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RELATION OF THE CONE FRACTURE TO FLINT-LIKE MATERIAI..S 

Prehistoric stone tools of flint-like or isotropic materials are p~ l 
generally made by subjecting sufficient force to lithic material to exceed 

its elastic limit, thereby inducing fracture and detaching a portion of the 

stone. The detached piece is a flake but is also a cone part . Some flakes 

are half cones, others are quarter cones or parts of cones. Full cones 

result from force directed in from the margin at 90° to the plane surface ,.. 

Half cones result when force is directed at 90° on a right angle margin 

and quarter cones are formed by the 

corner of a rectangular block {fig. 

impleme · ts. When he learne to predetermine th thickness, width, length, 

~er 
fon~_/ and size of the flakes an~)control the detachment, he was able to pro-

-----·-··- --- .... __ _ 
duce a variety of styles and tool types. _____ _.---------·-··· -------~.-----·-

✓\) The detached material can assume a variety of forms: all will have fc Ip 

a complete or portion of the cone of force. These parts removed from near ~ 
r 
(\ 

the m a rgins are called flakes. Some flakes are specially designed, elon- . 

gated flakes called blades. Flakes resulting from early stages of artifact 
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manufacturing often appear to be aberrant and without design, where in 

reality they are due to the amorphous nature of the rough m a terial or 

individual platform preparation. 

The flake form is usually directly related to the exterior surface 

of the material and the fracture angle of the cone of force. The shear 

plane is the same as the fracture angle of the cone and is tangential to 

the direction of applied force. Therefore, the force is applied at an 

angle to the fracture plane of the proposed flake or flake scar. Normally 

the flake form will correspond with the exterior surface. This rule is 

not applicable to very thick flakes where the thickness is greater than the 

surface conforma tion, shape, structure or design. The form of the cone 

part can be designed by first preparing the surface. A plane surface will 

allow the flake to expand from the point of applied force, resulting in a 

typical conchoidal or shell-like cone part. A predesigned ridge or ridges 

will restrict the expansion of the flake and its detachment will result in a 

cone part called a blade. A n other example of flake form control is the use 

of ridges to prevent the ex pans ion of the flake. When the worker aligns 

pressing forces with a pre-established ridge and removes a series of elong-

ated cone parts it will result in what is known as parallel flaking. 

The term cone of force is used in this text to denote the visible 

/•/; pa rt of the cone without implying the type of applied force. M a ny texts 

~~ ,.~O refer to the cone of force as the "bulb of percussion" thereby denoting that 

~ii(; \5) the cone part, or flake, was detaiehed by the percussion technique. There 

are other techniques of flake detachment, and cone s m a y b e formed by 

pressure, indirect percussion and various other methods. Unless one has 
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basal ma.rgin. Therefore, the direction of applied force is different from 
J 

PV---1 
One must bear in mind that a flake scar which the fracture angle of the cone. 

is d e rived from the fr3,cture a r .. gle of the cone results fron1 force which is 

applied 21.t ot her than a right angle or perpendicular to tl::e central axis of 

the cone and is tangential to the direction of force. 

A common inverted funnel can be used to illustrate the cone principle. 

c .. 

The stem of the funnel representing the direction in which force is applied. 

The sides of the funnel represent the fracture angle of the cone, and the f:;;: 
apex of the cone (plat form) is the part of the funnel where the neck or stem $ q, 
joins the flared part of the funne 1. ln-e~.e.I.lll-i~ -e- dire--ctton of 

~ lied .D.l'-E-€-Wh-i-ch-det-a-c--h.e.Gl-a ±ak-e-G'!:"- G-Gne-p.a-l't~ funnel can be over­

laid on the flake or cone scar and the stem of the funnel will indicate the 

direction at which force was applied. The flare of the funnel sides may 

not be quite the same as the angle of the cone but the stem can indicate the 

approxima te direction of force. r I ne can make an isosceles triangle 

from cardboard or a piece of plastic and affix the apex of the triangle to 

a small dowel to be used as an indicator to determine the direction of 

force. The guage will resemble an inverted "Y i'. The angles of the isosceles 

triangle's sides should correspond to those of the cone of force. This small 

tool is a useful device for showing the direction of applied force to remove 

a flake or blade from an artifact or core. The gauge helps in discrimin­

ating between nature,,.;facts and tl:1.o-s-e--in~ a d g_b.y_n:ian.. The gauge 

helps to determine the angle~ hich force was applied and when the angle 

or anglesf epresented by flake or blade scars are known, one may then recon-
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r 

evidence, such as flakes or flake scars bearing attributes, diagnostic ~ 
,p/ 

features and characteristics which determine the employment of acer-~ 

tain technique, then it is better to use the term "bulb of force" or "cone J r 
of force. 11 When the technique has been determined, it should then be 

signified by using the correct term--either "bulb of percussion" or "bulb 

of pressure." 

