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THE CONE FRACTURE PRINCIPLE AND THE MANUFACTURE 
OF LITHIC MATERIALS 

• 

An understanding of the correlation of the cone principle to 

the behavior and frac t ure of lithlc material and the detachment 

forces involved will help clarify the mechanical principles 

included in lithle tec hnology. When force is applied to lithio 

material, the stone compresses and the force radiates tangentially 

to the direction of 1t s application until the elastic limit of the 

material is exceeded a nd fracture occurs. The applied force must 

be of predetermined magnl tUj:e to form a cone in the 11 th1c material 

and of definite direct ion to control the fracture angle of the cone 

and detach the des ired flake or blade. Pl& , t 

1 

Ancient man took .advantage of _ the nature of isotropic material 

and the fracture angl e of the cone of force to systematically detach 

flakes (cone parts) t o form hls stone implements. Archaeologically, 

the positive portion of the cone is the detached flake and the cone 

scars whtch form and t hin the artifact are the negative cone parts 0 • 

When man applied the c one principle to 11thlc manufacture he was able 

to predetermine the t h ickness, wtdth, length, form and size of the 

flakes; to calculate a nd control their detachment and thereby produce 

a variety of implement s by diverse techniques. 

The cone of force associated with lithlc tool manufacture ts 
~•<>· , 

shaped more or less l i ke a mathematical cone. A A cone is a solid 

figure described by t h e revolution of a right-angled triangle about 

one of the sides conta ining the right angle, that stde remaining fixed. 

·1r the fixed side be equal to the side containing the right angle, 

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

side, it is an obtu~e a ngle cone; and if greater, 1t is an acute-angled 
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cone. The axis of the cone ts the fixed straight line about whlch 

the trtangle revolves. The base of a cone 1s the circle descrtbed 

by that side contatning the right angle which revolves. Similar cones 

are those which have their axis and the diameters of their bases 

proportional. The mathematical cone and the cone of force are 

comparable except that the apex of the 11thlc cone of force ts not 

polnted like a mathematical cone for the truncated part of the apex 

acts as a bearing surface to receive the applted force and corresponds 

with the platform part or proximal end of a flake or blade. 

In determtnattve mineralogy the word •concho1dal" - from the 

Greek word shell - ts u sed 1n combination with "fracture" to indicate 

the shell-ltke form produced on the surface of vitreous isotropic 

minerals by fracture. Concho1dal fracture leaves a negative concave 

scar similar to the tnt er1or of a btvalve shell on the surface of the 

artifact - the negative cone scar. The detached flake represents the 

positive stde of the s hell-like form and wtll be convex like the 

exterior of a bivalve shell - the posttive cone scar. The hinge part 

of tht·s fiYPOthettcal s hel_l 1e/ he cone truncation or the part recetv1ng 

the force to induce fracture. 

Because man the t oolmaker was using the cone prt.nct.ple to 

detach flakes, he had to choose matettals which would be receptive 

to cone formatton by f orce. When vitreous material is worked, cones 

of force will shear or will be formed deeper in the mass with 

approximately the same amount of force applied to granular material. 

Granular material appea rs to dissipate the cone-forming force more 

readtly than glassy material. Thts ts because granular material 

lacks the elastic qualtttes of vitreous material. Elasttcity ts the 

quality er oonditton of being elastic or springy; that inherent 



-

property in materials whtoh allows them to recover their original 

form or volume after any external pressure or force has been 

dtastpated. Elast1e1ty 1s the utmost extent or limit to whtch 

elastic materials can be extended or compressed wtthout fracturing. 

Vitreous tsotropic ma terials used 1n the ltthte industries are 

almost perfectly elas ttc. Degrees of elasttctty are dependent on 

the homogenetty of t he micro-crystalline structure - the more 

vitreous, the more elasttc. For example, obstdtan and other glassy 

materials are considerably more elasttc and springy than quartzite; 

and natural fltnt ts more tnflextble than thermally treated fltnt 
~ 

which has been made~vitreous by artifictal means 

,._ F'"•fr 
The term~ .2!, force ts used tn thts text to denote the 

visible pa rt of the c one wtthout tmplytng the type of applied force. 

