples associated

with various technicues of stone technology. Obvious-
3

1y, a great many objectives may be posed other than

those developed here.



CHAPTER III

OPERATION 3 - DESCRIPTION
Major Objective

In this operation, the magjor objective is

to describe the 297 blade-like flakes comprising
the primary data of the previous operation. Des-
cription will, of course, be conducted in the light
of the two limited objectives posed in Operation Z:
1) a determination of the freguencies of single
attributes which I have indicated as associated with
particular technigues of flake wmanufacture and an
eventual statement of freguencies of observed combin-
ation of attributes in Terns of their statlistical

gignificance.
2) a determinetion of correlations between
platform shape and size, and platiorm sreparation,

to be later checked for statistical significance.

Liethod

The method of implementing the above major
objective may be achieved by the accomplishment of
th:ee minor objectives:

1) Application of the conceptual framework 1o

1
o
9]

|
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the 297 flakes, and a description of the flakes in
terms of thege attributes.

2) Presentation of tables designating observed
and expected frequencies of single attributes and
their various combinations.

3)  Applicaetion of statistical devices to the

} ahove in order to state the signif-
icance of the observed frequencies in terms of

probability theory.

Application of Conceptual Framework to 297 Flakes
Tdeally, 297 copiles of Figure 10 would be

obtained, and the appropriate combinations of letter

and number (Al, B2, Cl....for exanple) would be

checked off on a single cony for each flake. The 297

check lists having been completed (all flakes examined) ,

the informstion would then be transferred to IBIM punch

cards and frequencies of single attributes and attri-

bute combinations determined by running the cards

through a card sorting machine. As delay may De en-—

countered in having cards punched, I chose to make a
manval tally of attributes and thelr cormbinations,

which, with 297 flekes and the limited 1list of possible
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attrivutes in Figure 10,

task.

the above information on
punch cards for ease of sto
A description of each of the 297 catalogued flakes
in terms of the formal atitributes ligs

10 1s presented in tabular form in an

this text,

Table II represents observed
these attributes directly re
percussion, indirect percusgion or pressure
Attribute D is absgent here as it was not considered

previously under the

Observed Frequenciegs of

arks Shatter
(Linesg

i
!

[
1 213

is not Ttoo formidable
I would, however, like to have, eventually,
the flskes recorded on

future use,

i

i

appendix to

<t

perimental Hesultsgh

bributes
Attrivbutes

Curvature

of

direct

section.

111b

frequency 29052l
{

NO AW

i

N
Uito

otal 297

29

* See Figure 10 in conjunction with this Table

pena)

St AN




- 91 -

Table TII indicates the twenty-four different
attribute combinations observed in the examination of
the 297 blade-like Fflakes. The first column headed
O represents the actual observed frequency in the sample
.3
¥

of each attribute combination. Column L represents the

expected freguency of each combination of attributes,
thet is, the number of times one would expect a combin-
ation to occur while assuming that each component attri-
bute i1s an independent entity, not depending upon the
presence of any other for its occurrence. The expected
frequency of each combination is derived as Tollows,
taking combinafion A1BI1C1T1T] as an example:

9
9

0x 296 x L3x Lx 1 . - " W
-~ - X 2 = Ixpected Ffrequency
7 297 797 Z97 wey < : !

DA

Column three is a computation necessary for the
completion of the fourth column. The meaning of column
four is very difficult to express, and I shall merely state
that the sum totel of all the numbers appearing in column
four is the Chi-square (XZ) of Table III. Behind this
Chi-sqguare calculation exists the hypothesis that the
297 flakes represent a sample from an unknown population
of flakes and the difference seen between the distribution
of observed and expected freguencies of atiribute combin-

o

ations may be explained as the result of imperfect samopling

technicues or of chance.
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111