l 
The following interpretation of the cone principle is based on the ~ 

study and results of numerous experime nts in replicating aboriginal f ~ /p 
flaking techniques. Circums tances have not permitted controlled lab-r 

oratory investigation of exact angles related to force, inertia, mass, _ ... 

motion, velocities and properties of materials, but the experiments have 

been verified by duplicating and co:mparing both cone and cone scars on 

isotropic materials formed by bot h man and nature. Slight variations of 

the angle of force do occur, but when all conditions, elements and cir­

cums~ -~.':~."_me, the fracture angle will -be the sa,me~ ~ 

~ lo- ~ , the o-sitive portion oftne c~ d fla_e/ ~ 
( . ,,/, _,/ / 

ancythe cone ,cars which for✓and thin the a;rtifacts are th,e-'TI.egative · -/;;;.,Ii .i\ 
/ . , -~✓ ~ • A~()flv:t 

Co·ne a '-t .,,,..~ ,.- --- - · -d..---· 
---=--p _r~ s. ___ j ---· 

-'I 

When lithic m a terial is _subjected to stress, the for --e ~~ aves radiate ;I 
. . ) _,,,-/ --
~ / ./ 

in ever expanding ~ /4nd circles fr,0'.fn the poi of contact, compressing 
/ 

-~ material anVcausing a ~~be formed .r ¥.i.U.~ p-i ;:;; .. EH; i-a.Ls. .---- , 

}--r-e-gene-r-&1-1 • J:r.ighly lastic, som-e-:more 

plied force exceeds the elastic limit of the material, fracture results. 

Fracture starts at the apex or vertex of the cone and terminates at the 
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~ 

struct the action that was involved in the forming of the core or implement -~ , 

Should a row of flake scars removed in sequence be presentzlo a mar­

gin indicating consistant directions of force a p plied with the same ·ntensity, 

the probability is that it was a product of man's endeavor, 

~ud 
result o ~ action.,.b.y uatnre..., The row of flake scars mus all bear the same ~ 

amount of erosion. Erosion differential will indica that the flakes were 

removed at different time s. Differences in er , sion will be more charac -

teristic of nature than of ma.n's remodific 3;,,hon of an artifact. The angles 

of force causing sequential flake detaf nt from alternate duections 

along a margin would be unlikely in/ a natural action. Violent disturbances 
/ 

from natural causes in vitreous
1

~ a.terials can produce single objects re -

sembling artifacts, but they (,h l not occur in numb ers that show precon­

ception of de~ here are exceptions to the rule of using 

the fracture angle of the cone an als-oth-e::g:a.uge to determine the direction 

of force; i.e.: (1) splitting or shearing of the cone by opposing bi-polar 

forces when due to inertia, (2) cone collapse d u e to excessive compressive 

r 
~ 
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spacing of the compression rings around the circumference of the cone. 

The compression rings undulate in different degrees of intensity, com-

parable to water or sound waves. For example, blows of high velocity delivered 

~ with a hard hamm erstone cause the wave interval to be closely spaced f,r-f ~ 
while a slow blow with a soft percuss or will cause the wave interval to 

¥ -k~nt.?--V 4b~~ ______ ,___.,,,.,.....,,.---
~ be widely space di' a pproac~ those produced -~~- pr,:~· / Force is a~,: :',,/'··· 

plied in different w ? ,7,,,,a'."r;:d· each ~ ~;,::.:?,.9 -•Produces __ ,~~,9'1-P~ession rin; ~ ir{..,, ,# ~ 
the form of _w_ avJr"ef"

0

~f varying_,_i,n(~-~ sities and s,p'~~ing startinQ'_,. ;a;it"'t ~e cone r 
,,I; "'~ ,-,>II' C?P'' 

,_..1r .r,'7v>" /f "1'.,.,-, 
~ ✓ ~ 

truncatio~ the termiti'.";tion of the fracture or until the force is disipated. ·_ 

The waves seem to be quite regular pulsations that start at the apex of 
---~ 

the cone and cont-~nue to the ter~ ination of th:~.one frac~~re. Th:;y € "~ • 

spacing depe ~ a1,:r on the type _ _9£,-'applied £o ;:.,.s;,e,,,..-a:.nd the py.fi15erties,_,0'f the ,. 
/ ,,. /' ' __ _, •. ,<' ___,,.,___ ____ _ 

materia/4: e types _O<-f~ e). - ~ 91 -~ ·tif!lri) 
A cone of force is anything shaped more or less like a mathema tical 

cone. A cone is a solid figure described by the revolution of a right-angled 

triangle about one of the sides containing the right angle, that side re- (M~) 
m a ining fixed. If the fixed side be equal to the side containing the right angl_e, 

the cone is called a right-angled cone. If it be less than the other side, . it 

is an obtuse angle cone; andl if greater, it is an acute ..angled cone. The 

axis of the cone is the fixed straight line about which the triangle revolves. 

