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ABSTRACT 

Projectile points are found in most cultures and often have distinctive shapes and / 

or are made of special materials. It is suggested that these differences in form and material 

will affect the performance of projectile points when used against specific targets, and 

different points will have different optimal applications. 

Points were manufactured from several common materials including different kinds 

of wood and stone, and in some of the most common forms found in the archaeological 

record. These were then tested in controlled experiments to ascertain differences in 

finctional effectiveness when shot into targets such as straw bales, the carcass of a small 

pig, and the chest of a reconstructed moose. 

The results of these experiments were then tested statistically, and show far less 

significant variation than would be expected. This suggests that, within limits, functional 

effectiveness is not the ruling criteria in the choice of projectile point forms. Alternative 

possibilities are suggested. 
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INTRODUCTION 

This paper describes an experimental study designed to test the fhctional properties 

of projectile points. It is the thesis of this paper that the form of a projectile point and the 

material fiom which it is made are associated with its function, are interrelated. Therefore 

it might be possible to determine the probable function of a point, the optimal way in 

which it was used (or at least intended to be used) for hunting, through the form or 

structure of the point. Since projectile points are common items in prehistoric 

archaeological sites, such information might eventually be usefbl in the interpretation of 

the archaeological record. 

Hunting is a universal activity among preagricultural societies (Lee 1968: 46-48). It 

is true that amongst most of these societies hunting is not the primary source of calories. 

The !Kung San who have been well studied, derived only 3 1% of their caloric intake fiom 

hunting, while gathering vegetable matter accounted for the other 69% (Lee 1984: 54). 

This seems to be fairly average for hunter gatherer societies. Only those that live north of 

60" Latitude in environments that are poor in plant resources tend to get more than half of 

their subsistence fiom hunting (Lee 1968: 42-43). 

This should not be taken as an indication that hunting is unimportant to these 

societies. Data derived %om Murdock's Ethnographic Atlas shows that out of 58 foraging 

societies, all derived at least 10% of their subsistence fiom hunting, while two northern 

groups were able to subsist with out any dependence on gathering plant material at all 

(Lee 1968: 48). 



Furthermore, meat seems to have a special importance, since it is the most highly 

valued foodstuff. "I;he Bushmen of the Dobe area eat as much vegetable food as they 

need, and as much meat as they can. " (Lee 1968: 4 1). Indeed meat is so highly prized 

that it is central to the practice of sharing. Sharing is an institution that not only allows for 

the equitable distribution of resources, but it creates and enforces social bonds that 

contribute to the cohesion and survival of the group as a whole (Lee 1984: 55). 

Hunting is also important for several reasons beyond the procurement of food. 

Animals provide many material resources that cannot easily be duplicated in the plant 

kingdom. Items such as hide, horn, antler, bone, teeth, whiskers, sinew, pericardium, 

stomach, intestines, brain, etc. are remarkably useful but without floral analog. Utilization 

of such resources varies between peoples (Laughlin 1968: 3 11). Without these resources 

life would be very difficult indeed. Thus hunting is far more important economically than 

might be assumed by the mere procurement of foodstuffs, and its effect on the long term 

survivability of a people is profound. 

It should also be noted here that hunting has certain hazardous and fateful qualities 

that make it an activity that is not to be taken lightly. A great deal of care and skill is 

needed in order to get close enough to an animal to shoot at it, between 10 and 25 meters 

with a bow Friis-Hansen 1990:494; Pope 1962: iii-iv; Lee 1979: 217). Furthermore if 

the first shot is not successfd, one seldom gets a second chance. The target animal may 

bolt and run, or it may turn and attack (Steward 1968: 326). Even 'gentle' herbivores can 

become extremely dangerous when they are threatened or enraged, and not a few hunters 

have fallen victims to their prey. 

Thus it can be seen that hunting is not just a subsistence activity, but has deep social 

and economic effects that affect the entire society. 



. . . in contrast to carnivores, human hunting, if done by males, 
is based on a division of labor and is a social and technical 
adaptation quite different from that of other mammals. Human 
hunting is made possible by tools, but it is far more than a technique 
or even a variety of techniques. It is a way of life, and the success 
of this adaptation (in its total social, technical, and psychological 
dimensions) has dominated the course of human evolution for 
hundreds of thousands of years. In a very real sense our intellect, 
interests, emotions, and basic social life - all are evolutionary 
products of the success of the hunting adaptation. (Washburn and 
Lancaster 1 968:293) 

Thus we can see that hunting is a 'critical' activity because it is dangerous, difficult, 

and the results of failure can be devastating to the group. "Hunting has placed a premium 

on inventiveness, upon problem solving, and has imposed a real penalty for failure to solve 

the problem." (Laughlin 1968 :304). In such a situation one depends very heavily on the 

effectiveness and reliability of the technology that is being used for the hunt. 

There are many strategies and technologies that can be used to success~lly hunt 

game. In a review of the subsistence technology of 36 aboriginal peoples, 20 of them 

foragers, Oswalt identified over a thousand items of material culture used in hunting and 

fishing (Oswalt 1976). Hunting game can be either active or passive. Passive hunting 

technology includes untended traps such as snares, pitfalls, deadfalls, impaling spikes, etc. 

Tended traps include blinds, bated traps, surrounds, decoys, disguises, and musical 

instruments to drive game. 

Weapons used to hunt animals on land include simple throwing sticks, spears, atlatls 

and darts, bows and arrows of different kinds, blowguns, slings and shot, lassos, and bolas 

(Oswalt 1973, 1976; Lustig-Arecco 1975). Of all these technologies the bow and arrow 

were the most commonly used, with examples coming from most of the cultures studied. 

Most of these societies also had a number of different types of arrow, designed for 

different purposes. Snares and deadfalls were the next most commonly used tools for 

hunting. 



This is interesting, because these are the tools that Lee found were most commonly 

used by the !Kung San. Besides their tools of the hunt, the !Kung San also use dogs to 

help them flush out game, and they use poison to make their arrows more effective. Most 

important of all, hunting is a social activity. Three or four San men will often hunt and kill 

game together. Even when not hunting, San men (and women) will spend endless hours 

talking about it, sharing stories, insights, and information. (Lee 1979: 210) 

The !Kung San have 4 distinct methods of hunting: snaring, hunting underground, 

hunting small game, and hunting big game. Snares were used mostly by young boys and 

old men. Although they were successfL1, yielding 61% of the kills, the animals were small 

and only accounted for 20% of the meat consumed by the group. Hunting underground 

involves the unusual technique of going after large burrowing animals in their lairs and 

spearing them or driving them out. The !Kung San use dogs for hunting small game, 

usually finishing the prey off with a club. Hunting big game is often done in groups. No 

attempt is made to kill the animal outright, rather, poisoned arrows are used to weaken 

and kill the animal. The poison works over a period of 6-24 hours, and the game is 

allowed to wander away, to be tracked again later. This is not a very efficient hunting 

method because it has been estimated that 50% of the game shot this way escape and are 

not eaten. Never the less, over 50% of the meat eaten by the !Kung San comes from big 

game hunting (Lee 1979: 205-223). 

Of course the !Kung San should not be taken as representatives of all foraging 

societies - they are not. But the degree of their dependency on hunting for subsistence 

does seem to be quite average, and thus they provide a good baseline for study. 

On the basis of this information it appears that projectiles such as arrows and spears 

are not only the most common hunting tools cross culturally, but they may also account 

for the majority of the meat taken by a group because they can be effectively used against 



larger animals. In this case the choice of projectile point may be of critical importance not 

only to the success of the hunt, but also to the survival of the gr6up. 

The question then arises as to why a society will consistently choose a particular 

type of projectile point (or points) over other possible forms? The archaeological record 

is full of possibilities, and different cultures living in close proximity to each other may 

choose radically different kinds of points. How are these choices made? 

One answer to this, of course, is cultural tradition. People continue to manufacture 

and use a point because it is their habit to do so, and it takes far less effort to use 

something that one is familiar with than to experiment with something new. We must 

also consider however, that a point is used because it works. No cultural tradition will last 

for long if it continues to hold on to critical technology that is ineffective or inadequate. 

"Since tools are created and employed to satis@ a perceived need and to accomplish tasks 

which would themselves be susceptible to selective pressures, then an optimal technology 

would be favored and would persist." (Torrence 1989: 2). Furthermore "Observations by 

anthropologists suggest that primitive hunters are similarly rational in the area of 

technology in that they make and use well-crafted, carehlly designed tools." (Bleed 1986: 

738). Thus we can see that a culture will continue to make and use a particular form of 

projectile point because it works effectively for the task that it is intended for, given the 

constraints under which it is used. 

This last point is important, because it gives us an opportunity to account for the 

variation in point form found from culture to culture and time to time. If all points were 

used in exactly the same way, then we would expect that they would all look the same 

(assuming that there is some optimal form for doing the job), but since this is not the case 

we may assume that they are not all used in the same way. In order to answer our 

previous question on why a particular point form is chosen, we must understand the 



constraints under which that choice was made. Some of the most common constraints 

are: 

-Availability of raw materials 

-Type of game being hunted 

-Hunting strategy being employed 

-Degree of technological sophistication available 

-Habitation 1 movement patterns of the society 

-'Wealth1 or abundance of the society, i.e. leisure time vs. immediate need. 

Information on some of these constraints is fairly readily available in the 

archaeological record. For some of them, however, information is ofien not available, e.g. 

for hunting strategies, or the kind of game. Yet we still have the points. Given a 

particular point, can we extrapolate back to what the hunted animal was or what the 

hunting strategies were, or most likely might have been? If we can, we will be able to say 

far more about early man and his hunting behavior than is presently possible. 

Over the years a great deal of work has been done on the classification of projectile 

points, based on formal characteristics (for example Van Buren 1974; Hoffman 1985). 

"Despite the considerable attention that archaeologists have given the formal and 

typological aspects of prehistoric projectile points, relatively little research has been done 

concerning their hnctional aspects." (Ode11 and Cowen 1986: 195). 

Some good early studies were done by Saxton T. Pope in the first quarter of this 

century. Mr. Pope studied bow and arrow manufacture and archery techniques with Ishi, 

the last of the Yahi Indians (Pope 1918). He went on to do comparative experiments with 

various ethnic bows and arrows for museum collections. Most of his penetration tests 

were into paraffin wax blocks, which are difficult to relate to the real world. He also used 

various test points when hunting big game with a bow and was able to conclude that "A 



steel broadhead arrow, shot from a strong bow, can pass entirely through a large animal 

and produce instant death." (Pope 1962: 63). He also noted that "Obsidian arrow points 

penetrate animal tissue better than steel points the same size." (Pope 1962: 63). Much of 

Mr. Popes work was well thought out for the time, but it was quite general and lacked 

statistical rigor. 

In the following years little experimental work was done or reported, and what was 

done was generally anecdotal (e.g. Brown 1938, 1940). In 1943 Paul Klopsteg worked 

out most of the physics of bow and arrow performance. On the topic of arrow penetration 

he wrote: 

A hunting arrow with a properly sharpened head and 
weighing in the neighborhood of 0.07 to 0.10 lb., with a kinetic 
energy of 50 to 60 fl lb., has very little shocking power but 
amazing penetration. It will completely penetrate almost any 
large game animal. Since for a given resisting force, depth of 
penetration varies directly as the kinetic energy of the arrow, it is 
better to use a heavy rather than a light shaft with a given blow. 
The reason is, as was shown previously, that the heavier arrow 
takes more of the available energy from the bow than does a light 
one. (Klopsteg 1943 : 190) 

In the last few decades there has been a gradual increase in the amount of 

experimental and statistical work done on projectile technology. This includes improved 

comparative studies of bow and atlatl performance (Bergman, McEwen and Miller 1988; 

Raymond 1986; Miller, McEwen and Bergman 1986; McEwen, Miller and Bergman 

1991), the differentiation between atlatl darts and arrowheads in the archaeological record 

(Thomas 1978; Flenniken and Raymond 1986; Thomas 1986b; Shott 1993), and the 

replication of distinctive projectile points (Flenniken 1978). Design functions such as 

maintainability and reliability have been applied to projectile points to help understand 

behavior (Bleed 1986; Myers 1989). Knecht (1994) has examined the material properties 

of bone and antler as applied to the manufacture and use of projectile points. 



Experimental studies have been done to show the wear patterns that result from use as a 

projectile (Barton and Bergman 1982; Fischer, Hansen and Rasmussen 1984; Odell 1986; 

Geneste and Plisson 1993), or to show that many prehistoric points showed use wear not 

associated with projectile function (Ahler 197 1 ; Odell 1988). 