Many texts refer to the cone of force as the "bulb of percusston", 

thereby denottng that the cone part, or flake, was detached by the 

percussion techntque. There are other techniques of flake detach­

ment, and cones may be formed by pressure a nd indirect percussion. 

Unless one has evidence such as flakes ~ or flake soars bearing 

charactertst1cs, attributes and dtagnostlc features whtoh determine 

the employment Gf a certatn technique, then it ts better to use the 

term "bulb of fore•" or"cone of force". When the teohntque has been 

determtned, it abould then be etgntfted by ustng the correct term -

either "bulb 0f percus sion" or "bulb of pressure". 

A Ft '- , 44-· 
~ truncatton occurs at the apex or proxtmal end of the cone ~ 

of force and ts called the platform part of the flake or blade. The 

platform ts isolated or prepared on the top of the piece betng worked 

and when a flake or bl ade (cone part) ta removed a portion of the 

platform (cone truncat ton) ts also removed. The size of the cone 

truncation is the area contacted by the percussor or compressor. The 
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character of the .cone truncation (platform) 1• the most diagnostic 

part of a blade or flake. The eone truncation may be 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 

· methods corresponding to techniques, stages of work and the ultimate 

intention of the tool maker. Some truncations are simply the natural 

cortex of the stone. others a plane fracture surface, or the result 

from removal of two or more flakes to isolate the platform or 

truncation. Single bulbar scars are used to aeat the flaking tool, 

and ·other truncations are strengthened by abrading and sometimes by 

polt"shtng. 

The yield of the percussion tool and the portion of the 

platform part contacted by the fabricator will make a large cone 

truncation and often eliminate the claaaic cone sear, leaving a 
d 
fiffused bulbar part on the flake and flake scar. The use of a hard 

■emi-polnted or sharply convex hammer will leave a well defined cone 

acar. Some· techniques - such as block on block - cause the cone 

truncation to crush or collapse which leaves no viaible bulb of force. 

i ■ otropic minerals. Sometime• when the worker uses excessive force to 

detach a thick blade from the core, the blade will break when the 

rebound or recoil exceeds the elastic limit of the material. Rebound 

can be surpressea by reduced velocity, longer interval of contact or 

by dampening. Rebound fracture surfaces are an exceptlon to the cone 

principle and can not be compared to the cone of force. 

When lithic material is subjected to stress, the force waves 

radiate in ever-expanding waves and circles from the point of contact 
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compresstng the material and caustng a oone to be formed. When the 

applied force surpasaes the elastic limlt of the material, fracture 
f:, (,., 5,., t-

reaults. A Fracture sta rts at the apex or Tertex of the cone and 

5 

terminates at that basal margin. Therefere, the d1.rect1.on of applied 

force is different from the fracture angle of the cone. One must bear 

in mind that a flake s car which 1.s derived from the fracture angle of 

the cone results from force which is applied at other than a right 

angle or perpendicular to the central axta of the cone and 1• ·. 

tangential to the direction of fracture. 
~tG-, 7 

A common inverted funnel~can be used to illustrate the cone 

principle. The stem of the funnel represent• the direction 1.n whtch 

force is applied. The sides of the funnel represent the fracture 

angle of the cone and the apex of the cone (platform) ts the part 

of the funnel where t he neck or stem joins the flared part of the 

funnel. The funnel can be overlaid on the flake or cone scar and 

the stem of the funne l will indicate the direction at which force 

was applied. The flare of the funnel's sides may not be qutte the 

aame as the angle of the cone, but the stem can indicate the approximate 

direction of force. One can make an isosceles trtangle from card-

beard or a piece of p1astio and affix the ap~x of the triangle to a 

amall dowel to b~ used as an tndicator to determine the d1reetion of 

force. This small tool ts a useful devtce for showing the direction 

of applied force to r emove a flake or blade from an artifact or core. 'r' 6-, '1 

The gauge helps 1n dtscr1mtnating between nature facts and artifacts. 