The base of a cone is the circle described by that side containing the right 

angle which revolves. Similar cones are those which have their ~ and the 

diame ters of their bases proportional. The mathematical cone and the cone of 

force are comparab le except that the apex of the cone of force is truncated 

and corresponds with the platform part or proximal end of a flake or blade. 
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In determinative mineralogy, a feature called conchoidal fracture is 

a surface more or less like the surface of a shell, and the term is 

characteristic of certain vitreous isotropic minterals. The term is 

used for identification of the fracture of minerals when they break, 

presenting on the negative side a concave surface like that of the in-

terior of a bivalve shell and on the pos itive side a convex one like that 

of the exterior. The interior of the shell is the negative cone scar and 

the , 
v 

is the positive part of the cone. The hinge part of the shell 

is the cone truncation or the part receiving the force to induce fracture. 

Elasticity is the quality or condition of b e ing elastice or springy: 

that inherent property in materials which allows them to recover their 

original form or volume after ?:1'l. external pressure or force has b een 

dissipated. Elasticity is the utmost extent or limit to which elastic 

materials can b e extended or compressed without fracturing. Vitreous 

or isotropic materials used in the lithic industries are almost pe rfectly 

elastic. Degrees of elasticity are dependent on the homogeneity of the 

micro-crystalline structure- -the more vitreous, the more elastic. 

For example, obsidian and other glassy material is considerably more 

? 
elastic and springy than q uartzite; and natural flint is stiffer than ther-

mally treated flint which has b e en made vitreous by artificial m eans. 

When vitreous material is worked, cones will either shear or be forme d 

deepe r into the mass than when approxima tely the same amount of force 

is applied to more granular material. The more granular m a terial ap-

p ears to dissipate the cone-forming force more r eadily: htf does the 

glassy material. .,,£7 ;J-. -4'J2 A/ .6 -~,,,.a,--~ 

' ~A~3 (! ex~ J ~ \I f c<M'T ·p . ~Vft' ~~ rf 
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To induce fracture in isotropic minerals, the limit of elasticity 

must be exceeded. Son1e time s whe n the worker is detaching a thick 

blade from the core , the blade will break when the rebound or ,n,: coil 

exceeds the elastic limit of the m a terial. Rebound can be~ by 

r e duced ve loc ity, long er interval of contact or by d a m pe ning. Rebou} d 

&,A)~ 
fracture surfaces are an exception to the cone princ. iple _si,nd ~canrrot b e . 

. "'f <f <::,( t) ~ '(.I 

compared t o the cone of force. ~ fMJb" 3 - P 3 · 
Cone parts in the forms of flakes or blades have almos t universal 

distribution while int entionally made comp lete or full cones have limit ed 
.--; 

o ccurrences . But even thoug h the aboriginal flintknapp e r did not us e this 

technique for forming artifacts, he did. make full cones when he w a s pe r-~ 
£orating stone. I have note d use of the full cone removal technique in the 

I 

State of Colima , M exico and Jacque s Tixier has found examples of the use ~ 

of this technique to pe rforate b e ads in E g ypt during the Chalcolithic (persona l 

communication) . The Egyptian bead m aking technique exhibited slight tech-

nological differences from the Mexican m e thod of perforations. In Egypt, 

b e ads were m a de by using a very sma ll tube drill to first drill half way 

through flakes of vari-colored chalcedony and then the balance of the 

m a terial was punched out by removing a full cone with a cylindrical trun-

cation. Surplus m a terial was then remove d from a round the perforation, 

m aking the b ead discoidal. In Colima , Mexico, perforations of # os i dian 

w e re m a d e by removing minute ~plete cones from the m arg ins of 

e raillure flakes. 
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Eraillure flakes are specialized flakes. They are generally 

circular concavo-convex and are formed between the flake and the core 

by direct percussion. The eraillure flake either falls free or rema ins partly 

attached to the core. The dorsal side of the flake is usually without com-

pression rings and the convex side has a good reflecting surface. The 

piece is m ade regular and the sharp edges removed around the circum-

ference by pressure flaking. Perforations in the discoidal eraillure flake 

are made by using a pQ inted drill to drill an indentation approx ima tely 

half w a y through the disc. If the flake is to have one perforation in the 

center, the hole is drilled in the middle on the concave side. If two holes 

are to b e m a de, they are drilled opposite each other slightly in from the 

m a rgins. After the drilling has established an indentation, a sharp 

punch of very resistant material is seated in the indentation and the punch 

struck, removing a cone from the opposite face to complete the perfora-

tion. The graduated discs with the center perforation are then -strung 

the same as beads; and those with perforations in from b oth m a rgins are 

attached side by side. The m e thod m a y sound very simple but, in reality, 

it is difficult as the force necessary to remove the cone is very exacting 

and the least miscalculation will fracture the discoidal rather than remov e 

a cone. The technique may have been used by the M a ya to make the initial 

perforation in eccentrics, but then the holes were enlarged by additional 

flaking, thereby destroying any remnant of a cone scar. 