While these are all valuable studies, dealing with different questions about 

projectiles, none have directly addressed the question of relative effective performance 

between different projectile point types. Odell and Cowan's 1986 study came closest of 

those listed. They tested 80 chert projectile points, half of which were bifacially worked 

while the rest were unretouched or nominally retouched flakes. Half of each group were 

mounted as arrows and the remainder were mounted as spear heads. Each point was shot 

into the carcass of a dog, and then removed for use wear study. The authors noted as an 

aside, that the bifacial points tended to penetrate more deeply and were less likely to 

bounce off the target than were the flake points. They were also easier to haft and were 

more likely usable for other purposes. Flake points on the other hand were easier to 

manufacture and had use lives equal to the bifacial points (Odell and Cowan 1986 ). 

Thus Odell gives some interesting insights into possible differences in performance 

between bifacial points and flakes, but it is not clear if these differences are really 

significant. The experiments were not well controlled with regards to delivery, 

penetration, or damage by the projectiles. 

The study closest to a true analysis of hnctional effectiveness of projectile points 

was done by Friis-Hansen (1990) when he attempted to calculate the relative ability to 

penetrate into an animal using a 'cutting efficiency index'. 

The kinetic energy of the arrow is absorbed by elastic and 
plastic deformation of the target. First the head moves the hide a 
little inwards; then it penetrates and cuts an opening, allowing the 
shaft to pass through. Secondly, the head cuts through flesh and 



organs and makes room for the embedded part of the shaft. 
When not hitting bone, resistance to an arrow's penetration into 
the prey arises from drag on the head and on the embedded part 
of the shaft.. . 

Deepest penetration is obtained when the broadhead has 
cut a sufficiently wide wound to let the shaft pass with little 
friction - when the arrowhead has 'cut the shaft free'. (Friis- 
Hansen 1990: 498) 

Using this information, Friis-Hansen calculated the relative ability of a point to 

penetrate a target based on ratios of the proportions of head and shaft. He then applied 

this calculation to a number of modern, ethnographic and archaeological samples. 

Surprisingly, he found that the Mesolithic cutting arrows he was studying had excellent 

cutting indexes, as good as anything short of a modern steel point. 

Noting that considerable changes occurred in the game that was hunted during the 

Mesolithic, and that a succession of new point forms appeared. The study concludes that : 

In these four Mesolithic main classes, no hnctional 
correlation beyond the cutting capability seems to appear between 
the type of beast and the type of arrowhead. 

If cutting ability is the most important hnction, as 
advocated, shape, form, and style have changed without influence 
upon the consistently high hnctional level, and improvement of 
efficiency cannot have been the cause of changing the arrowhead. 
(Friis-Hansen 1990: 503) 

This is a very important conclusion, for it suggests that changes in projectile point 

form may be devoid of hnctional significance, and as such it runs counter to the 

expectations of this thesis. Unfortunately, Friis-Hansen did not run experiments to test the 

validity of his conclusions. 

Once again, the basic question in this study is: "Why did aboriginal peoples chose 

certain forms or materials for their projectile points over other possibilities?" If a hunter 

has the intent of hunting a particular type of game, or hunting it in a particular way, he will 



choose or make a point which will be optimally effective for his intended use. 

Furthermore the material used to manufacture the point will reflect the best material for 

the job, within the limits of availability, and considering such factors as breakage, curation, 

and cost. Therefore it might be possible to determine the probable use of a point, --the 

way in which it could most effectively be used--, through an analysis of the form or 

structure of the point and the material fiom which it is made. 

A key issue here is the evaluation of effectiveness. What criteria should be used to 

determine if the performance of a projectile is 'effective' or not in a given situation? Since 

this question is of interest not only to archaeologists but also modern hunters, doctors, law 

enforcement officials and military types, a great deal has already been written about it in 

all manner of books and journals. Unfortunately most of the literature is confused, 

contradictory, unscientific, and misleading (Wolberg 1993 :4 1). 

Recently the U.S. Federal Bureau of Investigation, under the pressure of real world 

necessity, has undertaken extensive multidisciplinary studies to determine firearm 

effectiveness. Their primary concern is the rapid incapacitation of the target. This is best 

achieved through either the disruption or destruction of the central nervous system 

(striking the head or the spine), or through the rapid and massive loss of blood, thus 

starving the brain of oxygen or causing hypovolemic shock (FBI 1992:2; Fackler 1993 : 13; 

Wolberg 1993: 43-44). No other wounds can be certain of incapacitating the target. 

In order to achieve such effects it is necessary to hit the target in either the head or 

spine for a Central Nervous System injury, or in the chest cavity (specifically the heart or 

aorta) to cause sufficient blood loss. It is also necessary to penetrate deeply enough into 

the body to injure the target organs. Thus the criteria of placement and penetration are 

central to the analysis of projectile effectiveness (Davis 1993 : 19; Fackler 1993 : 16; Fincel 

1993:56; Wolberg 1993: 44). It should be noted that "tissue damage and incapacitation 



are not necessarily synonymous" (DiMaio 1993:25). Rather it is the damaging or 

destruction of certain critical organs that leads to incapacitation and death. Increasing the 

size of the wound by using a larger projectile is also helpful in increasing effectiveness, but 

only after proper placement and minimum penetration have been achieved (FBI 1992:2). 

By increasing the size of the wound, the projectile is more likely to damage a critical 

organ. 

The FBI has established that a consistent minimum penetration of 12 inches into a 

human target regardless of the angle of impact or intervening obstacles is necessary in 

order to be confident of incapacitation. Eighteen inches is preferable (FBI 1992:2). This 

criterion should hold regardless of the size, speed, or nature of the projectile. 

The FBI study is designed to meet their own unique law enforcement needs, but the 

principle of effectiveness should hold well when applied to hunting animals, even when 

using spears or arrows. Rapid incapacitation and death of the prey animal is desirable for 

several reasons. If it is not incapacitated, a wounded animal may escape, and even if the 

wound is ultimately fatal it may die in an inaccessible place. Wounded animals can also be 

very dangerous, turning on their attackers. I have also been told by several hunters that if 

the animal does not die quickly, its meat may be ruined by the build up of insulin. 

Placement of a projectile is a function of the skill of the hunter, and is not a part of 

this study. Penetration however may be affected by the various characteristics of the 

projectile point and thus is amenable to scientific study. For use in this study, the FBI 

criteria of 12 inches minimum penetration is not usehl, considering the wide variety of 

animals that are hunted by man. It seems a little extreme for hunting rabbits, but would 

probably be woefully inadequate if applied to woolly mammoths. Thus there can be no set 

level of minimum penetration, but comparison of the depths of penetration of different 



kinds of point under controlled circumstances may yield an appraisal of their relative 

effectiveness. This is to be done through a series of experiment's. 

Experimental Research 

This project will compare the effectiveness of various kinds of projectile points 

under controlled conditions. Points will be manufactured in a number of common forms, 

from some of the more commonly used raw materials. They will then be tested against 

some 'typical' targets with distinctive characteristics, and delivered at controlled levels of 

force. Effectiveness of the point will then be determined for those conditions based on the 

depth of the wound and the amount of damage that is done. The experiments will be 

repeated as often as possible in order to build up a sample to be tested for statistical 

significance. 

Having once accumulated copious quantities of data, what should be done with it? 

In this case, the analysis of the data should be a fairly straightforward - if lengthy - 

process. Basically the information will be examined to see if the performance of the 

various forms of projectile point are statistically, significantly different from each other, 

and in what areas and in which ways these differences occur (or in some cases, do not 

occur). 

A number of different hypotheses need to be tested, and in each test a 

number of variables will need to be controlled for. The hypotheses to be tested are as 

follows: 

1. Different types of projectile point will penetrate the 

target to a different depth than the others. 

2. The total size of the wound and resulting damage 

to the animal will differ among types. 



3.  The ability to penetrate through ribs or skull 

will be significantly different for each type of 

point. 

4. The degree to which the point imbeds or adheres to 

the target will vary with each type. 

5 .  The survivability of each type of point will vary 

from that of each other. 

6.  The degree to which a point wears will vary fiom 

type to type. 

7. The ease with which a point may be repaired or 

maintained will vary with each type. 

The above hypotheses were written as tests for the effectiveness of the various types 

of projectile points. In this case 'type' can mean several different things: 

- The form of the projectile point. 

- The material that the point was made fiom. 

- The size or mass of the point. 

Indeed, each of the hypotheses listed above will have to be tested against each of 

these factors. 

Other factors are also important although they do not apply to all of the tests listed 

above. The first four hypotheses will also be tested against the following : 

- Each level or force of impact. 

- Each type of target. 

In order to test these hypotheses, it will be necessary to compare the 

various samples in order to determine if there are significant differences between them. 



Thus the obvious analytical design is the Analysis of Covariance or ANCOVA. ANCOVA 

tests to see if the adjusted means between two samples are the same, thus it tests the null 

hypothesis: &: p1= p2 = . . . = p~ . In this study ANCOVA will be used to determine if 

the adjusted sample means for the interval dependent variables such as depth or damage 

are the same between nominal control groups such as form or material. The use of 

ANCOVA is prefered in this case over simple ANOVA or regression/correlation analysis 

for several reasons. First, it is a more powerful technique in that it has smaller within 

group variance, allowing for clearer distinctions between groups. Secondly, the use of a 

covariate "reduces the bias that may be caused by pretreatment differences between 

groups." (Huitema 1980: 13). In this case ANCOVA will reduce the bias that occurs due 

to the use of different levels of force throughout the experiments. By adjusting for such 

bias, ANCOVA allows the use of larger sample sizes than would be possible with simple 

regression analysis. 

ANCOVA works by comparing the distributions of scores around the regression 

lines for each sample. As such it is vulnerable to error when the slopes of the regression 

lines are different. If the slopes are not homogeneous, then differences between sample 

means will appear to be greater than they really are, thus leading to a higher probability of 

differences appearing to be significant. If such a circumstance occurs, then one cannot 

make meaningfbl statements about significant differences between populations. On the 

other hand, if the ANCOVA concludes that the samples are the same, despite 

heterogenous slopes, then this conclusion is relatively safe since any differences between 

the samples will have been exagerated. 

Finally, in order to place the results into a context that would be meaningfbl to a 

hunter using this kind of technology to bring down game, the analysis of the data will 

attempt to answer the following specific questions: 



- When is it better to use a wooden point rather than a stone point? 

- When is it better to use a stone point? 

- How does fire hardening wooden points affect their performance? 

- What is the best use for each style or form of point, based on their 

ability to penetrate, and cause damage? 

- AAer penetrating, are different points more or less likely to remain in 

the prey? 

- Given different types of target animal, ( a small pig vs. a large moose 

for example ) which point would be most effective? 

- What are the strengths and weaknesses of each kind of material, with 

regard to penetration, breakage, repair, etc.? 



CHAPTER 1 

METHODS AND MATERIALS 

In order for this experiment to yield meaningful results, it will be necessary to 

control for a number of important variables. These variables include: 

- Form or structure of the projectile point 

- Material that the point is made fiom 

- The size of the point ( i.e. its cross sectional area) 

- The weight of the projectile 

- Edge angle of the point 

- Type of target 

- Kinetic energy of the point as it strikes the target. 

These are referred to as independent variables since their values change according to 

experimental design or the whim of the experimenter rather than as a result of 

experimental activity. Dependent variables are those that result either directly or indirectly 

from the effects of the independent variables in the experiment. The judgment as to the 

effectiveness of each point will be based on the resulting values of the dependent variables. 

These include: 

- The depth or degree of penetration into the target, 

- The damage done to the target, based on the area that is cut, 

- The survival rate of the point. 

Another extraneous variable also exists in this study: 

- The force used to propel the projectile into the target. 



Throughout much of the analysis, force is used as a covariate, that is, results of the 

experiments are adjusted according to the level of force that was applied. In this way slow 

shots with a low kinetic energy are not compared directly with those that have a much 

higher kinetic energy. 

It should be noted here that other factors as listed earlier in this paper may also act 

as confounding variables on the use of a point in the real world. Projectiles may be used 

opportunistically if game suddenly appears and a more appropriate point is not available. 

Critical resources such as a source of poison or good stone may not be available, and thus 

the points used will be less than optimal. 

While confounding variables such as these are recognized, they do not apply to the 

immediate experiment. Such issues must be dealt with through the archaeological and 

ethnographic records. It is the purpose of this experiment to provide information that will 

be of use in the interpretation of archaeological assemblages by removing or reducing the 

effects of some of the confounding variables that are of a more technical nature. 