The gauge also helps to determine the angle at whtch force was applied 

and when the angle or a ngles represented by flake or blade scars are 

known, one may then r econstruct the actton that was involved tn the 

formtng of the core or implement. fhere are exceptions to the rule 

of ustng the fracture a ngle of the cone to determine the directton 

of force, e.g. (1) spli tting or shearing of the cone by opposing 
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bl-polar forces~due to inertia, and (2) cone collapse due te 

excessive compressive force. 

The type of applied force determines the formation or spacing 

· of the compression (stress) rings around the circumference of the cone. 

The compression rings undulate in different degrees of intensity, 

comparable to water or sound waves. For example, blows of high 

Telocity delivered with a hard hammerstone cause the stress wave 

interval to be closely spaced, while a slow blow with a soft percu~sor 

will cause the wave interval to be widely spaced. Soft hammer wave 

intervals approach those produced by pressure. The waves seem to 

be quite regular pulsations that start at the apex of the cone and 

continue to the termln~tton of the cone fracture. Normally, the 

pressure technique produces slight or subdued compression rings. 

Prehistoric stone tools are generally made by applying sufficient 

force to lithic material to induce adequate stress to form a cone 

which expands from its apex and detaches 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. Quarter cones are formed by the foree being directed 

Tert1cal to the corner of a rectangular block (Fig.~). The detached 

material can assume a variety of forms; all will have a complete or 

portion of the cone of force. These parts removed from near the 

margins are called flakes. Some flakes 
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are specially designed, elongated flakes called blades. Flakes result­

. ing from early stages of artifact manufacturing often appear to be 

aberrant and without design, where in reality they are due to the amor­

phous nature of the rough material or to 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 

c1:ngle to the fracture plane of the proposed flake or flake scar. Nor-

mally 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 conformation, 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 eone 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. Another example of flake form 

control is the use of ridges to prevent the expansio:i of the flake. When 

the worker aligns pressing forces with a pre-established ridge and re-

moves a series of elongated cone parts, it will result in what is known 

as parallel flaking. 

The following interpretation of the cone principle is based on the 

study and results of numerous experiments in replicating aboriginal 

flaking techniques. Circumstances have not permitted controlled labor-

'1 
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atory investigation of exact angles related to force, inertia, mass, motion, 

velocities and properties of materials, but the experiments have been ver-

ified by duplicating and comparing both cone and cone scars on isotropic 

materials formed by both man and nature. Slight variatio-~ s of the ang le 
,elements and circumstances 

of force do occur, but when all condition~ are the same the fracture angle 

will be the same. J;-1~. S 

Cone parts in the forms of flakes or blades have almost universal 

distribution, while intentionally made complete or full cones have limited 

occurrences. But even though the aboriginal flintknapper did not use 

this technique for forming artifacts, he did make full cones when he was 

perforating sto::1.e. I have noted use of the full cone removal technique 

in the State of Colima, Mexico and Jacques Tixier (personal comm uni-

cation) has found examples of the use of this technique to perforate beads 

in Egypt during the Chalcolithic. The Egyptian bead making technique 

exhibited slight technological differences from the Mexican method of 

perforations. In Egypt, beads were made by using a very small tube 

drill to first drill half way through flakes of vari-colored chalcedony, 

and then the balance of the material was punched out by removing a full 

r=• G-~ u 
cone with a cylindrical truncation. ft Surplus material was then removed 

from around the perforation, making the bead discoidal. In Colima, 

Mexico, perforations of obsidian were made by removing minute, com-

plete cones from the margins of eraillure flakes. /!t'-• #~ 

Eraillure flakes are specialized flakes. They are generally cir-

cular concavo-convex and are formed between the flake and the core by 

I 
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direct percussion. The eriallure flake either falls free or remains 

partly attached to the core. The dorsal side of the flake is usually with­

reflect lng 
out compression rings a nd the convex side has a good ,"!'·eflee~ioo surface. 