Experime ntally, I have perforated lithic material by the above 

m e ntioned techniques. One m e thod is to select or m ake a plane surface 

I 
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and t hen using a hard p e rcussor with a conv ex surface on the striking end 

d e liver a hard sharp blow a t the center of the plane surface to esta blish 

a full cone . The impact between the p e rcussor and the plane surface of 

the objective piece m u st be at 90° or vertical; otherwise the cone will be 

a c ute, obtuse, or m a lformed. The blow will cause a cone to b e forme d 

within the lithic material. The n a flat tabular piece is removed parallel 

to the plane surface by striking just below the m a rgin at a point which will 

d e termine the desired thickness of the d e tached flake . The blow is struck 

at approximately 45° to t h e plane surface . The thickness of the tabular 

flake should correspond to the depth of the cone fracture. If the thickne ss 

of the tabular flake is less than the dept h of the cone fracture, the cone will 

o ften remain on the core. If the thickness of the flak e is more than the 

cone fracture, then the cone will be remov ed with the flake . If the cone 

is remov ed with the tabular flake, in orde r to complete the perforation 

and remov e the cone, a punch with a tip no larger than the truncated part 

of the cone is used to c orn p lete the cone fracture. The perforation on a 

tabular flake m a y then be enla,rged by addition al flak ing to m ake a circle 

or bracelet. 

I 

Another full con e expe riment is accomp lished by projecting a 

h a rd missile at high velocity with a pneuma tic gun or a sling shot. 

Certainly this is not an aboriginal technique but is excellent for exam­

ination of cone character such as fracture angle of the cone, different 

velocities, shock wave, con e truncation, cone collapse and angles of 

~ 

impact. In lieu of the air rifle or sling shot, a thin flexible piece of 

hard wood can b e used in the m a nner of a spring . A pea-siz e d pebble 
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1s placed on the tabular material to be perforated and the piece of hard-

wood is secured by the hand at one end and the opposite end is pulled back. 

When it is released it strikes the small pebble and the impact perforates 

the material by removing a cone. Shattering is common until the correct 

velocity is achieved. 