Agsociation Analysis

for 297 Plakes

2
—T5
Attribute MLQ:;LW
Combinagtion 0 " 0-5 i
AIB1CITE1TF2 1 '}
A1B1C1E2F2 3 Ly 10/ ~.900 0.1650
A1B1C1IT3F2 17 20, 90 4,581 0 .50k
A1B1C1ESTF3 1 .681, o5 59
A1B1C1ITLE2 20 10,09 o s
A1B1CIELTS 3 1,63;} 11.2¢ 10.6560
A1B1C2E1IR2 1 ol
AIB1C2FE1E3 1 .12
AIB1C2R2TF2 15 6,77 15.15 25,9340
AIB1C2E2F3 6 1,10
A1BI1C2E3FL 1 .12
ATBIC2E3F2 Lk 119.04 2h.16 L.g70
A1B1G2E3F3 1h 5,13 8.57 13.525
A1B1C2RLT2 39 57 110"
AIB1C2ELT3 1h 2.61 -5,87 0.5660
L13163 272 2 .86
A1BIC3E3F2 2 b.36
Al?lC)E“PZ 5 2,08
A1B2C2FELE3 1 0 6.56 5,1000
A2B1CLTLT2 1 .15
A2B1C2E3F2 3 ,74\
A2BRIC2T3R3 1 0 |
A3B1C2E3F2 1 .75 |
A3B1C2ELT2 1 .36 /
all others
(192) 0 55,04 55,4 55,400
297 297 0 X _117 01
a.4.=0
Probability  (less than) .001




- 93 -

There are 216 possible combinations of the
variants of attributes A, B, C, E and F. Only twenty-
four of these are present in the sample., The combination
"all others" appearing in Table ITI refers to those 192
possible combinations of attributes being dealt with
which did not appear in the sample analysis, but which
must be taken into consideration for statistical purposes.
This kind of statistical comparison of the distribution
of observed frequencies and of theoretical or expected
frequencies is known as a "goodness of fit" test. 1In
such tests, it is quite common to work at a .05 level
of significance with respect to probability. That is,
when the probability value is .05 or less (as indicated
in a Chi-square table) the probability that the Chi-square
statement of the differences between observed frequencies
distribution and expected frequencies distribution is due
to vagaries of sampling technique or chance is considered
to be so small (5 out of 100, or less) that this differ-
ence must be significant. The null hypothesis to be
stated with reference to Table III is that there is no
difference between the distribution curves of the observed
and expected frequency columns which may not be explained
as due to sampling variation or chance. The null hypoth-

esis must be rejected if the probability value given by
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the Chi-square calculation is .05 or less (accepting
here .05 as the level of significance). It must be
noted here that the rejection of this hypothesis does
not explain what the forces are at work to produce an
observed frequency distribution considered statistic-
ally to be significantly different from expected fre-
quency distribution. For Table III when the Chi-square
probability test is applied at the .05 level of signif-
icance, it is found that the null hypothesis must be
rejected, and that the differences in O and E frequency
distributions must be viewed as significant.

Table IV relates to the objective of determining
a correlation between particular platform shape and plat-
form preparation. The Chi-square calculation for this

TABLE IV

Chi-square Association Analysis for
Attributes C2 and D1

D1 other D Total
c2 156 89 245
other G 0 52 52
Total 156 141 297
Xz 69,7
defo= 1

Probability (less than) .00l
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table is a test of the hypothesis that attributes
€2 (pyramidal and small platform) and D1 (prepared
platform) are independent variables and are not sig-
nificantly associated in attribute combinations.
Table V will test the relationship between
attributes Cl (complete and undamaged platform) and
D2 (unprepared platform). The hypothesis here is
that Cl and D2 are independent attributes. .05 level
of significance is employed here. The probability
value of the Chi-square calculated for this table
indicates that the hypothesis of independence of Cl

and D2 must be rejected,
TABLE V

Chi-square Association Analysis for
Attributes Cl and D2

D2 other D Total
cl 31 12 43
other C 110 144 254
Total 141 156 297
X = 12,22
defo= 1

Probability (less than) .001



OPERATION 4 -~ INTERPRETATION
Major Objective
The major objective of this Interpretation
operation ig the interpretation of the attribute
combination freqguencies handled statistically in

Operation 3 as culturelly significant and relat-

able to specific manufacturing Ttechniques
Iethod
1) Interpretation of the data contained in

Tebles I1 and IIT se indicative of specific tech-
nological pra €S,

2) Interpretation of the data of Tables IV
and V as the results of specific technology and

reflective of the nature of obsidian (glass)

-

fracture.
Table IIT and the probabllity value
.

obtained from it have caused g rejection of the

o e s

hypothesis that the difference between observed

8¢}

nd expected frequency distributions are due To

sempling fluctuations or chance. I interpret

96
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the statistical significance of this difference

-

to be the result of a specific and deliberate
technicue of flake manufacture, indirect per-
cussion, for reasons set out below.