POINTS 

A general list of the variables that must be controlled or tested for in this experiment 

has already been given. The specific characteristics that were chosen for the projectile 

points are as follows: 

Material: Wood: Birch (a representative soft wood) 

Maple (a representative hard wood) 

Fire hardened Birch 

Fire hardened Maple 

Obsidian (for its fine flaking characteristics) 

Flint ( same ) Knife River, North Dakota. 

Stone: 



Chert ( same ) Onadoga, Ont. 

Basalt ( a medium quality stone for tools) 

Slate (for ground stone points) 

Steel: One hunting tip as a control standard 

Form: Large triangular point ( a spear head) 

Medium triangular point ( large arrowhead or dart point) 

Small triangle ( arrow head) 

Lanceolate (long point with parallel sides) 

Serrated ( triangular point with notched edges (Dalton pt.)) 

Leaf shaped ( long and narrow (Agate Basin pt.)) 

Microblades 

These various shapes are not all compatible with the materials listed above, so only 

the following points were produced: 

Thirty three distinct types of point were used in this experiment. Those points 

marked with an xxx in the table above were used throughout the experiment, and were 

shot into each of the targets used. Those marked with a single x were used in a later 

Material Point Form 

Bich 

F i  Birch 

Maple 

Fired Maple 

Obsidian 

Flint 

Chert 

Basalt 

Slate 

Steel 

Table 1. Projectile point types used in study 

large triangle 

XXX 

X 

XXX 

X 

XXX 

small triangle 

XXX 

XXX 

X 

XXX 

XXX 

med triangle 

XXX 

XXX 

X 

XXX 

XXX 

XXX 

lancedate 

XXX 

XXX 

XXX 

XXX 

serrated 

XXX 

XXX 

X 

X 

X 

leaf 

XXX 

XXX 

X 

X 

X 

micro 

XXX 

XXX 



sequence designed to balance the experimental design. These points were only shot into 

straw bales. In all cases, each point was used until it was brokeri, lost, or otherwise 

unusable, and then it was replaced with a duplicate. Anywhere from one to five individual 

points were used for each of the types listed above. A more complete listing of the points 

used can be found at the end of this chapter, and a complete description of each point is in 

Appendix G. 

The stone points were hafted onto maple dowels 36 inches long. Of necessity the 

shafts varied in diameter according to what was necessary to accommodate the point. 

This meant that the larger points had correspondingly large shafts, and this contributed 

significantly to the overall mass of the projectile. The wooden points were simply carved 

on the ends of dowels of appropriate material. All of the wooden shafts were left without 

any fletching. The steel point was mounted on a commercially produced aluminum shaft. 

TARGETS 

Ideally the best targets for this experiment would be the carcasses of recently dead 

animals, preferably game animals. After extensive inquires with numerous likely sources, 

it became clear that this option was not available. Alternatives had to be found. 

The standard media used in testing firearm ballistics is 10% Ballistic Gelatin (Kind & 

Knox 250-A), mixed by weight. The gelatin is formed into blocks about 6 inches square 

and 16 inches long and stored at 4 degrees Celsius (FBI 1992:2). When properly used, 

this media closely approximates human tissue. 

Numerous problems however made this option unacceptable. Normally each gelatin 

block can only be used once and the expense of producing almost 600 blocks was 

prohibitive. Temperature control is critical since the penetration of the blocks changes 

significantly with temperature (each block must be used within 20 minutes of being 



removed from the refrigerator) (FBI 1992:2). The necessary refrigerator space was 

simply not available. While the gelatin blocks may mimic average human tissue density, 

they do not reflect the considerable differences that occur between various organs and 

tissues. Furthermore it has not been established that the tissue density of various game 

animals is the same as that of humans. Finally it is difficult to account for the effects of 

bone (especially ribs) when shooting into a gelatin block. For these reasons it was decided 

not to use ballistic gelatin. Three other alternatives were used instead. 

1. Straw bales were needed as a protective backdrop to the tests, and it was decided 

to use these as a basic control for the depth of penetration of the points while they were 

controlled for speed and force of delivery. These worked quite well except that the bale 

strings had an annoying habit of getting severed by the arrows. 

The bales were large ( 115 cm. x 60 cm. x 40 cm.) and weighed 36 kilos. The straw 

was densely packed and provided a good target medium. Unlike gelatin however, the 

bales did not have a uniform consistency or density. Thus occasional 'soft spots' may have 

skewed some of the results. The bales were periodically changed and rotated to prevent 

them from becoming 'worn out'. 

2. A headless suckling pig was purchased form the local butcher, to serve as the 

only nearly complete body for the experiments. The pigs entrails had been removed and it 

had been frozen for some time. At the time of the experiments the body had been 

completely thawed and returned to room temperature. This provided a good example of a 

medium sized target animal, and had the added advantage of being hairless, allowing better 

comparison with the heavily fbrred hides used later. The pig was about 1 meter long from 

neck to tail. The rib section which was the prime target area, was about 30 cm. long by 

20 cm. deep and 3 to 4 cm. thick. The ribs were fairly small, about 1.5 cm. in diameter 



and well spaced. When the first side of the pig was too fill of holes it was rotated to 

provide a fresh side for the remaining shots. 

3. A moose hide, previously salted but otherwise untreated, was cleaned and 

attached to a rack of pork short ribs. This served as a simulation of a large, heavily firred 

and thick skinned game animal. The hide and ribs were then attached to the straw bales to 

provide a protective backdrop for those arrows that managed to penetrate. The moose 

hide itself was 0.3 cm. to 0.42 cm. in thickness while the fir, even when pressed down, 

added another 6.0 to 7.0 cm. to the thickness. The pork short ribs were in a solid slab 

about 40 cm. by 22 cm. and 6.5 to 12 cm. thick (average thickness about 7.5 cm.). The 

ribs themselves were very thick (about 3 cm. on average) and broad. About 80% of the 

surface area of the target was underlain by rib, allowing very little opportunity for points 

to penetrate through. It was not necessary to rotate this 'simulated moose'. 

BOW AND SETUP 

In order to control the amount of force that was applied with each shot at a target, a 

recurve bow with a draw weight of 50 pounds and draw length of 26 inches was 

purchased. A scale was used to help determine the draw lengths for 20, 30, 40, and 50, 

pounds of force. Each arrow was then marked at these regular intervals to allow for 

standardized control of the amount of force applied with each shot. The arrows could 

then be drawn to a predetermined level of force before being released. 

Shots at the targets were taken at a distance of only six feet. This was in order to 

maximize accuracy and to minimize the loss of energy over distance. In this way, although 

the bow was only rated for 50 pounds, it could simulate a much more powerfbl bow 

shooting from a longer distance. There is however, no way to quantify this effect fiom 

these experiments. 



EXPERIMENTAL SEQUENCE 

The first stage of the experiment was primarily for establishing controls and 

standards. Each arrow was shot into a bale of straw at a predetermined level of force. 

The depth to which the arrow penetrated into the bale was measured and recorded. This 

was repeated two to four times for each arrow at each of the four levels of force 

previously established. As the arrows were shot at the bale , they passed through an 

"Archery Speedtach" which gave an accurate measure of their speed. This speed, 

combined with the known mass of the projectile was used to calculate the kinetic energy 

of the arrow as it moved to its target. 

In the second stage of the experiment, the "Speedtach" was removed for its own 

safety and the pig was attached to the straw bales as a target. Again each arrow was shot 

into the target and its depth of penetration recorded. Only one shot was taken at each 

level of force. This provided a much smaller sample size than desired, but was necessary 

due to the limitations of the pig. Even at only one shot per level of force from each arrow, 

the pig was shot 83 times in the chest, leaving it too riddled with holes for hrther use. A 

few shots were taken into the shoulders and haunches, but these proved too dangerous to 

the fragile stone points due to the high probability of serious bone impact. 

In the next stage of the experiment each arrow was once again shot once at each 

level of force into a 12" x 18" slab of pork short ribs covered with a moose hide. 

Measurements proceeded as before. Once again the target was used up by the procedure, 

but this time many of the points had also met their demise on the large rib bones in the 

artificial 'moose side'. Even the steel hunting point was rendered useless by an impact with 

a rib. 



Rather than repeat this procedure and loose the rest of my points, another sequence 

of shots was taken at a fresh moose hide without the pork short ribs as a backing. (The 

hide was placed firmly against a straw bale to provide support). This time only force 

levels of 40 and 50 pounds were used, as the previous sequence had shown that moose 

hide is impervious to lesser forces. Records were kept as before. 

DATA COLLECTION 

For each shot (case) the following information was recorded: 

- Shot number 

- Point ID. no. 

- Material of point 

- Shape and size of point 

- Weight of point 

- Length of point 

- Width of point 

- Thickness of point 

- Edge angle of point 

- Mass of overall projectile 

- Target material 

- Force of shot 

- Speed of arrow (in some cases) 

- Depth of penetration 

- Damage to the point, and possible repairs 

- Other comments as seemed necessary. 



From the information provided above, three further pieces of information 

were calculated: 

- Kinetic energy of the projectile 

- Area of damage done by the point in the target. 

- Cross sectional area of the point, perpendicular to the direction of 

flight 

Pt. 
1 .  

2. 
3 .  
4. 

Material 
Steel 

5. 
6. 
7. 
8. 

1 12. 1 Slate I Large triangle I spear point I 

Obsidian 
Flint 
Obsidian 

9. 
10. 
11 .  

1 13. 1 Birch I Lanceolate I 

Form 
Medium triangle 

Obsidian 
Basalt 
Flint 
Obsidian 

Comments 
commercial hunting point, as a 

Large triangle 
Small triangle 
Small triangle 

Flint 
Flint 
Obsidian 

control. 
spear point 
side notched arrow head 

Medium triangle 
Medium triangle 
Serrated (MT) 
Serrated (MT) 

14. 
15. 
16. 
17. 

very dull edge 
Dalton point 
Dalton ~ o i n t  

Medium triangle 
Leaf shaped 
Leaf sha~ed 

18. 
19. 
20. 
21. 
22. 

1 27. ( Slate ] Serrated (MT) j 

Hama point 
Agate Basin point 
Agate Basin ~ o i n t  

Fired Birch 
Maple 
Fired Maple 
Slate 

23. 
24. 
25. 
26. 

Lanceolate 
Lanceolate 
Lanceolate 
Medium triangle 

Obsidian Birch 
ObsidianIMaple 
Chert 
Slate 
Basalt 
Chert 
Chert 
Basalt 
Chert 

Micro blade 
Micro blade 
Large triangle 
Sniall triangle 
Small triangle 
Small triangle 
Medium triangle 
Serrated (MT) 
Serrated (MT) 

blades placed in groove 
blades placed in slot cut through shaft 
spear point 
arrowhead 



1 3 1 .  1 ~ a s a l t  I Large triangle I 

Leaf 
Leaf 
Leaf 

28. 
29. 
30. 

Chert 
Basalt 
Slate 

32. 
33. 

r 

Table 2. Brief description of points used in the experiment 

Flint 
Chert 

Large triangle 
Large triangle 



CHAPTER 2 

RESULTS 

In total, 592 data cases (shots) were collected. Appendix I contains the full listing 

of data recorded. Because of the large number of variables under consideration and their 

interrelations, even a summary presentation of the data can be quite lengthy. The 

following is a selection of results on certain variables. 

Figure 1 refers to the control section of the experiment, when measurements were 

taken of the velocity and mass of each projectile, and this was used to calculate the kinetic 

energy of each shot (in joules) using the formula: e = 112 m * v2 (where e = kinetic 

energy, m = mass, and v = velocity). The graph illustrates the relationship between the 

kinetic energy of the projectile and the depth of penetration into a dense straw bale. Four 

clusters of points can be seen, which correspond to the four levels of force (draw weight) 

that were used to shoot the projectiles. 



ENERGY in Joules 

Figure 1.  Depth of Penetration vs.Energy, for all points, into Straw 

Figure 2 shows a summary of the depths of penetration for each point, against all 

targets and at all levels of force. The points are listed by number, and an explanatory 

listing is provided at the end of the previous chapter. 



POINT 

Figure 2. Summary of Depth of Penetration for all points 

Figure 3 shows similar information, but this time the amount of damage done 

(calculated as the depth of penetration times the width of the projectile point, giving an 

area that has been cut, in square millimeters) is illustrated for each point. More interesting 

patterns begin to appear at this point. The wooden points as a whole are quite noticable 

for their low rate of damage. The modern steel hunting arrow on the other hand shows 

high levels of damage. The Large Triangular points (numbers 2, 12, 3 1, 32, 33), also stand 

out as a group capable of considerable damage. 
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0 5 10 15 20 25 30 35 

POINT 

Figure 3. Summary of Damage done by all points 

In order to more fklly understand the performance of these points, it is necessary to 

separate the variables for material and form. Tables 3 to 5 give the descriptive statistics 

for the depth of penetration of different point forms into straw bales, pig ribs, and 

simulated moose respectively, disregarding the effects of kinetic energy or force. 