Another full cone experime nt involves selecting a piece of lithic 

material with a natural flat surface or by making a flat surface to re-

ceive the impact and then imb ed the stone in wet sand. The plane surface 

is placed upward and then struck vertical with a hard percuss or. The 

size and velocity of the percuss or must correspond with the size and 

inertia of the oojective piece. This m e thod will perforate the piece by 

removing a full cone but until one becomes proficient at the technique, 

he will have more failures than successes . 

~~~-oef7~ 
Since cones and cone parts are the result of force applied to 

isotropic m a terials, they may be the result of natural Ga-ttf!cs as wetla s 

ft e... intentiona]~~-ppi-ica-t-iorr-of-force~ n- -either by pres -

sure or, more commonly, by percussion. Natural forces result from a 

wide 

cone 

variety of causes and m a y, under the right conditions, form cones and 

scars on stone which will be similar to those m a de by ~ /v However, 

natural scars on lithic material are generally random and do not reflect 

the preconception, planne d order, rhythms and muscular motor habits 

necessary for m a n to produce his tools. Close examination and analysis 

of the scar character and t he fracture angle of the cone of force will 1n-

dicate the direction of applied force and may reveal that they are a 

natural random imitation rather than the preconceived and calculated 
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endeavors ~ a:ia-; ,. 

Flakes intentionally detached by m a n have sharp edges and 

generally leave sharp edges on the objective piece prior to performing 

functional chores. Utilized t ools may exhibit dulled edges but generally 

have a distinctive wear pattern. Natural fractures produce flakes and 

cores with abraded edges due to indiscriminate pressure and percussion. 

Natural cones of force are common in lithic deposits where move-

ment occurs. Natural mov ements of rocks whether by changes of elevation uJ 
or water action or any force or forces which cause contact by pres sure or 

percussion can induce cones of force on the fractured stone. However, 

this case, the negative bulb of force will be more ~ n vitreous 

stone with isotropic properties than in granular rocks. One pebble 

striking another will form a cone of force on both pebbles if the force ex-

ceeds the elastic limit of the m a terial. The cone will penetrate the 

material equivalent to the amount of force, the inertia and the velocity. 

Reduced force may not form a cone on the stone while great force m a y 

cleave the object at the fracture angle of the cone. If the material is i-

resting on an unyielding support and the force is directed opp osite the 

support, it is possible for the cone of force to be sheared. Vitreous 

stone which is rolled and tumb led for some distance will soon be 

covered with intersecting cones which penetrate at different depths 

because of the variable intensities of subjected force. This is a good 

gauge for selecting suitable material for making tools. Vitreous rocks 

having this cratered surface are generally superior material for stone 

tool manufacture. Non-vitreous materials which are naturally rolled 
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or tumbled c a use the cone to collapse and the rocks to become s-moothed ~ J.,3 
~ -7/i> and rounded. ---c'.'........Jl,-rt~-

An understanding of the cone principle form a tion in isotropic 

minerals can help one determine and discrimina te b e tw e en natural 

and intentional f A c one of force is form e d by a p plying the 

force at right ang es to the p lane surface. Because the ,fracture angle 
!' 

of the cone is tange tial to the direction of applied f9f~e, one can de-

f 
termine by the fractu ~ ngle of the cone the ang.lJ of applied force. 

,/ 
By using the fracture an0 e gaug e and overlayfg the cone scars, the ;;_/I 
direction of force is obviou\ In n ature, i unlikely that flak e scar ~ 

will b e alternated along a mai\.g in a nd b e/ 91.rected in seque n c e with 

~ / / 
changing angles of force. A l so, if the1 j akes leave scars along one 

/l 
m a rgin and one face with consiste-. t · 7£ gle s of flake r e m oval an[ each 

r,! --.....-
s c ar overlaps the n ext in seque~l(w e can safely rule Ollt a natural 
_____.,-~-- l'fl' I--~-~~ I ,, • 

o c currence . B y using the fra iu:i;'~ ; gle gauge, one can determine 

the angle of force in relation;{~ the fr ~ ture angle of the cone. Fracture 
I 

I \ 
due to natural forces induf n g cone rem wal will be highly variable in 

/ 'I. 

both direction and inten_rity. Flakes det~~\ed ~ y natural causes will 
/ ~t,/l~.d/f1• l,J,~.f ¾., 

have crushed and abri ded edges and the weak' r areas will b e reduced 
j f ~ _,rt~"C"t~Y,'97'-lt~,.,..,.t!"~lti~,J';t;<\~~~~·~W!:'ll:4~· -

/ . - ' 
!::~a£.~_:! than 1i e thicker stro:~.;..~.J_:,1Z,!.~. '1\\e edg es of p seudo 

""'""'-~ ,tJ ,01o•~a.,,,;.1· \ ""'r"<'•~~-,·~-·-"'·•·· ~ 
tools b e come ro/ d e d and abrade d from interaction~d assoc iated lithic 

f' 

m aterials. T l)k flake scars are also a braded but in dif rent d e grees 
/' 
" ' I ' 

b e cause natfi- e do/ s not remove all flakes in sequence. It '\ s highly 
c· 

improbably that man would remov e just one flake, use the tool, and 

then deta ch another flake and so on in order to exhibit differential 
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wear on the individual scars. When problematical and questionable 
i ; I 

examples of 'fithic materials are examined it is well to have a/ re-
\. ! J' I . I 

presentative 1\ opulation and study the fracture angle in rel £ion to the 
\ . 
\ 
\ 

direction of force to resolve the question of man vs. na 
\\ 

Lithic m a t~rials at or near the natural d e posi_ result in 
\, I 

errosional forms and flakes that e to those forme d 
\. 
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R 
by m a n but are, in real}s· , the produ cts of natun When quantities of 

vitreous mine rals with isotr .pie properties /re subjected t o force, 

flakes can be removed which m~~ thou/,o b e flakes and cores 

m a de by m a n. Natural forces that ~~ t rm p seudo a rtifacts are the 

-'1~ settling of unde rlying forma tions, eal"hq~ kes, diastrophism, exfol-
/ ~-