The piece is made regul ar and the sharp edges removed around the 

circumference by pres sure flaking. Perforations in the discoidal er-

aillure flake are made b y using a pointed drill to drill an indentation 

approximately half way through the disc. If the flake is to have one per-

£oration in the center, the hole is drilled in the middle on the concave 

side. If two holes are to be made, they are drilled opposite each other 

slightly in from the marg ins. After the drilling has established an in-

dentation, a sharp punch of very resistant material is seated in the 

indentation and the punch struck, remov ing a cone from the opposite 

face to complete the perf oration. The graduated discs with the center 

perforation are then. stru ng the same as beads, and those with perforations 

in from both margins are attached side by side. The method may 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 dis-

coidal, rather than remove a cone. The technique may have been used by 

the Maya to make the initial perforation in eccentrics, but then the holes 

were enlarged by addition al flaking, thereby destroying any remnant of a 

cone scar. 

Experimentally, I have perforated lithic material by both tech-

f:'t G,. I?­
nique s. One method is to select or make a plane surface and then,A using 

a hard percussor with a convex surface on the striking end, deliver a hard, 

1 .. 
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p t6-f ~ 
sharp blow at the cente r of the plane surface to establish a full cone./\ 

The impact between the percussor and the plane surface of the objective 

piece must be at 90° or vertical, otherwise the cone will be acute, 

obtuse or malformed. The blow will cause a cone to be. formed wtthln 

the 11thic material. Then a flat tabular piece is removed parallel to 

the plane surface by s t riking just below the margin at a ,,po1n.t which wtll 
&'t &, ·•"-' 

determine the desired t hickness of the detached flake. A The blow is struck 

at approximately 45° t o the plane surface. The thickness of the tabu-

lar flake should corres pond to the depth of the cone fracture. If the 

thickness of the tabula r flake 1s less than the depth of the cone fracture, 

the cone' will often remain on the core. If the thickness of the flake if 

more than the cone fracture, then the cone will be removed with the 

flake. If the cone 1s removed with the tabular flake, 1n order to com­

plete the perforation and remove the cone, a punch with a tip no larger 

than the truncated part of the cone is used to complete the c one fracture. 

The perforation on a tabula r f l a1te may then be e nl a rged, by add iti ona l 

flaking to make a circle or bracelet. 

Another full cone experiment 1s accomplished by projecting a hard 
. 

miasil at high velocity with a pneumatic gun or a sling shot. Certainly 

this ts not an aborigina l technique, but ts an excellent method. for 
~ 

examination of cone character such asAfracture angle of the cone, 

different velocities, s hock wave, cone truncation, cone collapse and 
/:I<-~·~ 

angles of impact.A In l i eu of the air rifle or sling shot, a thin flexible 

piece of hardwood can be used 1n the manner of a spring. A pea-sized 

pebble ts placed on the tabular material to be perforated and t he piece of 

hard wood ts secured by the hand at one end and the opposite end is 

pulled back. When 1t t s released it strikes the small pebble and the 
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impact perforates the material by re moving a cone. Shattering ls 

common until the· correct velocity is achieved. 

Another full cone experiment involves selecting a piece of llthlc 

material wi th a natural flat surface, or by making a fla t surface to 

receive the impact, and then imbed the stone in wet sand. The plane 

surface is placed upward and then struck vertically wi th a hard per­

cussor. The size and velocity of the percussor mus t correspond with the 

· size and inertia of the objective piece. This method will perforate 

the piece b y r emoving a full cone, but until one becomes proficient a t 

the technique , he will have more failures than successes. 