The abbreviations used across the top of these tables are: 

LT Large Triangle 

MT Medium Triangle 

ST Small Triangle 

SR Serrated Edge 

LF Leaf Shaped 

29 



Lanceolate 

Microblade 

Table 3. Depth of Penetration into Straw 

STATISTICS 

No. of Cases 

Minimum 

Maximum 

Mean 

Standard Dev. 

Median 1 114.00 1 144.00 1 147.00 / 179.00 1 167.00 1 102.00 1 133.00 

POINT FORM 

STATISTICS 

No. of Cases 

Minimum 

Maximum 

Mean 

Standard Dev. 

Median 

LT 

54 

0.00 

306.00 

117.87 

67.24 

STATISTICS 

No. of Cases 

Minimum 

Maximum 

Mean 

Standard Dev. 

Median 

Table 4. Depth of Penetration into Pig Ribs 

POINT FORM 

MT 

9 1 

0.00 

398.00 

143.20 

82.54 

Table 5. Depth of Penetration into Moose 

POINT FORM 

LT 

8 

0.00 

248.00 

78.88 

84.54 

44.00 

ST 

56 

49.00 

389.00 

161.14 

81.85 

LF 

8 

0.00 

102.00 

32.62 

38.97 

20.00 

MT 

24 

0.00 

344.00 

89.79 

86.70 

66.00 

LN 

17 

0.00 

205.00 

81.29 

64.46 

85.00 

LT 

12 

0.00 

0.00 

0.00 

0.00 

0.00 

LN 

32 

0.00 

302.00 

175.63 

75.81 

MB 

8 

0.00 

331.00 

120.63 

142.69 

35.00 

ST 

4 

78.00 

278.00 

176.50 

112.07 

175.00 

SR 

8 

28.00 

280.00 

143.00 

88.67 

146.50 

MT 

16 

0.00 

122.00 

24.94 

42.97 

0.00 

LF 

14 

0.00 

330.00 

111.50 

93.67 

92.5 .. 

ST 

12 

0.00 

240.00 

41.33 

70.42 

0.00 

SR 

44 

24.00 

333.00 

157.00 

82.24 

SR 

4 

0.00 

164.00 

56.25 

73.86 

30.50 

LN 

16 

0.00 

218.00 

26.00 

57.73 

0.00 

MB 

9 

0.00 

108.00 

19.56 

40.07 

0.00 

MB 

15 

0.00 

235.00 

120.87 

67.19 

LF 

72 

34.00 

290.00 

138.57 

57.63 



Figure 4 shows a summary of the data for mean depth of penetration fiom the 

previous tables. Here it can be seen that the Lanceolate points perform quite well when 

shot into straw, but their penetration drops off drastically when used against tougher 

targets, more so than any other point. The Small Triangular points on the other hand 

actually improved when used against the pig, and had one of the better records against the 

'moose', although that proved a difficult target for all of the points. The points with a 

serrated edge also stand out as having the most consistent penetration of all. 

MT LT ST SR 

FORM 

MOOSE 
?d PIG 

STRAW 

Figure 4. Summary of Average Penetration by Point Form 



Figure 5 shows similar information, but this time it summarizes the average amount 

of damage done by the points. Note that the 0.00 values seen for the Large Triangle 

points on Table 5 (moose) and in Figures 4 and 5 are not an error, all of these points 

simply bounced off the hide. It is clear that when they do penetrate, the Large Triangle 

points do a lot of damage, but on the whole they have rather poor penetration. The 

damage done by the Lanceolate points on the other hand is quite small, and in marked 

contrast to the higher levels of penetration that they are capable of 

In Figure 4 there is a clear relationship between the size of the three triangular 

points and their depth of penetration. The Small Triangle points had the deepest 

penetration in all cases, followed by the Medium Triangle points, and the Large Triangle 

points had the poorest penetration in all cases. This suggests that smaller points will tend 

to penetrate more deeply than large points. 

When we consider relative damage done by these three points in Figure 5, the 

pattern is not quite so clear. When shot into a soft target like straw, the Large Triangle 

points did the most damage while the Small Triangles did the least. As the targets become 

more difficult however, the pattern begins to change, until with the 'moose' the Small 

Triangle points have the highest damage rate of the three, while the Large Triangle points 

which just bounced off did no damage at all. This shows that even small points can do 

more damage in the right situation. 



MOOSE 
?2 PIG 

STRAW 

Figure 5. Summary of Average Damage done by Point Form 

Tables 6 and 7 illustrate the relationship between point form, target type, and the 

degree of penetration of the target. The degree of penetration is used here as an indicator 

of how likely it is that a point might hit a critical organ when used against a specific target. 

The actual depth will vary with the size of the target animal, and as such the measure of 

degree of penetration is more species specific than simple depth. A penetration of 3 or 4 

inches might go right through a small animal giving it a fatal wound, but the same depth of 

penetration on a large animal might have little or no chance of hitting a critical organ. 

The degree of penetration (for pigs and moose) follows this order: 



Off 

Skin 

Flesh 

Ribs 

Chest 

Other 

Thru 

Backbone 

Penetration 

Off 
Skin 

Flesh 
Ribs 
Chest 
Other 
Thm 

Backbone 
Total 

Penetration 

Off 
Skin 

Flesh 
Ribs 
Chest 
Other 
Thru 

Backbone 
Total 

point bounced off the target without penetration 

point cut the skin or hide, but did little damage 

point is through the skin and into the flesh of target 

point has penetrated into the ribs 

point is through the ribs and into the chest cavity 

point is through the chest and stops in ribs or flesh of the 

other side of target 

point travels right through the target (and beyond) 

point glances off the ribs and slides into the animals spine 

Point Form 
LF LN LT MB MT SR ST 
2 3 1 2 2 0 0 
0 2 2 2 5 1 0 
1 0 1 1 1 1 0 
1 4 2 0 5 0 2 
1 4 1 0 3 2 0 
2 1 0 0 2 1 0 
1 2 1 3 4 3 2 
1 1 0 0 2 0 0 
9 17 8 8 24 8 4 

Table 6. Penetration of Pig in the Rib Area, by Point Form 

Point Form 

Total 
10 
12 
5 
14 
11 
6 
16 
4 
78 

Total 

Table 7. Penetration of simulated Moose in the Rib Area, by Point Form 



To compare the relative performance of the different materials that the projectile 

points were made out of, bar graphs can be used as was done above for point forms. 

Figures 6 and 7 compare material to the mean depth of penetration and damage for each 

of the targets: 

MATERIAL 

MOOSE 
El PIG 
0 STRAW 

Figure 6. Average Depth of Penetration, by Point Material 



H MOOSE 
IZl PIG 1 El STRAW 

MATERIAL 

Figure 7 Average Damage done, by Point Material 

Comparing Figures 6 and 7, it can be seen that, based on material, most of the 

points show the same pattern of performance between average depth and average damage. 

The most notable exceptions are the wooden points which show average to good 

penetration compared to the other materials, but have uniformly poor levels of damage. 

This is because the wooden shafts did not have cutting points that extended beyond the 

shaft width. The slate points were also a little unusual, having an unusually high rate of 

damage against the pig. The reason for this is not clear. 



As well as depth of penetration, another critical factor for points is their 

survivability. Table 7 provides information on the damage to the points, based on their 

type of material. The degree of damage is defined as follows: 

None no damage 

Tip small flake removed from end of point. retouch not needed 

Minor small flake(s) removed, some retouch is needed 

Major point is useless, needs reshaping or extensive retouch 

Snap point has broken in two and is effectively useless 

Shaft point is ok, but the shaft has split, or point is unbound. 

Material 

Basalt 
Birch 
Flint 
Chert 
Fired Birch 
Fired Maple 
Maple 
Obsidian 
Slate 
Steel 
Total 

Degree of Damage 
None Tip Minor Major Snap Shaft 

26 0 2 0 0 0 
18 1 1 0 0 0 
122 3 1 1 1 1 
14 1 0 0 0 0 
19 0 0 0 0 0 
18 1 0 0 0 0 
2 1 2 0 0 0 0 
138 1 4 2 8 3 
49 2 1 0 0 2 
30 1 1 1 0 0 
455 12 10 4 9 6 

Totals 
28 
20 
129 
15 
19 
29 
23 
154 
54 
3 3 
496 

Table 8. Damage Frequency for All Points, against all targets 

A couple of interesting patterns are appearant from examining Table 8. Obsidian 

points do not seem to do very well. They have the highest rate of snaps and major 

damage of any material, even considering their high sample size. The wooden points by 

contrast have very low rates of damage. 



CHAPTER 3 

ANALYSIS 

I. Overview 

Analysis of the data will proceed through five stages. First, the degree of 

correlation between the draw weight on the bow (force) and the kinetic energy of the 

projectile will be determined, since this is one of the major controls in the experiment. If 

this correlation is not significant, then the rest of the analysis will be meaningless. 

The second step in the analysis will be to compare the performance of the different 

materials used to make the projectile points in terms oftheir depth of penetration. 

Following this, the next section will compare the effectiveness of different forms of the 

points generally and when shot into straw. The fourth step will involve testing the 

performance of the various points when used on different kinds of targets such as pig and 

moose. Finally we will compare the points for the effects of edge angle, weight, and 

friction (cross sectional area). 

All of the statistical calculations and graphs were produced using Systat for 

Windows version 5.03 

11.. Correlation of Force and Energy 

All projectile points were shot several times through a 'Speedtack' photoelectric 

speedometer into a bale of straw, at each of four predetermined levels of force 

(corresponding to different draw weights on the bow) and these data were used to 

calculate the kinetic energy of the projectile for each shot. In total 364 shots were taken 

in this fashion. 



The Pearson Correlation for this data gives an 'r' value of 0.959 and an 'rf of 0.920. 

This indicates that 92% of the variability seen in the kinetic energy of the projectiles can 

be accounted for by the force (or draw weight) of the bow when it was shot. This is a 

satisQingly high result, which indicates that controlling for the force of shots will yield 

meaningful results with only a small degree of error due to this procedure. The full 

regression calculations for this test can be found in Appendix A. 

I 0  20 30 40 50 60 

FORCE in pounds 

Figure 8. Correlation of Draw Weight and Kinetic Energy 

The remaining 8% variability seen in the kinetic energy of the projectiles is most 

likely due to the fact that the draw weight of the bow did not increase uniformly as the 



bow was drawn, thus the lower levels of 'force' tended to impart less energy to the 

projectile than was expected. This is illustrated in Figure 8, whkre a NEXPO curve 

(Negative Exponentially Weighted Smoothing) is fitted to the data. A hrther source of 

variability in the kinetic energy may be due to imprecision in the measurement of draw 

weights. An apparatus could be built to correct for these errors, but in this instance it was 

felt that such a small gain in precision did not warrant the high cost and considerable 

inconvenience that would be involved. 

111. Materials Comparison 

Analysis of the performance of the different materials that the points were made out 

of will be based on the depth of penetration into the target, while controlling for the force 

of impact and the target material. In most cases the target material used for this 

comparison is straw. Other targets will be dealt with in depth later in the analysis. The 

rate of breakage of the various materials will also be considered. 

Depth 

Figure No. 9 is a scatter plot of all the points that were shot into straw bales (364 

cases). The X axis here is Energy, measured in joules, and the four clusters of data points 

correspond to different levels of force. Energy is used in this section since it is a more 

precise measure in these cases than is force. A regression line is again fitted to the data, 

with 95% confidence intervals applied. In this case there is a good deal of variability 

around the regression line. The full regression calculations pertaining to this and the 

following graphs (for material performance) may be found in Appendix A. 
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Figure 9. Correlation of Kinetic Energy and Penetration into Straw Bales, by All 
Points 

Here the Pearson Correlation of 'r' = 0.663, and '6' = 0.440. Surprisingly only 44% 

of the variability in the depth of penetration of the points can be accounted for by the 

kinetic energy of the shot. Clearly there are other factors that affect the performance of 

the projectile points. Possible sources of variability may include differing densities within 

the straw bale, fiiction caused by differently sized points, arrows passing down channels 

cut by previous points, and of course the form and material of the point. Some of these 

factors cannot be controlled for, such as straw density or second hand holes, yet while 

introducing uncertainty to the experiment they also mimic the varying densities of organs 

and flesh in an animals body. Other factors can be controlled for. 