iation , development of internal stref1J.ns and ~'!;_ess e s, tempe rature 
,.. '"'J<\~, 

I ~\ 
changes, form a tion of crystallinf minerals after ''t-JJ_e initial d e posit , l ~, 

.l \."'· 
move m e nt by water or ice, an<t any natural gravitatioh"'a,,!_ changes causing I -~ 

I ~ 
I 

movement of the m a terial to/ b e subjected to force by another mass r e-
/ 

/ 
sulting in fracture . I 

The distribution of questionable artifacts / i ngled 

within a deposit of ologically o curring lith·./ m aterials 

and co-mingled 

presents com-

plex problems not fou n from the sou rce. 

horizon indicate movement o by artificial m eans 

\. 
other than nature and limit,, eir \ ~hances of being formed by nature. 

/ '\. 
For exa mple, at the -1,,,f achuco shelte,r on the side of a cliff, a stream 

,/ 
cobble which was aitered at on e end by -~ e removal of successive flakes 

was found by M a cNe ish. (Ma cN e ish, 196~\ In this case, we can be sure 
\ 
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The determining of the geological occurrence of vitreous material f~ 
(minerals) is important before making a final appraisal of questionable f.3 
flakes or artifacts. Minerals lending themselves to flaking generally 

occur naturally in several categories: i.e. blanket veins, horizontal beds 

of chert, silicified sediments, siliceous sandstones (quartzite) not meta-

morphased quartzite, ignimbrites, obsidians and basalt, siliceous filling 

of cavaties, i.e. fault zones, vesicular basalt, pseudomorphs and as 

concretions in sedimentary rocks (flint in limestone). These materials 

may be redeposited ~ in the form of cobbles or boulders in alluvium. 

Quite naturally, vitreous minerals in the form of alluvium or occurring 

naturally which are rolled and bruised prior to redeposition are rounded 

since the corners or protuberances are less resistant to battering. 

During the movement, the striking of one piece of stone against the other 

will detach flakes. Rounded or ovoid materials are more resistant to 

fracture than angular manterials. The investigator can expect to find 

somewhat different styles of natural flake and flake scars in deposits 

of materials depending on their geological occurrence. Angular material 

deposits can fracture into core-like pieces with an occasional scar at the 

corner, or corners, which will resemble a blade core. Thin tabular 

pieces will have an edge that will appear to be a burin core. The right 

angle margins of the tabular or angular pieces will have random conchoidal 

scars of assorted sizes, the edges being somewhat crushed and abraded. 

Flakes which match the flake or blade scars should be in association. 
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Starch fracturing is not uncomm on in natural deposits of i osidian and 

siliceous vitreous minerals and causes some ~ interesting pseudo 

artifacts to be formed, m any resembling blade cores and blades. 

However, with starch fractured material there is no bulb of force 

but there are occas ional rings of compression. 

When rounded, spheroid material is fractured- -whether by 

nature or man- -it must receive considerably more force than angular -, 

material. Nat ural application of forces will vary in intensity, while 

those made by man will be more uniform. An exception is the Australian 

technique of fracturing the stone by throwing which detaches irregular 

and aberrant flakes. Before a rounded mass will break, the for ce must " 

be applied at approximately 90° to the surface, otherwise the blow will ~ 
glance or ricoc het without accomp lishing fracture. 

Natural fracturing by violent battering shears the cone of force, 

leaving no bulb of force or a poorly define d one with closely spaced 

cornpression rings. When the force is excessive and the cones of force 

collapse, the debris is angular and the flakes are sub-triangulate in 

section, similar to an orange segme nt. The force waves will be closely 

spaced with expanding shatter line s originating at the point of applied 

force. When the cone is sheared there will be no evidence of the bulb 

of force, the fracture plane is quite flat and the comp ression rings are 

also closely spaced. 
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APPLYING THE PRINCIPLE OF THE CONE TO FUNCTIONAL FLAKE SCARS 

A careful study of the use flake scars on stone tools can sometimes 

determine their functional performance and also indicate the manner of 

holding. Past studies of such scars have placed emphasis on the plane of //JC./ 
fracture, but have not considered the angle of applied force which is, in 

turn, governed by the angle at which the artifact is held when performing 

a specific function. 

For the purpose of encouraging further and more detailed study of 

these scars, I would like to postulate a potential use of applying the tech- I 

nique of flintknapping to more clearly define these functional scars. It is 

conceivable, and I believe possible, that the principle of the cone as applied 

to intentional fractures in tool making could be useful in diagnosing func-

tional flake scars. 

Two angles of force must be interpreted and these angles are indi-

cated by the type, length and termination of the use flake. Applying the principle 

of the angle of the cone to the negative flake scar could very well determine 

the angle at which the artifact was held. The use flakes may be related to 
Yf•' ,, ~ a-;.~· · ~"'f ·p 
rl''-1 ,·it~ ·1 t.i ti. ©; 

the cone .\angle s and direction of a /jpplied force and ·,n-t.tt-nr,-u_-sea-·fo~-h~.;, the ,, " 
man1:er in which the tool was hel~

1

• JWhen the tool was used as a chopping -' 
/ - ~ 

//"'' implement by impact or percussion the fracture angle of the use flakes and 
___. 

I 
~ ~one remains relativ~, When the tool is hand held and pressed 

rather than projected two angles of force must be considered. It is possible 1 

that a single direction of pressure force could be applied until the cut is 

terminated. If the cut does not terminat7,two directions of pressure are 
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used to complete the cut. Should an involuntary use flake be d e tached I 

it will correspond to the proportion of the forces, changing the fracture VY(.) 