Since cones a nd cone parts are the result of force applied to 

isotropic materials, they may be the result of .eithe r na tural or human 

force applied by pressure or, more commonly, by percussion. Natural 
' forces result fro~ a wide variet y of causes and may, unde r the right 

conditions, form c on 3s and cone scars on stone whi ch will be similar 

to those made by man. However, natural scars on lithlc material a re 

generally random and do not r e flect the preconception, planned order, 

rhythms and muscular motor habits ~ecessary for man to produce h is tools. 

Close examina tion and analysis of the s car c ha racter and t he fracture 

ang le of the cone of force wil l indicate the direction of applied force 

and may reve a l that they are a natural random imitation r ather than 

preconceived and calculated human endeavors. Flakes intentionally 

detached by man have sharp edges and ge nerally leave sharp edges on the 

objective piece prior to performi ng functional chores. Conversely, 

natural fractures produce fl a kes and cores with abraded edges due to 

indiscriminate pressure and percussion. Utilized tools may exhibi t 

dulled edges but generally have a distinctive wear pattern. 

Should a row of flak e scars r ~moved in sequence be present along 

a margin indicating consistent directions of force applied with the 

same intensity, the probability ts that this ts a product of man's 

endeavor r a ther than a result of natural action. Man-made fla ke scars 

will generally bear the same amount of erosion. Erosion differential 

will indicate tha t the flake s were re moved at different times. 

Differences in erosion will be more characteristic of nature tha n of 

man's remodification of an artifact. However, occasionally, one will 

find evidence of differences in erosion or patina on a man-made implement. 
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This is generally an artifact which has become dulled or broken and 

then remodified by the worker. Or it could be an artifact recovered 

from an earlier period of the stone age and reworked. However, the 

second stages of remodification flake scars would be likely to bear 

the same amount of erosion. The angles of force causing sequential 

flake detachment from alterna te directions along a margin would be 

unlikely in a natural action. Violent disturbances from natural 

causes in vitreous materials can produce single objects resembling 

artifacts, but they will not occur in numbers that show preconception 

of design and intent 

Natural cones of force are common in lithic deposits where move­

ment occurs. Natural movements of rocks, wheth8r by changes of elevation 

or ~ater action or any force or forces which cause contact by pressure 

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

ever, in this case, the negat ive bulb of force will be more noticeable 

in vitreous stone with isotropic properties than in granular rocks. 

ontpebble striking another will form a cone of force on both pebbles 

if the force exceeds the elastic limit of the material. 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 fforce may cleave the object at the fracture angle of the 

cone. If the material is resting on an unyielding support and the 

force is directed opposite the support, it is possible for the cone of 

force to be sheared. Vitreous stone which is rolled and tumbled for 

some distance will soon be covered with intersecting cones which 

penetrate at different depths because of the variable intensities of 

force. This is a good gauge for selecting suitable material for 
which 

making tools. Vitreous rocks/have this cratered surface are 

generally superior material for stone tool manufacture. Non-vitreous 
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materials which are naturally rolled or . tumbled cause the cone to collapse 

and the rocks to become · smoothed and rounded. 

The determining of the geological occurrence of vitreous material 

(minerals) is important before making a final appraisal of questionable 

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 sandstortes (quartzite, not 

metamorphosed quartzite), ignimbrites, obsidians and basalt, siliceous 

filling of cavaties, i.e.: fault zones, vesicular basalt, pseudomorphs, 

and as concretions in sedimentary rocks (flint in lime stone). {Illus.: 

starch fracture). These materials may be redeposited in the form of 

cobbles or boulders in alluvium. Quite naturally, vitreous minerals 1n 

the form of alluvium or occurring naturally, which are rolled and 

bruised prior to redeposition, are rounded since the corners or pro-

tuberances are less resistant to battering. Dnring 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 

materials. 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 bur in core. The right angle margins of the tabular 

or angular pieces will have random conchoidal scars of assorted sizes, the 
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edges being somewhat crushed and abraded. Flakes which match the 

flake or blade scars should be in association. Starch fracturing is not 
I 

if 

uncommon in natural deposits of obsidian and siliceous vitreous minerals 

and causes some~ interesting pseudo artifacts to be formed, many 

resembling blade cores and blades. However, with starch fractured 

material there is no bulb of force, but there are occasional rings of 

compression. 