WOOD 

We will begin by considering the wooden points separately. There were four kinds 

of wooden points; a hard wood (maple), a soft wood (birch), and a fire hardened version 

of each of these. All wooden points had the same needle-like shape. On the whole they 

seemed to perform very similarly during the tests (see Figures 6 & 7 in chapter 3). Since 

the sample size was small for the wooden points shot into straw, only 8 cases for each 

type of wood, it was decided to see if they could be lumped together as one single sample 

for comparison to other materials. For this test it was decided to compare their 

performance against all targets since this would increase the sample sizes to about 20 

cases per wood, thus improving reliability. 

To compare the performance of the different woods requires an analysis of 

covariance since "...ANCOVA is often used to test the null hypothesis that two or more 

sample means were obtained from populations with the same mean." (Huitema 1980: 13). 

In this case the different wood points would be compared to see if they have significant 

differences in their depth of penetration into all targets, while controlling for the varying 

amount of force used in the shots. If they are not significantly different, then they can be 

treated as one group. 

Before running the analysis of covariance (ANCOVA) however, it is necessary to 

determine if the slopes of the regression lines for the different woods are the same. 

Because the ANCOVA calculation compares the values of individual cases against the 

expected value of the regression line, differences in the slopes of these lines between 

samples will tend to increase the appearance of significant differences. 

The results for the test for 'Homogeneity of Slopes', and the subsequent ANCOVA 

can be found in Appendix B 1. For these experiments a 'P' value of 0.050 or less for the 

interaction effect of material * force will indicate that significant differences occur 



between slopes. In this case the p value is 0.965, a satisfjingly high figure, thus the 

ANCOVA can proceed. 

In the analysis of covariance a 'P' value of 0.050 or less for material will result in 

rejection of the null hypothesis, indicating that the sample means come from different 

populations. The p value here is 0.984, indicating that the various woods can be treated 

as samples drawn from a single population. 

As a result of these tests, we see that there is no significant difference in the 

performance of the different types of wooden point. From here on they will be lumped 

together as one category, providing a larger sample size for comparison. 

ENERGY in Joules 

Figure 10. Penetration of all Wooden Points shot into Straw 



STEEL VS. WOOD VS. STONE 

Figure 6, the bar graph for material versus depth of penetration clearly illustrates 

that the steel point out performed all others. In broad terms, how does depth of 

penetration compare between steel, stone, and wooden points? 

Figure 11 is a scatter plot of the penetration of the steel point into straw, while 

Figure 12 shows the penetration of all the various stone points shot into straw. These 

graphs are all on the same scale as Figure 10 and are comparable. At first glance the 

regression lines may appear to be similar between these graphs, but there are some 

significant differences. The equations for their regression lines are as follows: 

STEEL Y = 112.794 + 5.540 X 

WOOD Y =  57.113+4.908X 

STONE Y = 45.801 + 3.746 X 



ENERGY in Joules 

Figure 1 1 .  Penetration of Steel points into Straw 



V 

0 I 0  20 30 40 50 

ENERGY in Joules 

Figure 12. Penetration of all Stone points into Straw 

It can be seen that the performance of the stone points as a whole is quite inferior to 

either the steel or wooden points! The best performing stone points are made out of Flint, 

and their regression line is defined as: 

FLINT Y = 43.226 + 4.774 X 

Regression calculations for all materials can be found in Appendix C. 

What these figures indicate is that steel points, as one would expect, have a higher 

penetration at low levels of kinetic energy, and that the degree of penetration increases 

more rapidly with increasing levels of force than occurs with wood or stone points. What 



is surprising here is that disregarding the effects of size or form, the wooden points 

consistently outperformed all stone points, including flint, having a higher initial 

penetration (Y intercept) and an equal or greater rate of increase (slope). Furthermore the 

confidence intervals of these regression lines tend to be mutually exclusive (although the 

regression line for flint does fit barely within the confidence interval for wood ). 

To test whether these three samples are indeed drawn from different populations, 

we will again use the tests for homogeneity of slopes and analysis of covariance. See 

Appendix B2 for the full calculations. 

In this case the interaction effect between material and force has a p value of 0.000, 

indicating significant differences between the slopes over samples. 

The analysis of covariance (incorrectly applied, since the slopes are different) also 

indicates different populations. Of interest here is the Tukey HSD matrix of pairwise 

comparison probabilities, which indicates that each population is significantly different 

from each other. 

The implication here is that Steel, Wood and Stone points perform significantly 

differently - at least when shot into a 'soft' target, (i.e. one without a thick hide or bony 

protection). Steel is clearly the most effective material to use, followed by wood - even 

soft wood, at least when shot into straw bales! Stone points as a group are consistently 

poorer performers. 

STONE 

Given the surprising performance of the stone points as a whole, it is now necessary 

to look at each type of stone individually. Figures 13 to 17 show scatter plots (fitted with 

regression lines and 95% confidence intervals) of the performance of Flint, Obsidian, 

Basalt, Slate, and Chert. Flint clearly has the best performance record of all, and in fact 

the other stone types do not appear to be significantly different from each other. 
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Figure 13. Penetration by Flint points into Straw 

Applying the tests for homogeneity of slopes to all the stone points (see Appendix 

B3) we find that their slopes are significantly diierent. In the pairwise comparisons of the 

ANCOVA, however, it can be seen that only the flint samples stand out as being different 

from the other materials (remember that diierent slopes tend to increase significant 

differences between samples). This suggests that (based on material alone) all other stone 

points may be lumped together as one sample. 

To test this, the Homogeneity of slope and ANCOVA calculations were run again 

for the various stone points, excluding flint (see Appendix B4). In this case no significant 



differences appear, so all these stone points may be treated as samples drawn from the 

same population. 

Why the flint points performed so much better is an interesting question, which we 

will return to in the discussion section . 

- - 
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Figure 14. Penetration by Obsidian points into Straw 
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Figure 15. Penetration by Basalt points into Straw 

Type of Stone Regression Equation 

FLINT Y = 43.226 + 4.774 X 

OBSIDIAN Y = 52.514 + 3.461 X 

BASALT Y = 40.721 + 3.017 X 

SLATE Y = 39.523 + 3.920 X 

I CHERT Y = 32.545 + 3.899 X 
Table 9. Regression Formulae for Stone points 
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Figure 16. Penetration by Slate points into Straw 



ENERGY in Joules 

Figure 17. Penetration by Chert points into Straw 

Because most hunters do not hunt bales of straw, it might be interesting to see what 

happens when the data from all targets is combined. Figure 18 shows a box and whiskers 

graph with the median depths of penetration and distribution for each material against all 

targets. Once again the steel point stands out, followed by those made of flint. 

Interestingly, if these two samples are removed and the others are tested by ANCOVA 

(Appendix B5), they all qualify as coming fiom the same population. The indication here 

is that excluding modern technology, material is not generally a significant factor in the 

effective performance of projectile points, regardless of the target. 



MATERIAL 

Figure 18. Median Depth of Penetration by Point Material, into all targets 

Damage 

Damage is calculated by multiplying the depth of penetration by the width of the 

projectile point, so there should be a direct relationship between depth of penetration and 

the amount of damage done to the target. There is however, no necessary correlation 

between the width of a projectile point and its material, with the exception of the wooden 

points in this experiment. The results of any comparison of material and damage should 

simply parallel the results already seen in the comparison of material and depth of 

penetration, except that the wood points which are consistently thinner have consistently 



lower damage. The differential effects of damage will be studied in the section on 

projectile form. 

Breakage 

Very little breakage occurred to the points while they were being shot into the straw 

bales, with the exception of one arrow shaft that split and several obsidian points that were 

damaged when they bounced off the bales and hit the floor. On the whole the most 

extensive damage occurred when points were shot into more solid targets. Since it is 

assumed that breakage is mostly a function of material rather than form, we will deal with 

it here. Table 4 shows the frequency of damage to the points that were shot into the 

suckling pig, the simulated moose, and the moose hide. All shots into straw bales have 

been excluded. 

Material 

Basalt 
Birch 
Flint 
Chert 
Fire Birch 
Fire Maple 
Maple 
Obsidian 
Slate 
Steel 
Total 

Type of Damage 
None Tip Minor Major Snap Shaft 

10 0 2 0 0 0 
10 1 1 0 0 0 
52 3 1 1 1 1 

6 1 0 0 0 0 
11 0 0 0 0 0 
10 1 0 0 0 0 
13 2 0 0 0 0 
46 0 1 2 6 3 
22 2 1 0 0 1 

Table 10. Frequency of damage to points, by material 

Total 
12 
12 
5 9 
7 

11 
11 
15 
58 
26 
17 

228 

Because some materials were used far more often than others in the experiments, it 

is usehl to convert the frequencies into percentages. Thus the previous table becomes: 



Material 

Basalt 
Birch 
FIin t 
Chert 
Fired Birch 
Fire Maple 
Maple 
Obsidian 
Slate 
Steel 
Total 

Type of Damage 
None Tip Minor Major Snap Shaft 

83.33 .OO 16.67 .OO .OO .OO 
83.33 8.33 8.33 .OO .OO .OO 
88.14 5.08 1.69 1.69 1.69 1.69 
85.71 14.29 .OO .OO .OO .OO 

100.00 .oo .oo .oo .oo .oo 
90.91 9.09 -00 .OO .OO .OO 
86.67 13.33 -00 .OO .OO .OO 
79.3 1 .OO 1.72 3.45 10.34 5.17 
84.62 7.69 3.85 .OO .OO 3.85 
82.35 5.88 5.88 5.88 .OO .OO 
85.09 4.82 3.07 1.75 3.07 2.19 

Table 1 1. Percent damage to points, by material 

Total 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

Several interesting things are apparent from this table. First of all, it can be seen 

that the various wooden points faired very well, suffering little damage, and what occured, 

was minor. Almost all of the 'damage' that occurred to the various wooden points was a 

gradual rounding of the tip from repeated use. The only 'minor' damage happened when 

the birch point hit a simulated moose rib with force, causing a noticeable depression near 

the tip. The point however was still usable. It should also be noted that because the 

wooden 'points' are integral with the arrow 'shaft', there are no instances of the shaft 

splitting in this sample. 

Amongst the various stone points the results are more mixed, showing slightly 

higher levels of damage, and more instances of serious damage. The standout material 

here is obsidian. Fully 20% of the shots made with obsidian points resulted in damage to 

the point, 14% of the time seriously damaging or destroying the point! This is by far the 

worst performance of any material tested. It seems that the very properties that make 

obsidian such a wonderfill stone to work with when forming lithic tools, also make it less 

survivable when used in high impact situations such as hunting. 



Collectively the rest of the stone points were damaged about 15% of the time, with 

most of it being minor and easily repairable. Although there was some slight wear to the 

edges from repeated use, this never became serious enough to warrant resharpening, with 

the sole exception of the slate points. 

A note should be made about the steel point which was used as a baseline for 

comparison. As might be expected, the steel point showed no wear or damage through 

most of the experiments, until it was shot into the simulated moose ribs. When impacting 

with a rib it suffered a slight nick to the tip, which did not affect subsequent performance. 

A later impact with a rib resulted in a slight bending of the leading edge. This did not look 

serious, but when the point was used again it failed to penetrate the moose hide and 

bounced off - now seriously bent out of shape. This is an interesting case for it suggests 

that stone points are more easily repairable and more forgiving of small imperfections than 

are high performance steel points. 

IV. Form Comparison 

Apart from material, one of the other major variables to consider in the performance 

of projectile points is their shape or form. This study used seven basic shapes or styles of 

point. They are, in the order they appear on the graphs: 

1. Large triangle LT 

2. Medium triangle MT 

3. Small triangle ST 

4. Lanceolate LN 

5. Serrated edge (on a medium triangle) SR 

6. Micro blade MB 

7. Leaf shaped LF 



These seven styles will be compared with each other in terms of depth of penetration 

and amount of damage done, while controlling for the force of impact and the type of 

target. As an overview, we will begin by comparing the performance of the points against 

the entire data base, including all targets. Figure 19 shows a box and whiskers graph of 

the depth of penetration for each form of point against all targets. 

MT LT ST SR LF LN MB 

FORM 

Figure 19. Median Depth of penetration by point form, into all targets 

The same information is provided in Figure No. 20 which shows a 3D scatter plot of 

the depth of penetration of each point form at each of the levels of force that were used. 



A NEXPO smoothing net is placed over the data to indicate average values and 

relationships. 