angle of t he normal percussion cone of force. When a flake or blade 

is used as a knife for cutting flesh, hide, sinew, or materials with minor 

resistance, it can be held at the proxima l end b e tween the thumb and 

forefingers and drawn toward the worker, the strokes being parallel to the 

long axis of the blade or flake. When used with care in this manner, the 

edge may become polished after long use. Twisting or any side pressure 

will cause the tool to nick on the side opposite where the pressure is ap-

plied. The nick will weaken the edge and i f the tool continues to be used , 
/ 

the projection resulting from the nick will detach a flake longitudinally 

and this process will continue until the tool is resharpened or abandone d. 

The functional scars will be short and steep in a direction awayJ ..r .. Qm the~ . 
~ . ~ ~ ~ } user, toward the distal end of the blade. h en t]ii acute edg~ contacts bon.e .~ · ------,p or some hard resistant material it wiJl crnsb. When the flake or blade is ,,r 

used with care it only becomes dulled by abrasion and will have no visible 

flake scars. This abrasion is probably due to the material being cut by 

contaminated earthy substances./ f~X' \ q , 
Whe n the flake or blade is drawn sideways, t.he--k'flakes will be ~ 

detached from the face opposite the resistance. The angle of the use 

flakes will depend on the holding position of the flake or blade and the 

amount of downward pressing force. The use flakes will lack regular 

spacing and uniformity. The leading edge will usually show crushing which 

should not be confused with intentional retouch. An examp le is the common 
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scraper used for removing fat, flesh and tissue from skins--the scraper 

1s held vertically and drawn toward the worker. This type of function 

will detach use flakes at the scraping edge from the ventral to the dorsal 

side. However, use flakes would only be present if the scraper edge 

contacted some material resistant enough to erode or scar the scraper 

edge by removing a cone part. If the scraper does not contact hard ma-

terials, the edge will just receive a polish. Since function does not 

always produce use flake scars on a tool, there are other means of 

determining if the flake has been used. A quick field test is to run the 

finger along the edge carefully to determine the sharpness. If it is 

extremely sharp, we can presume it has not been used- -if dulled, or 

smooth to the touch, then we presume functional abrasion. The use of I 

the binocular microscope is often necessary to determine wear patterns, ~ 

or functional polish. Often striation may be observed showing the direc-

tion of use, but will not determine the angle at which the tool was held. 

On the other hand, implements that appear to be scraper-like 

objects were used by the Australian aboriginals for forming and shaping 

wood. The tool was hafted and used in much the same manner as one 

would use an adz ~ . (Gould and Tindale, personal communication). 

These artifacts were secured to a shaft of hard-wood or fixed to the 

proximal end of the spear thrower (throwing stick) with native adhesive, 

(spinifix or blackboy gums) and then used in much the same manner as 

one uses a hand held wood '{~ The functional side of the artifact was 

the ventral aide of the flake, and when the tool has been used the functional 
l / 

scars will be on this side. If the functional edge is slightly curved, then 

I 

I 
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the cutting edge was oriented near the bulbar part of the flake. If the 

functional edge is to be flat, the cutting edge is oriented towards the distal end 

of the flake. After the flake was secured in the tool the aborigine used his 
1 

teeth, a pressure technique, to sharpen the edge or retouched the edge by 

striking with a piece of hard wood. The sharpening fla( es were removed 

from the ventral to the dorsal side of the flake, being curved or flat, the 

angle of the cutting edge conformed to the hardness of the material being 

worked. It is possible that counterparts of the Australian implements 

have a much wider distribution than history records. The use flakes may ~ 

be useful in determining the difference between tools called scrapers and 

--- ------- -----------
those used as an adz'f . The scraper is drawn toward/ the worker with the ¥ 

ventral side of the flake facing the worker. Any use flakes removed during ~ 
j 

the scraping action will be fr 1./f;.~) the v7'mtr , to the dorsal side of the imple-
l/' / '( 

m e nt. When the tool is to be used as an ii.:dz/ , the ventral side is towards 

the m a terial being worked and any use flakes will be removed from the 

ventral side of the modifieq flake. The different positions of the use flakes 

may be useful in separating • :-o diverse functions performed by tools 

similar in outline and form. 

In Australia large Hakes, two and a half to five pounds, are uni-

facially flaked by direct percussion to be used as hand held chopper :; -. 

,..-.::=--·--=--·, ax). -1}.e ventral side of the flake facing the wooden material being 1/1-/ 

worked . Like the Australian adzf s, function will detach flakes from the 

ventral side of the tool. The cone of force resulting from function pene-

trates the stone in the same direction as the impact and the use flake 

terminates in a step fracture rather than a · hinge. Use flakes do not 
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necessarily appear on all specimans because when they are resharpened 

the functional scars are eliminated. Sometimes use scars will not appear 

on functional edges due to a build-up of resins and wood fibers which will 

only cause the edge to dull. 

During the past two million years, m a n has produced a vast as-

' lryu 
sortment o f artifacts, many designed to perform specific functions, ,v<) 

,j ~~ 
others multi-functional and possibly some were for non-functional cere- / &' 
monial purposes. S01netime s, after tools had performed their original 

intended task, they were often modified into other tool s and then used for 

other purposes. One can often imp ly function by examining the design, but ~ 

by using the cone principle one is able to reconstruct the forces necessary 