' The natural tumbling action which forms intersecting cones on 

vitreous lithic materials is similar to the pecking technique 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 material 

between the fracture planes. A percussor of vitreous material is 

desirable because after continued use it will develop slightly projecting 

positive cones. These positive cones on the pe_rcussor will in turn form 

multiple cones on the material being reduced by pecking from a single 

blow. A percussor of the proper material will remove a quantity of 

material from the objective piece in a short time. Experiment has 

uses 
shown that when the workers ·.t•.Q a percussor of the proper weight and 

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

When pecking is used to reduce non-vitreous material the 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 I 
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heads for war clubs, s h ape masonry and make ornamental carvings. 

The fracture angle of the cone and the interpretation of the 

direction of applied for c e can only be used when the pressure is in 

F•6- l"f'; 1 , • t1 .-.. 16 
one direction.A Commonly the pre ssure technique requires the force 

to be applied in two directions, in the direction of the proposed flake ,=,,. 1q 

• 

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

pressure scars indicate that the flake is quite flat and _terminates with­

out curving. Projectile points with a diamond shaped transverse section 

r:•~ ,9 
are examples of the single direction force.'1 Pressure retouch used in 

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

pressing force. The flak es detached by bi-directional pressure use the 

cone principle but pres s ure is applied in two direction and the pressure 

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

F•~· z.o . 
proposed flake scar. A T h e pressure tool tip is first seated firmly on a 

prepared area that will w ithstand the pressure necessary to detach the 

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

plied in the direction of t he proposed flake even if the pressure tool is 

held tangentially to the d irection of applied force. As outward pressure 

is gradually increased, t he inward pressure is maintained and the pres-

sure 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 pressure will then guide the cleavage to its termin-

ation. The cone of pressure shifts its position as the outward pressure 

is increased and the shift continues until the fracture an_gle of the cone 

is reached and the elastic limit of the material has been exceeded. 

I 
I 
I 
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The proportion 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. 7 ).4',.. 'I). 

When rounded, spheroid material is fractured--whether by nature 

or man--it must receive greater force than angular material. Natural 

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 force must be applied 

at approximately 90° to the surface, otherwise the blow will glance or 

ricochet without accomplishing fracture. 

Natural fracturing by violent battering shears the cone of force, 

leaving no bulb of force or a poorly defined one with closely spaced com-

pression rings. When the force is excessive and the cones of force col-

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

similar to an orange segment. The force waves will be closely spaced 

with expanding shatter line originating at the point of applied force. When 

the cone is sheared there will be no evidence of the bulb of force, the frac-

ture plane is quite flat and the compression rings are also closely spaced. 
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APPLYING THE CONE PRI NCIPLE TO FUNCTIONAL FLAKE SCARS 

A careful study of the use flake scars on stone tools aan some­

times determine their functional performance and also indicate the 

manner of holdlng. Past studies of such scars have placed emphasis 

on the plane of fracture, but have not considered the angle of applied 

force which ts, 1n turn, governed by the angle at which the artifact ts 

held when performing a speclf1c 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 technique of fllntknapping to more clearly 

define these functional ~ears. It ls conceivable, and I believe possible, 

that the principle of the cone as applied to intentional fracture in 

tool making could be useful in diagnosing functional flake scars. Fl1•~1 

Two angles of force must be interpreted, and these angles are 

indicated 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 artif~ct was held. The use 

flakes may be related to the fracture angle of the cone and direction of 

applied force and, 1n turn, used to show the manner in whtch the tool 

was held. When the tool was used as a chopping implement by i mpact or 

percussion, the fracture angle 0f the use flakes and cone remainf 
F•' -~' 

relatively constant. A When the tool 1s hand held and pressed, rather 

than projected, two angles of force must be considered. It is 

possible that a single direction of pressure force could be appl1ed 

until the cut ls terminated. If the cut does not terminate, 

two directions of pressure are used to complete the cut. Should an 

tnvolunt~ry use flake be detached, 1t will correspond to the proportton of 

i 
1 

' • 

l 
I 
j. 