Figure 20. Depth of Penetration by Point Form, into all targets, by level of Force 

Figure No. 2 1 displays the same information, except that Depth is replaced by the 

Damage done by the point (Width of the point x Depth of penetration). 



FORM: 
1 = Large Triangle 
2 = Medium Triangle 
3 = Small Triangle 

Figure 21 .Damage done by point form, against all targets, by level of Force 

The ridges and troughs running parallel to the Y axis indicate the relative 

performance of the Forms numbered along the X axis. Individual peaks or wells indicate 

the effects of exceptional results (i.e. probable accidents). 

Figure No. 20 shows clear differences between the performance of different point 

forms in terms of their depth of penetration. A similar but less pronounced pattern 

appears in Figure No. 2 1, showing more even levels of damage. The question arises, are 

these apparent differences 'real', i.e. are they statistically significant? 



Testing the 'Depth' values for significance using homogeneity of slopes and 

ANCOVA shows that these samples are significantly different (Appendix Dl). Examining 

Figure 19, and the matrix for pairwise comparison probabilities in the Tukey HSD multiple 

comparisons suggests several possible groupings of point forms within the test. 

Group 1 consisting of Small Triangle, Serrated edged, and Leaf shaped points, was 

retested and showed no significant difference in the depth of penetration of these points 

(Appendix D2). 

Group 2 (Appendix D3) consists of the Medium Triangle and Lanceolate points, and 

it also showed a lack of significant differences. The Large Triangle and Micro blade 

points form a third and least effective group (Appendix D4). 

Figure No. 21 illustrates the amount of damage done by all of these points, and here 

the Large triangle and Serrated points out perform all others. The Lanceolate points (all 

wooden points) have the lowest rate of damage of any form, and seem to be statistically 

different from all other forms except Micro blades, based on pairwise comparisons. 
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Figure 22. Depth of Penetration into Straw, by Point Form 



FORM: 
1 = Large Triangle 
2 = Medium Triangle 
3 = Small Triangle 
4 = Lanceolate 
5 = Serrated 
6 = Micro Blade 
7 = Leaf Shaped 

Figure 23. Damage done by Point Form, when shot into Straw 

Figures 22 and 23 show the same information as above, plotting for 'Depth' and 

'Damage', but here the targets are limited to straw bales. Although the values seem to be 

higher, the general pattern seems to be similar, with one major exception. Form No. 4, the 

Lanceolate points, perform vastly better here than they did on the previous two graphs 

(see also Figure 4, in Ch. 3) The implication seems to be that as long as they are shot into 

a 'soft' target like straw or flesh, and are not slowed down by a thick hide or bone, the 

wooden lanceolate points are capable of very high penetration, similar to that of the 



Serrated points. This of course also improves their ratio of damage, although it is still low 

for these points. Further comparisons will be made in the 'Target' section of the analysis. 

V. Performance by Target. 

To this point the analysis has focused on the performance of the points when they 

were shot into a 'soft' target, i.e. a bale of straw, or as a general overview when they were 

shot into all targets. We will now turn to performance against 'hard' targets. By this we 

mean an animal carcass, complete with hide, h r ,  and bone. To allow for greater 

comparison, two types of animal were chosen. 

First was a suckling pig. This was a medium sized animal, about the size of a large 

dog, with relatively thin skin and small bones. The pigs head and internal organs had been 

removed, and it had been stored for some time in a cooler. The carcass was allowed to 

warm to room temperature before being used in the experiments. Shots were taken into 

the shoulder, rib cage, and haunches, but only those into the ribs will be used here. 

The carcasses of larger animals were not available for use, so one was simulated by 

attaching a section of raw moose hide (fiom the upper back) to a 12" by 18" section of 

pork short ribs. The intention here was to simulate shooting a moose in the ribs. The hide 

was quite thick (3.0 to 4.2 mrn) and still retained all of its hair, which increased its total 

thickness to 9.0 to 11.0 rnrn. The ribs ranged in thickness fiom 65 to 120 mrn, with the 

average value being about 75 rnm. The most daunting aspect of this target were the large 

flat ribs which nearly overlapped with each other. Out of the 18" width of the short ribs, 

hlly 14" was bone. This allowed very little space for the points to penetrate through to 

what would have been the chest cavity. 

Figures 24 and 25 show how the various point forms performed when shot into the 

Pig Ribs. The pattern is similar to what was seen before with all targets (Figures 20 and 

21), but far more extreme. The small triangular points (no. 3) stand out as having the 



highest level of penetration, especially at higher levels of force. The serrated points (no. 

5) and the leaf shaped points (no. 7) also seemed to fare well. A large bulge at the upper 

right of the two graphs indicates that the microblade points (no. 6 )  did very well at 40 lb. 

force. However since they do not seem to do nearly as well at either 30 lb. or 50 lb., it 

can be assumed that this is an aberrant result. It is probably the result of a point passing 

through an already existing hole, created by another point. 
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Figure 24. Depth of Penetration, by Point Form, when shot into Pig Ribs 

Are these differences significant? The test for the homogeneity of slopes (Appendix 

El) indicates that there are significant differences 0, = 0.022). As mentioned before, this 



will tend to increase the likelihood of significant differences occumng in the analysis of 

covariance. To proceed with ANCOVA is rather rash, but when the ANCOVA is run 

however, the p value is 0.075, indicating no significant differences in depth of penetration 

based on point form! The pairwise comparison of probabilities agrees with this. 

According to this analysis, all of the different point forms can be seen as samples drawn 

from the same population. This result does not seem to support the original assertion of 

this thesis. Perhaps a different approach will yield the desired result. Instead of simply 

measuring the depth of penetration, it is possible to compare which portion of the targets 

(pig) body the point was able to reach. 
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Figure 25. Degree of Penetration by Point Form, when shot into Pig Carcass 



Figure 25 shows the different levels of penetration into the pig's carcass by the 

various point forms. The levels are: 

0 Off point bounced off the target without penetration 

1 Skin point cut the skin or hide, but did little damage 

2 Flesh point is through the skin and into the flesh of target 

3 Ribs point has penetrated into the ribs 

4 Chest point is through the ribs and into the chest cavity 

5 Other point is through the chest and stops in ribs or flesh of the 

other side of target 

6 Thru point travels right through the target (and beyond) 

To have even a reasonable chance of being fatal, a point has to penetrate to level 4 

(chest) on this scale. Levels 5 and 6 increase the likelihood of fatality. Figure 25 shows 

that none of the points are lethal at the lower levels of force, but at 40 lb. and above, the 

small triangles, serrated, and leaf shaped points are devastating. The large and medium 

triangles, lanceolates, and micro blades are less impressive, but all display average values 

that would place the points inside the chest cavity of the pig. Note that the wooden 

lanceolate points seem to hnction just as well as the others in this regard. 

When tested for significance (Appendix E2) however, the results were very similar 

to the preceding section. There were no apparent significant differences in the degree of 

penetration into the pig's body based on point form. 

Figure 26 shows the amount of damage done by the different point forms when shot 

into a pig (see also Figure 6 in Ch. 3). While the NEXPO net is much smoother than in 

the tests for depth, the ANCOVA (Appendix E3) indicates significant differences. 

Consulting the matrix of pairwise probabilities shows that only two forms are significantly 



different from each other - the Serrated points which did the most damage, and the 

Lanceolate points which did the least. The rest of the points all compare favorably with 

each other in terms of the damage done. 

FORM: 
1 = Large Triangle 
2 = Medium Triangle 
3 = Small Tnangle 
4 = Lanceolate 
5 = Serrated 
6 = Micro Blade 

Shaped 

NO z 

Figure 26. Damage done by Point Form, when shot into Pig Ribs 

As an aside it should be noted that the ribs of the pig did not provide a serious 

deterrent to most of the points. When shot with sufficient force the points broke through 

the ribs while suffering little or no damage themselves. By the end of the experiment 

virtually all of the ribs had been shatterea in several places. 



Another interesting effect was the suction that made it difficult to remove some of 

the points from the carcass. This happened almost exclusively with the lanceolate points. 

I hypothesize that since the cutting edge of the lanceolate points did not extend beyond the 

diameter of the arrow shaft, the flesh was able to evenly adhere to the surface of the shaft, 

causing a 'vacuum seal'. Unfortunately there was no way to quantie this effect, but it 

appears that such a point would be less likely to work free from its prey than would other 

types unless they were barbed or had very broad bases. 

Returning now to the topic of material performance, Figure 27 illustrates the relative 

penetration of different materials into the pig's ribs. Only 6 materials are represented here, 

because due to an oversight there were no cases of chert being shot into the pig. In this 

Figure the steel point (No. 6), seen on the far right hand side of the graph, clearly 

outperforms all others. The slate points (No. 4) also seem to penetrate quite deeply, 

especially at the higher levels of force. The points that seem to have the lowest overall 

penetration are the basalt, obsidian, and wooden points (Numbers 5, 3, and 1). This tends 

to agree with the pairwise comparisons in the Tukey HSD multiple comparison matrix of 

the ANCOVA estimate ( Appendix E4). The statistical significance of these differences is 

questionable however, since the test for homogenaity of slopes has a p value of 0.00, 

indicating significantly different slopes. As mentioned before, a difference in slopes will 

tend to increase the appearance of significant differences in ANCOVA, thus one cannot be 

confident that the differences that appear are accurate. In this case Figure 27 is presented 

as graphical representation of the experimental results, but no conclusive statement 

regarding statistical significance can be made. 



M,4TERIAL: 
1 = Wood 
2 = Flint 
3 = Obsidian 

Figure 27. Depth of Penetration, by Material, when shot into Pig Ribs 

The relative damage done by the different materials is illustrated in Figure 28. The 

relationships of the different materials are quite similar to what was seen in Figure 27, 

except that here the slate points stand out even more, doing damage almost equal to the 

steel point at the highest levels of force. This may be because the slate points were 

extremely thin, allowing them to have proportions that most closely imitated the steel 

points. Testing for significance however, runs into the same problem as occured with the 

previous tests for material and depth ( Appendix E5). In this case, no meaninel 

statement of significance can be made. 



Figure 28. Damage done by Material, when shot into Pig Ribs 

Figures 29 and 30 show the depth and damage results of the points shot against the 

simulated moose. Here the graphs are generally flatter, except for the distortion caused by 

the deep penetration of a wooden lanceolate point at 50 pounds force. While it would be 

interesting if this result is true, it is most likely due to the point travelling down an already 

existing hole in the 'moose'. On the whole the graph shows a substantially reduced 

success rate for all point forms. Penetration at anything less than 40 lb. force was almost 

nonexistent. The thick hide and even thicker hair seem to stop most of the points in their 

tracks. Those that got through the hide ran into a wall of ribs that proved nearly 



impassable. Most of the points that were seriously damaged or destroyed found their 

nemesis here. Only a few made it through the ribs into what would have been the chest 

cavity of the moose. 

The points that succeeded in penetrating the 'chest' were a small triangle and a 

serrated point. Surprisingly a wooden lanceolate also made it through the ribs, but this 

has to be considered an accident, using a second hand hole. 

It would seem from these results that a serrated edge on a point has an advantage 

when cutting through thick hide and fur, allowing for deeper penetration. Alternatively 

small points may have a higher probability of passing through a thick mass of ribs if shot 

with enough force to get through the hide. When tested for significance however, there 

does not seem to be any real difference between the penetration of the point forms 

(Appendix E6). This result is similar to that for the pig. 
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Figure 29. Penetration into a Simulated Moose, by Point Form 

Figure 30 shows the damage to the 'moose' . As above, the ANCOVA for the 

moose shows no sigdicant difference between the performance of the point forms 

(Appendix E7). 



FORM: 
1 = Large Triangle 
2 = Medium Triangle 
3 = Small Triangle 
4 = Lanceolate 
5 = Serrated 
6 = Micro Blade 
7 = Leaf Shaped 

Figure 30. Damage to Simulated Moose, by Point Form 

The relative depth of penetration into the 'moose' by the different materials is 

illustrated in Figure 3 1. Here again the extremely good result by one of the wooden 

points at 50 pounds force is probably an accident, which is unfortunate because it tends to 

skew the left hand side of the figure. Once again the steel point ( No. 7 ) is the best, with 

the slate point ( No. 4 ) making a good showing at higher levels of force. Testing for 

significance (Appendix E8) shows that once again the slopes are not homogeneous. The 

ANCOVA however has a p value of 0.05 1 for material, indicating (just barely) that there 

is no significant difference in depth of penetration between the points based on material. 