to detach a use flake of certain dimen sions and direction. 

~ 
Cone Truncation is at the apex or proxima l end of the cone o~ ~ 

and is called the platform part of the flake or blade. The top of the v _;;J,,,I force 

core is the platform and when a flaKe or blade ( cone part) is removed a 

portion of the platform { cone truns_ation) is also removed. 

The size of the cone truncation is the area contacted by the per- ' 
cussor or compressor. The character of the cone truncation (platform) fa wJ 
is the most diagnostic part of a blade or flake. The cone truncation m ay ~ !) 
b e flat or at an angle depending on the type of core or the applied technique. 

The truncations, or platform parts, are often modified by a variety of 

m e thods corresponding to techniques, stages of work, and the ultima te 

intention of the tooLrnaker. S01ne truncations are simply the natural 

cortex of the stone , others a plane fracture surface, or remov ing two 

or more flakes to isolate the platform or truncation,. ingle bulbar scars 
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are used to seat the flaking tool, and othe r truncations are strengthened w '} 
by abrading and sometimes by polishing. 

The yield of the percussion tool and the portion of the platform 

p a rt contacted by ~~~:l~~~~i~Z,,u"!'ce will m ake a large cone truncation and 

often e liminate the classic cone scar, leaving a diffused bulbar part 

on the flake and flake scar. The use of a hard semi-pointed or sharply 

convex hamme r will leave a well d e fine d cone scar. S01n e techniques 

cause the cone truncation to crush or collapse in which ~ no bulb 

7, of fo~;*~ ~¥ )?,J_ /4~ 
~ The natural tumbling action which forms intersecting cone s on 

vitreous lithic mat erials is similar to the pecking techniqu e used by 

man to reduce and shape implements. The process is called pecking 

and is a percussion~ technique of repeatedly striking the object to 

cause cones of force to intersect one another thereby freeing the 

m a terial between the fracture planes. A percussor of'vitreous ma-

terial is d es irable because after continued use it will d eve lop slightly 

projecting positive cones. These positive cones on the percuss or will 

in turn form multiple cones on the material being reduced by pecking 

fro1n a single blow. A percuss or of the proper material will remove a 

quant ity of material fro:m the objective piece in a short time . Experime nt 

has shown that when the workerJ us ? a percuss or of the proper weight and 

material, h e can groove a basalt or granite maul in less than one hour. 

------ - - - ~ 
Pecking was a common technique i;;:- t h ~-N e olithic~~ implement s ~ 

of flint-like m a teri~ e~-~-~~-~ -this.-=~ rm~ r..J:>~e £~al _smo?thing _ 

polishinJ When pecking is used to redu ce non-vitreous material the 
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cones are often crushed, new ones made and then crushed causing a 

rapid reduction of the material. The percussion cone technique was 

used to form and groove axes and mauls, inscribe petroglyphs, make 

bowls and mortars, to make heads for war clubs, shape masonry and 

/---:;:)make ornamental carvings. 

(3/4 ~~ 
~ The fracture angle of the cone and the interpretation of the 

direction of applied force can only be used when the pressure is in 

one direction. Commonly the pressure technique requires the force 

to be applied in two directions, in the direction of the proposed flake 

and away from the piece being worked. Characteristic uni-directional 

pressure scars indicate that the flake is quite flat and terminates 

without curving. Projectile points with a diamond shaped transverse section 

are examp les of the single direction force. Pressure retouch used 1n 

beveling and sharpening is often a uni-directional application of the 

pressing force. The flakes detached by bi-directional pressure use the cone 

principle but pressure is applied in two directions and the pressure 

tool may be held at different angles from vertical to the direction of I 

the proposed flake scar. The pressure tool tip is first seated firmly on ~ 

a prepared area that will withstand the pressure necessary to detach the 

flake of a pre-determined size without crushing. Pressure is then applied 

in the direction of the proposed flake even if the pressure tool is held tan-

gentially to the direction of applied force. As outward pressure is grad-

ually increased, the inward pressure is maintained and the pressure must 

be sufficient to prevent slipping. The flake will start to part at the proximal end, 

removing a cone affixed to the proximal end of the flake. The inward pres-



24 

sure will then guide the cleavage to its termination. The cone of 

pressure shifts its position as the outward pressure is increased 

and the shift continues until the fracture angle of the cone is reached 

and the elastic limit of the material has been exce,eded. The pro-

portion of inward and outward pressing forces are coordinated and 

adjusted to the desired flake or blade termination. The fracture angle of 

the cone is used in pressure flaking but only the uni-directional pressure 

scar can be measured by using the gauge (fig. 

~ mination of the behavior of cones 

) . 

of force in isotropic 

materials is a necessary part of understanding lithic technology. 

Unless the direction of force is related to the fracture angle of the 

cone, the action of the stone worker cannot be reconstructed, ~ an 

functional flake scars be interpreted to fit a specific use. When the 

mechanics of cone fracture are understood, a realistic interpretation 

of the specific character of flaking products and by-products of work-

shop areas can be ma.de which will aid in defining separate industries, 

definite traits and attributes. The character of cone fracture is governed 

by a set of conditions. A replication of the conditions causing cone frac-

ture will result in similar characteristics of flake and flake scars. The 

character of the cone parts represent the developmental stages of arti-

fact production from their inception to the finished product, showing the 

worker's intention, the diverse techniques and tools used. 
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