The attribute combination with the highes?

frequency is AIBLC2E3F2, as would be expected from

the frecuencies in the collection of each individ-

5

ual attribute. The observed frequency of this
combination is significantly higher tThan The expvec-—
ted frecuency. Here, one must tske into account

) _:l_ﬂ N N

the fact that the freguency of this combination
was very likely substantially lowered by broken
blades where curvature (attribute E) was indeter-—
minate resulting in cowbination AIBLCRELFZ with
an observed freguency of 39 (significantly below
its expected frequency of 57.4).

In terms of particular attributes, this
combination AIB1C2E3F2 represents: (1) pronounced
and fregquent ripple marks, (2) presence of grooved
shatter lines, (3) small and pyramidal platform,
(4) moderate to pronounced curvature, (5) pro-
nounced bulb.

Tach of these attributes has been des-—
cribed elsewhere as resulting from the technique

of percussion, and in the case of EJ, from in-



direct percussion. I therefore interpret the

content

IS

of Table III ags indicative of an in-

direcv percussion industry which resulted in

the production of at least the major portion of

the 297

feel it

ade-1ike flakes exaemined.
should like to add that, although I

methodologically necessary to run a

"goodness of fit" test on the data of Table I1I,

ingspection of the observed freqguency colunn

alone of this table cleerly indicates that the

modal combination of the distribuition curve
9

A1BICZEZFZ, is ar

overwhelmingly significent

=

combination of sttribuves.

Agssuming now that I am degling with an
) o

indirect

percussion industry, I shall attempt to

interpret

remaining tables.
C2 and D1,

to be high

)

the stabtistical informstion in the
Associationg hetween attributes
and between Cl and D2 are both shown

1y significant. C2, a pointed or pyra-

midal platform remnant (asg in Figure 8a) is very

significently associated with D1, prepared plat-

form, because platform preparation produces a

myriad

ing in

ws in the platform surface, result-

%)

essy shattering of the platform under



applied force,
Cl, a complete and relatively undemaged
platform is very significantly associated with

D2, unprepsred platform, as the lack of flaws

jAS]

which are produced by preparation has resulte
in a greater ability to resist applied stress
occasioned by the transmission of surface waves
acroes the platform subsecuent to and during
appiied force,

The above are only examples (which
happened to catch my interest) of interpreta-
tions regarding technology and the reason for
the presence of specific formal attributes of
artifacts. Hany other formal traits are
equally worthy of attention as to their indiv-
1dual occurrence and their combination with
other attributes. Tebt me once more conclude
that the number of attributes holding techno-
logical significance for any archeologist is
directly proportional to his awareness of the
physical principles behind the presence or

absence of those attributes.
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Other attributes and combinations which
might be examined for their technological signif-

icance are pregented in the following operation.

Conclusion

I believe that in demonstrating in
Operation 3 that specific artifact atitributes
seen assoclated with specific manufacturing
technigues nay be explained by reference to
principles of force transmission in solids, I

- ¢

have substantiated Hypothesis I of Operation I,

et
¥

1

Problen Formulation. °

In completing this present Operation 4,
"
V]

I believe I have made acceptable the second

hypothesis of Operation I, that a statistical
handling of observed Ifrequenciles of combinations
of attributes demongtrated to be Technologically
gignificant would make possible an interpretation
of these freguencies as resulting from a preferred
technigue of manufacture. The attribute combin-
ation AIB1C2E3F2, each component of which was seen
to be associatable with dindirect vercussion, was
overwhelmingly present in observed freguency.

This fact, together with the Chi-gguare demon-
7 — e
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gtration that the distribution of observed
Ifrecuencies of all attribute combinations was
most unlikely to be due to problens of sawmpling
or chance, has enabled me to infer The presence,
in the Tl Inga collection, of a manufacturer's
preference for the technicue of indirect per-
cussion.

The correlations attempted between
particular kinds of platform preparabtion and
size and shape of platiorm represent an
example of the kind of hunches one gets about
which attributes might be agssociated, when one
has even a slight knowledge of principles of
force transmisgsion, fracture and so on. Had T
h thesis research, that

not been aware, througl

~»
{

all glasses fracture from suriface flaws, The
relationship between the preparing (by abrasion
or by chipping) of a platform and the size and
shape of the platform remnant on a flake would

not likely have occurred to me.




OPERATION 5 - NEW PROBLEMS
Major Objective
The presentation of attribute combinations,
other than those previously dealt with, which might

be technologically significant.

Minor Objective 1

T4 was noticed while analysing the Tl Inga
collection sample of 297 blade-like flakes that a
rather high proportion of hinge fractures were evi-
dent when dealing with attribute E, blade curvature.

linge fractures were called, under B, vcurvature

=t

indeterminate®.