MATERIAL: 
1 = Wood 
2=Flint 
3 = Obsidian 
4 = Slate 
5 = Basalt 
6 = Chert 
7 = Steel 

Figure 3 1. Depth of Penetration by Material, into simulated Moose 

The amount of damage done by the different points, according to their material, 

when shot into the simulated moose is illustrated in Figure 32. Here the pattern is similar 

tho that in Figure 3 1, but somewhat flatter. When tested for significance (Appendix E9), 

the ANCOVA has a p value of 0.001 suggesting significant differences. Once again 

however the slopes of the regression lines are not homogeneous, and therefore no 

statement of significant differences is acceptable. Examination of the Tukey HSD pairwise 

comparisons suggests that most of the points have similar damage patterns, and only the 

steel point ( if any ) could possibly qualify as being different from the other points. 



MATERIAL: 
1 = Wood 
2 = Flint 
3 = Obsidian 
4 = Slate 
5 = Basalt 
6 = Chert 
7 = Steel 

Figure 32. Damage, by Material, when shot into simulated Moose 

Clearly, hunting big game provides a considerable challenge to those using stone or 

wood tipped projectiles. Most of the results in this part of the experiment would not have 

killed or incapacitated the target animal. They would only have made it mad. 

VI. Other Considerations. 

For completeness it is necessary to consider the effects of a few other variables that 

might affect projectile point performance. The depth of penetration of a point may be 

affected by such factors as the sharpness of its edge, the overall mass of the projectile, and 

the amount of friction that it encounters as it passes through the target. This last factor 



we will approximate in two different ways. 'Area' will be determined by calculating the 

cross sectional area of the point perpendicular to the direction of travel. This should give 

a measure of the amount of resistance encountered by the point itself 'Drag' will also take 

into consideration the amount of friction resulting from the projectile shaft as well as the 

point. This is calculated by adding the area of the exposed cross section of the shaft to the 

area of the point calculated above. 

Each of these variables was tested by regression analysis against depth of 

penetration into the straw bales. All points were considered regardless of form or 

material. The results are to be found in Appendix F. 

In each case the relationship between the variable and depth is surprisingly small. 

The adjusted r2 values for the tests are as follows: 

Weight r2 = 0.075 

Area r2 = 0.063 

Edge angle r2 = 0.025 

Drag r2 = 0.081 

In other words, less than 9% of the variability in the depth of penetration could be 

accounted for by either the weight or area or edge angle of the point. This is another 

surprising result. 

In order to help summarize the results of this analysis, the hypotheses presented 

earlier on pages 12 and 13 will be reconsidered. 

1. 'Different types of projectile point will penetrate the target to a different depth than 

the others.' Based on simple observation, certain patterns do seem to appear; small 

points tend to penetrate more deeply than large points, serrated edges seem to aid in 



cutting through thick hide, wooden points work well against soft targets, but not 

very well against more difficult targets. These patterns however seem to have little 

or no statistical significance. 

2. 'The total size of the wound and resulting damage to the animal vary among types.' 

Generally speaking, large points will do more damage than small points, but this will 

vary according to the nature of the target. Thicker hides may stop a large point 

resulting in little or no damage, while small points may penetrate much more deeply 

to do more damage. 

3. 'The ability to penetrate through ribs or skull will be significantly different for each 

type of point.' There is insufficient evidence to support this contention. The small 

ribs of the sickling pig did not present a serious obsticle to any of the points, while 

the more massive ribs of the simulated moose were generally impassable. Too few 

points made it through to be able to make any meaningfbl statement. 

4. 'The degree to which the point imbeds or adhears to the target will vary with each 

type.' There was little noticable difference between the various points in terms of 

how difficult they were to extract, with one main exception. The flesh of the pig 

would often form a tight bond around the shaft of the wooden points. Since there 

was no extra cutting by a sharp blade, the pigs seemed to form a 'vaccuum' seal with 

the smooth wooden shaft. 

5. 'The survivability of each type of point will vary from that of each other.' Obsidian 

points tend to break quite easily and regularly compared to other points. Wooden 

points suffered almost no damage at all. The other stone points did not show a 

marked difference in their rate of survival. 

6. 'The degree to which a point wears will vary from type to type.' Although damage 

occured to a number of points, little observable wear occured during the course of 



the experiments. The fire hardened wood points tended to loose their edge (it was 

weakened by the firing), but even this took a long time to happen. 

7. 'The ease with which a point may be repaired or maintained will vary with each type.' 

The wooden points were the easiest to resharpen, followed by the various flaked 

stone tools. Slate points required more time to grind down if they were broken or 

worn. The steel point, so difficult to damage, proved impossible to repair. 



CHAPTER 4 

DISCUSSION 

The preceding analysis has shown surprisingly little difference in the performance of 

projectile points based on their material or form. This disagrees strongly with the original 

assertion of this paper, that these variables are critically related to the effective 

performance of the projectile points. If it is possible to make a point that is optimally 

designed for use against a certain target, then distinct differences should show up in the 

experimental data. While differences do occur, they are neither as clear nor as significant 

as was expected. 

The first surprise came with the 4 wooden points which performed pretty much the 

same regardless of whether they were made of soft wood, hard wood, or fire hardened. I 

had originally expected that the fire hardened points would perform best, but in fact they 

didn't do quite as well as the non-hardened points -- although the difference was not 

significant. This may be because the firing process weakened the leading edge and the 

point, where the wood was the thinnest. This tended to lead to a gentle rounding of these 

edges with use. 

Given these results, why would anyone fire harden a point? I do not have 

experimental evidence to support this, but I would like to suggest that 'fire hardening' may 

have more to do with the manufacturing process or survivability than with fbnctional 

performance. Trying to carve a sharp point with stone tools is not an easy process, and'it 

might be speeded up by roasting the point in a fire, and then scrapping away the ashes. If 

carefblly done, it could save a lot of labor. 



The next surprise was how well the wood points performed compared to the various 

stone points. When shot into straw bales, an admittedly soft target, the wooden points 

significantly outperformed the stone points. This was probably because they were able to 

push through the straw without requiring a sharp cutting edge, and because their small 

cross section and smooth surface provided little resistance. 

The depth of penetration of the wooden points dropped off considerably when shot 

into the pig's rib cage. However they did quite well, penetrating deeply enough that many 

shots would have been fatal. Statistically they could not be distinguished from most of the 

stone points shot into the pig. 

Against the simulated moose, the wood points did not fare well - they had a great 

deal of difficulty in penetrating the thick moose hide. One would suspect that a sharp 

cutting edge would be usefid here. In fairness though, the stone points did not do well 

either, and there was no statistical difference between the depth achieved by the stone 

points and the wood points. 

From these results I would conclude that wooden points are a reasonable choice 

when hunting medium to small sized game with relatively thin hides or skin. This agrees 

well with Hayden's observation that some Australian aborigines use only wood tipped 

spears "to kill large and small game, including kangaroos, rabbits, emus, dingos, and wild 

cats." (Hayden 1979: 28). 

The wooden points also had the added advantage of durability. They did not break 

like the stone points, and when they became dull they were easy to resharpen (using a 

rasp). On the whole they had the highest rate of survivability. 

Amongst the stone points there was more variability, but most of it turned out to be 

statistically insignificant. The obsidian, basalt, slate, and chert points could ultimately all 

be treated as being the same, or at least as coming from the same population. Only the 



Knife River flint stood out as being significantly better than the other materials. These 

points consistently outperformed the others made of stone. 

Was this due to some inherently superior quality of the flint? The material is much 

easier to work with than slate or basalt, and it is much less fragile than obsidian, but it isn't 

much different from the samples of chert that were used. Probably the key difference here 

is craftsmanship. Because there is no local source of flint, I obtained it from a professional 

flint knapper in Saskatchewan, who was good enough to send me completed points. I 

must sadly confess that they were much better than the ones that I had made. But it is 

hard to quantify exactly where the differences lay. The flint points were on average 

slightly thinner, sometimes sharper, edges were more regular, and they had more style. 

Having good material is important, but so is having a skilled toolmaker. In this case I 

believe that it made the difference. 

Would the experimental results be different if all the points were made to the same 

excellent standard? Probably, yes, but the result of such improvement in quality would 

only be to improve the performance of the other points, bringing them closer to that of the 

flint. In the end that would only serve to decrease the significance of material in point 

performance even further. 

Based on these results, it seems that the material that a projectile point is made from 

(excluding modem steel points) does not play a directly significant role in its effective 

performance. 

Although I did not expect a lot of differences based on material, I did expect that 

point form would have a highly significant effect on performance. During the 

experiments, both I and my assistant noted apparent differences based simply on subjective 

observation. The various bar graphs and 3D scatter plots in the previous chapter were 

included in part because they reflect the differences in performance that we thought we 



saw. It was very disappointing when the analysis of covariance tests indicated that these 

differences are not significant, i.e. 'real'. 

When examining the combined data for all the targets, it seemed to show three 

groupings of projectile point forms, each significantly different fiom the others in depth of 

penetration. Most of these differences however were the result of differential penetration 

into the straw bales. When the data were confined to shots taken into the ribs of a small 

pig, most of the point forms appeared to be statistically the same. Only the Serrated 

points which had the highest average penetration, and the Large Triangular points which 

had the lowest average appeared to be significantly different from each other. Each of 

these however could still be grouped with all of the remaining forms. 

When the simulated moose was the target, these distinctions became even less 

significant, and all of the point forms seem to come fiom the same population. In other 

words, this statistical analysis indicates that point form does not have a significant effect 

on the depth of penetration into 'real' targets. 

At this point it might be worth asking - is statistical significance truly significant? It 

is not within the range of this thesis to engage in a philosophical discussion on the nature 

of statistical analysis. But it is important to note that mathematical analysis must always 

be tempered with common sense. Statistics provides a powefil tool for identifjing 

patterns within bodies of data (samples) and determining the probability that these patterns 

reflect the reality of the larger population (Thomas 1986a: 38). As such inferential 

statistics are vulnerable to bad or inadequate sampling. This study has tried to provide a 

data base that is large enough and complete enough to provide a reasonable probability 

that the inferences made are correct. 

Most stone age hunters however probably do not depend on statistical analysis for 

their choice of arrowhead or spear point. Yet they must make decisions somehow. 



Inferences based on personal observations seems a reasonable course to take. Based on 

my own observations in these experiments I would most likely choose a small triangular 

point, or a medium triangle with a serrated edge for any hunting that I would do. The 

large triangular points I would avoid, because although they cut a wide swath and did a lot 

of damage, they did not generally penetrate deeply enough to reach critical organs, even in 

the pig. In making these choices I would not be correct in assuming the real superiority or 

inferiority of these points. But neither would I be making any grave errors. 

Many of the points used in this study have quite distinctive shapes. I have used 

reproductions of Dalton points, Agate Basin points, Hanna points and the like. The 

assumption has been that these distinctive forms represent an optimized adaptation to a 

particular use. This seems reasonable since such points require a great deal of skill and 

time to manufacture, and one would expect that such effort would be for some meaningful 

purpose. If, as this study indicates, projectile point form and material have only a minor 

role in determining their functional effectiveness, then why the emphasis on making and 

using the such fine bifacial tools? 

It is possible that such distinctive point forms may have far more to do with style 

and local identity than they do with functional performance. This idea has been well 

supported by some recent ethnographic research. Wiessner in her study of the projectile 

points of the Kalahari San peoples concluded that: 

The projectile point, an artifact that is present in many lithic assemblages, was 
found to be well suited for carrying information about groups and boundaries 
because of its widespread social, economic, political, and symbolic import. This 
should be particularly true of projectile points used in large game hunting 
because, due to the highly variable returns, the meat sharing that ensues is often 
used to solidify socioeconomic ties. The stylistic information contained in San 
projectile points was a good indicator of linguistic group boundaries. (Wiessner 
1983 :272) 



What is most important to note here is that the stylistic information was not 

conveyed simply by non intrusive means such as surface decoration, coloration etc. But 

rather "Style was contained in a wide range of attributes on projectile points including 

those of shape as well as others that might have important fbnctional properties, such as 

size and tip thickness." (Wiessner 1983: 273). Thus it seems that in some groups the 

fbnctional properties of their projectile points may be less important than the stylistic 

properties. This is more readily understandable if the formal properties are not of critical 

fbnctional importance. That is to say, if different forms, materials, sizes, edge angles, etc. 

can all be used to achieve a similar and adequate result on a regular basis, then it really 

does not matter which you choose. Making consistent choices which will then serve to 

distinguish the user as a member of a particular ethnic group may be an added bonus. 