I 
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the forces, changing t he fracture angle of the normal percussion cone of 

force. When a flak e, or blade, is used as a knife for cutting flesh, hide, 

sinew, or materials with minor resistance, it can be held at the proximal 

end between the thumb a nd 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 pre ssure will cause the tool to nick on the side op-

posite where the pressur e is applied. The nick will weaken the edge and 

if 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 / ~ 
~ {V'.__,,?l:ti.,_.) ...£c°"-jL , __.;JY? _,,c,,,~.) ✓/,,f, ... /.a.-,-z./ .:..4 ,,('_,,. :;,,.,,l.~~ _,,,/.,__,~ t')--,.,) ~1 -: . , 

a direction away from t h e user, toward the distal end of the blade.;\When /\ .,..:J,.":':.,__j.. 
. ~A~/4~ 

the flake or blade is used with care, it only becomes dulled by abrasions 

and will have no visible flake scars. This abrasion is probably due to the 

material being cut by con taminated earthy substances. 

During the past tw o million years, man has produced a vast as-

sortment of artifacts, rnany designed to perform specific functions, others 

multi-functional and poss ibly some were for non-functional ceremonial 

purposes. Sometimes , after tools had performed their original intended 

task, they were often m odified into other tools and then used for other 

purposes. One can often ~ 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 ce rtain dimensions and direction. 

' . ' 

t 

I 
j 

f 



• 

19 

When the flake or blade is drawn sideways, the use flakes will be 

detached from the face o pposite the resistance. The angle of the use 

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

amount of downward pres sing 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 example is the 

common scraper used fo r removing fat, flesh and tiss"ue from skins. The 

scraper is held verticaH y and drawn toward the worker. This type of 

function will detach us e flakes at the scraping edge from the ventral to 

the dorsal side. Howeve r, use flakes would only be present if the scraper 

edge contacted some m a t erial resistant enough to erode or scar the scraper 

edge by removing a cone part. If the scraper does not contact hard materials, 

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 care-

fully to determine the s1""1.:arpness. If it is extremely sharp, we can presume 

it has not~~~~ or smooth to the touch, then we 

presume . · . ~ax._ The use of the binocular microscope is 

often necessary to dete rmine wear patterns, or functional polish. Often 

striation may he observed showing the direction of use, but will not deter-

mine the angle at which. t he 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 hafte d and used in much the same manner as one 
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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, 

{spinafex or blackboy gums) and then used in much the same manner as 

~ 
one uses a hand held wood; f hisel. The functional side of the artifact was 

the ventral side of the flake, and when the tool has been used the functional 

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

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

be striking with a piece of hard wood. The sharpening flakes were re-

moved 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 ma-

terial 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~. The different positions of 

the use flakes may be useful in separating those diverse functions per-

formed by tools similar in outline and form. 

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

facially flaked by direct percussion to be used as hand held choppers, 

the ventral side of the flake facing the wooden material being worked. 

Like the Australian adzes, function will detach flakes from the ventral 
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side of the tool. The cone of force resulting from use penetrates 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 necessarily 

appear on all specimens because when they are resharpened the_ func­

tional 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. 

SUMMARY 

An examination 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, nor 

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

the mechanics of cone fracture are understood, a realistic interpreta­

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

workshop area can be made which will aid in defining separate indus­

tries, definite traits and attributes. The character of cone fracture is 

governed by a set of conditions. A replication of the conditions causing 

cone fracture will result in similar characteristics of flake and flake 

scars. The character of the cone parts represent the developmental 

stages of artifact production from their inception to the finished product, 

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