T believe it would be worthwhile to investigate
whether or not there is any stetistically significant
association between hinge fracturing and the angle
subtended by the striking platform and the outer side
of the flake. That is, is there any relationship
between a specific general core shape and a high freg-
uency of hinge fracturing? If so, this might indicate

e

that this particular kind of core shape is difficult

- 102 -



Minor Objective 2

The ratio of width to length of complete

-
}__i
[&h)

akes might be investigated to see if there are
any stetistically significant groupings of width:

length ratios, which would be indicative of delib-

erate manufacture of flakes of two or more snecific

)

shapes, possibly Tor different intended usages.
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No.,

222222332222222222222222222222233
T NN N N F o NN N T NN e 8 0N O OO T

222222222222222222222222222212222

3333#2##5334&3223434&333422&3334

Flakes have been listed in Appendix above in the

order in which they were analysed,
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PROPAGATION OF A SURFACE WAVE IN AN ELASTIC MEPIUM
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TRANSMIS5ION OF FORCE IN ELASTIC MEPIA



FIGURE 2 a .

CONCHOIPAL FLAKE FROM AN LSOTROPIC MATERIAL.

.

FIGURE. 2b

CONCHOIPAL. FRACTURE EXPLAINEP BY MAXIMUM
SHEAR STRESS TRAJECTORIES SEEN [N PHOTOELASTIC

EX PERIMENTS. CAFTER NADAI 1931)
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FIGURE 3a

CONICAL SHEAR FRACTURE OF GLASS PLATE o Q‘?EQ'%'SER ANCELE OF SHEAR FRACTURE (N THINNER

FIGURE 3P

FORKEP FRACTURE OF qLA5$ CAUSED BY RApPIP OR VIOLENT EXPLOSIDN PUE
TO HEATqu WITH PRACTURE OR\C"IN AT O,
(AFTER STANWORTH 1956)
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FIQURE 3,C’ : FIqURE 3d

RiB OR RIPPLE MARKS ON FRACTURE SURFACE ~  CROSS SECTION OF FRACTURE SURFACE
RIPPLE  MARKS



- 1T -

-n

FIGURE 4
PROPAGATION OF SURFACE CRACK ALONG STRESS LINES a-b
OF SPHERICAL WAVE AND b-C OF SHEAR STRESS TRATECTORY RESULTING
FROM FORCE F '

FIGURE 4 b

DIFFERENCES IN ANGLE OF SHEAR STRESS DUE To DIFFERENCES
IN LENGTH ¢ WIDTH RATIO OF TWO |[SOTROPIC BODIES
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FIGURE 5a

PRISMATIC BLADE AND CORE

FIGURE 5 b

TECHNIQUE OF BURIN PREPARATION
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FIGURE 6 a

FREE FLAKING

FIGURE 6b
RESOLVED FLAKING

FIGURE G6c¢
FLAT FLAKING
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CYLINDRICAL CORE CONICAL CORE
e FIGURE 7 b

ESTIMATION OF CORE SHAPE BY OBSERVATION OF ANGLE (d) SUBTENDED
BY STRIKING PLATFORM AND OUTER SIPE OF DETACHEP FLAKE , TOGETHER
WITH GENERAL FLAKE MORPHOLOGY
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FIGURE 8a

VIEWS OF INNER FACE , LONGITUDINAL CROSS-SECTION AND OUTER
SIPE OF A BLADE-LIKE FLAKE FROM EL INGA COLLECTION

FIGURE 8 b

EXPLANATION OF LIP ON BATON PERCUSSION FLAKE
AS RESULTING FROM FORKED FRACTURE (SEE FIGURE 3b)
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"Some Discrete Attributes of Blade-Like Flakesgt

A, Ripple Marks: (1) Pronounced and freguent
(2) Weak and low frequency
(3) Absent

B. Grooved Shatter Lines: (1) Presgent
(2) Absent
¢, Platform I: 1) Complete and undamaged
/ i 1
- N . . N\ -
(shape and size) (2) Pointed (or pyramidal) end small
(3) Relatively complete and bruised
D. Platform II: (1) Prepared
e e s N \U.""’"‘—_"‘d
(preparation) (2) Unprepare
(3) Indeterminate
E. Curvatures None
Slient

¥Moderate to pronounced
Tndeterminate

o
N e

Very prominent
Prominent
Mlat

Fe Bulb:
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