The use of style in projectile points may go beyond simply defining group 

boundaries however. Studying the hand forged spears of the Loikop of northern Kenya, 

Larik found that "They are unusually variable in size, shape, weight, and decoration, and 

that the clustered values of these attributes define recognized styles of weapons." ( Larik 

1986: 269). Furthermore he found that these various styles conveyed some important 

intragroup information as well. 

To the outsider, the most obvious social pattern in spear style lies in ethnicity, 
the ethnic identity of a spear owner being evident in the formal attributes of the 
weapon he carries. It is also apparent, however, that ethnicity exhausts only a 
part of the cultural information encoded in the style of spears. Members of 
socioeconomic groups within individual ethnic units may be differentiated by the 
'ethnic' styles of their spears. In other words, herders (men and women) are able 
to identi@ the social age (age grade and generation) of a male by viewing the 
otherwise ethnic traits of his spear. Thus, the stylistic traits that express ethnicity 
seem intimately bound up with those that reflect social age within ethnic groups. 
Each type of distinction seems to be constructed in relation to the other. (Larik 
1986: 269) 



It should be noted that these spears are made of iron, not stone, and that their use is 

primarily intended for warfare, not hunting, but the general point of style being important 

beyond perceived technical differences is important. Indeed, "Loikop weapon owners give 

both techno-economic and cultural explanations for each recognized stylistic pattern." 

(Larik 1986: 272). 

One might wonder why it is so important to imbue an otherwise functional object 

with such symbolic significance. It is precisely because projectile points are distinctive 

have a critical functional role for foraging societies in the acquisition of their most valued 

food resource, meat, that projectile points are well placed to carry social and symbolic 

information. 

As viewed here, material objects are essential, active agents in the 
maintenance of complex social relations. They not only stand as tangible 
abbreviations for the quantity and quality of resources that an individual 
has access to, but also the production and acquisition of new classes of 
objects places groups of producers and consumers in new relations to one 
another. The manufacture, adoption, use, display and discard of material 
objects aids in the creation and definition of social distinctions and 
boundaries as well as the reproduction and maintenance of social 
divisions. (Gero 1989: 103) 

Given all this information, what criteria seem to be important in the selection of 

projectile point types? The availability of resources is clearly a factor, since one cannot 

make tools out of materials that one does not have or cannot acquire. Even if the material 

is available, concerns about survivability and lor the need for curation may affect the 

choice. The technical skill of the tool maker may also limit the range of point forms that 

can be manufactured. The actual relative effectiveness of the point for a specific purpose 

may be of less importance given the results of this study, but we cannot rule out the effects 

of perceived differences in affecting the choice of point form or material. Finally it seems 



that one of the most important influences on the choice of point form may be the stylistic 

and symbolic qualities which link the point and its user to the overall culture from which 

they come and upon which they ultimately depend. 



CHAPTER 5 

CONCLUSIONS 

With the results from these experiments it is now possible to address some of the 

questions that were asked earlier in this paper. 

1. "How does fire hardening wooden points affect their performance?" In a 

nutshell, it doesn't. Fire hardening had no significant effect on either the penetration or the 

survivability of the wooden points - either soft wood or hard wood. It seems that fire 

hardening may have more to do with the ease of producing a sharp point on a wooden 

stake, than on the actual performance of the tool. 

2.  "When is it better to use a wooden point rather than a stone point?" When used 

against medium to small animals with relatively thin skins or hide, the wooden points 

performed as well as many of the stone points. They certainly penetrated deeply enough 

to kill or mortally wound the target which is what hunting is all about. Other advantages 

of wooden points are that they do not require rare or expensive resources such as the 

better stones, they wear well and show little damage, they are easy to manufacture (in fire) 

and to curate. Thus wooden points are a durable and inexpensive choice when hunting 

medium to small game. 

3 .  "When is it better to use a stone point?" The primary advantage of stone points 

seems to lie in their ability to hold a sharp edge which can cut through thicker hides and 

therefore penetrate more deeply into larger animals. This ability however is not universal 

and is also dependent upon the form of the point. Never the less it is obvious that stone 

points are essential for regular big game hunting. One suspects that their use on smaller 

game may be due more to prestige and habit than to optimized economics. 



4. "What are the strengths and weaknesses of each kind of material, with regards to 

breakage, and repair". Obsidian may be the finest material to work with, but its breakage 

rate is extremely high, making it a poor overall choice. Most of the other stones are fairly 

durable, but require occasional curation. Slate and basalt are the most difficult stones to 

work with because of their structure. Chert and flint have the best attributes among the 

stones, being highly durable but easy to work and repair. The most forgiving material of 

all however, were the wooden points. 

5. "What is the best use for each style or form of point, based on their ability to 

penetrate, and cause damage?" Two answers have to be given to this question, one based 

on observed patterns, and the other on inferred significance. Based on the observed 

patterns, the following is true: in general the Small Triangle points, the points with 

Serrated edges, and the Leaf shaped points seemed to have the best overall performance. 

Of these the medium points with serrated edges did the most damage, while the Small 

Triangles did the least. The thin Lanceolate points also did quite well when shot into a 

soft target,such as straw, but this dropped quickly when they were used against harder 

targets. Furthermore because of their narrow width the lanceolate points had the lowest 

rate of damage per form. By contrast the large triangle points did the most damage 

overall, but had the lowest average depth of penetration, meaning that they would be least 

likely to reach the critical organs that have to be damaged to cause rapid incapacitation or 

death. The performance of the medium triangle points was in all respects medium. 

On the basis of inferred statistical significance however, little or no differential 

performance can be discerned. In other words, there does not appear to be any real 

difference in performance between the various point forms that were tested in this 

experiment. 

6.  "Given different types of target animal, ( a small pig vs. a large moose for 

example ) which points would be most effective?" Given my choice and unlimited 

resources, I would use a medium sized flint point with a serrated edge for all my hunting 
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needs. Next to that, my choice would be a small triangular arrowhead made of Chert or 

Flint. If cost was an object however, I would save these points for larger animals and use 

wooden tipped projectiles for the smaller game. 

These answers are not definitive, but are based on the results of experimental 

procedures that have tried to control for as many variables as possible. As such they may 

provide a baseline for further study. The real world is always far more complex and 

confounding than the lab, and factors are seldom 'controlled' in the hunt. 



APPENDIX A 

COMPARISON OF FORCE AND KINETIC ENERGY 

DEP VAR: ENERGY N: 364 MULTIPLE R: 0.959 SQUARED MULTIPLE R: 0.920 
ADJUSTED SQUARED MULTIPLE R: .920 STANDARD ERROR OF ESTIMATE: 3.748 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T p(2 
TAIL) 

CONSTANT -15.993 0.655 0.000 -24.412 0.000 
FORCE 1.144 0.018 0.959 1.000 64.513 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 58459.066 1 58459.066 4161.936 0.000 
RESIDUAL 5084.697 362 14.046 

ENERGY VS. DEPTH OF PENETRATION 
>MODEL DEPTH = CONSTANT+ENERGY 
DEP VAR: DEPTH N: 364 MULTIPLE R: 0.663 SQUARED MULTIPLE R: 0.440 
ADJUSTED SQUARED MULTIPLE R: .438 STANDARD ERROR OF ESTIMATE: 56.908 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T p(2 
TAIL) 

CONSTANT 52.368 6.249 0.000 8.380 0.000 
ENERGY 3.805 0.226 0.663 1 .OOO 16.855 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 9 19990.865 1 919990.865 284.079 0.000 
RESIDUAL 1172337.278 362 3238.501 



APPENDIX B 

COMPARISON OF MATERIALS 

B1: WOOD 
LEVELS ENCOUNTERED DURING PROCESSING ARE: 
MATERIALS 
BIRCH FIRE BIRCH FIRE MAPLE MAPLE 

HOMOGENEITY O F  SLOPES 

DEP VAR: DEPTH N: 8 1 MULTIPLE R: 0.357 SQUARED MULTIPLE R: 0.128 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO 

FORCE 89645.147 1 89645.147 10.819 
MATERIAL$ 
*FORCE 2260.373 3 753.458 0.091 

ERROR 629706.516 76 8285.612 

ANCOVA 

DEP VAR: DEPTH N: 81 MULTIPLE R: 0.356 SQUARED MULTIPLE R: 0.126 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO 

MATERIAL$ 1316.582 3 438.861 0.053 0.984 
FORCE 89919.818 1 89919.818 10.836 0.002 

ERROR 630650.306 76 8298.030 

>HYPOTHESIS 
>POST MATERIAL$ / TUKEY 
COW 



ROW MATERIALS 
1 BIRCH 
2 FIRE BIRCH 
3 FIRE MAPLE 
4 MAPLE 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 
>TEST 

USING MODEL MSE OF 8298.030 WITH 76. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 

B2: STEEL VS. WOOD. VS. STONE. 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
MAT$ 
STEEL STONE WOOD 

HOMOGENEITY OF SLOPES 

DEP VAR: DEPTH N: 364 MULTIPLE R: 0.773 SQUARED MULTIPLE R: 0.598 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 1232436.985 1 1232436.985 526.878 0.000 
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ERROR 842087.175 360 2339.13 1 

ANCOVA: 

DEP VAR: DEPTH N: 364 MULTIPLE R: 0.773 SQUARED MULTIPLE R: 0.597 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

MAT$ 155068.607 2 77534.304 33.133 0.000 
FORCE 1101300.453 1 1101300.453 470.625 0.000 

ERROR 842428.392 360 2340.079 

COW 
ROW MAT$ 

1 STEEL 
2 STONE 
3 WOOD 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 

USING MODEL MSE OF 2340.079 WITH 360. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 



B3: ALL STONE POINTS 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
MATERIAL$ 
BASALT CHALCEDONY CHERT OBSIDIAN SLATE 

HOMOGENEITY OF SLOPE: 

DEP VAR: DEPTH N: 3 16 MULTIPLE R: 0.755 SQUARED MULTIPLE R: 0.570 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 863507.824 1 863507.824 370.266 0.000 
MATERIAL$ 
*FORCE 57567.5 14 4 14391.879 6.171 0.000 

ERROR 722959.993 3 10 2332.129 

ANCOVA: 

DEP VAR: DEPTH N: 316 MULTIPLE R: 0.75 1 SQUARED MULTIPLE R: 0.564 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

MATERIAL$ 47380.25 1 4 11845.063 5.009 0.001 
FORCE 894004.150 1 894004.150 378.016 0.000 

ERROR 733147.256 310 2364.991 

>HYPOTHESIS 
>POST MATERIALS 1 TUKEY 
COLI 
ROWMATERIALS 

1 BASALT 
2 CHALCEDONY 
3 CHERT 
4 OBSIDIAN 
5 SLATE 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 



USING MODEL MSE OF 2364.991 WITH 310. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 

B4: ALL STONE, EXCEPT FLINT 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
MATERIAL$ 
BASALT CHERT OBSIDIAN SLATE 

HOMOGENEITY OF SLOPE: 

DEP VAR: DEPTH N: 238 MULTIPLE R: 0.7 16 SQUARED MULTIPLE R: 0.5 12 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO 

FORCE 574483.021 1 574483.02 1 235.372 0.000 
MATERIALS 
*FORCE 7299.785 3 2433.262 0.997 0.395 

ERROR 568693.596 233 2440.745 



ANCOVA: 

DEP VAR: DEPTH N: 238 MULTIPLE R: 0.7 16 SQUARED MULTIPLE R: 0.5 12 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

MATERIAL$ 7062.565 3 2354.188 0.964 0.410 
FORCE 586876.591 1 586876.591 240.350 0.000 

ERROR 568930.816 233 2441.763 

>HYPOTHESIS 
>POST MATERIAL$ / TUKEY 
COLI 
ROWMATERIAL$ 

1 BASALT 
2 CHERT 
3 OBSIDIAN 
4 SLATE 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 
>TEST 

USING MODEL MSE OF 2441.763 WITH 233. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 



BS: ALL MATERIAL EXCEPT STEEL AND FLINT 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
MATERIAL$ 
BASALT BIRCH FIRE BIRCH FIRE MAPLE MAPLE OBSIDIAN SLATE 

HOMOGENEITY OF SLOPES: 

DEP VAR: DEPTH N: 367 MULTIPLE R: 0.452 SQUARED MULTIPLE R: 0.204 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE 

FORCE 445 112.162 1 445 112.162 
MATERIALS 
*FORCE 33936.581 6 5656.097 

F-RATIO P 

77.712 0.000 

0.987 0.433 

ERROR 2056248.3 I0 359 5727.71 1 

DEP VAR: DEPTH N: 367 MULTIPLE R: 0.447 SQUARED MULTIPLE R: 0.199 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

MATERIAL$ 2253 1.95 1 6 3755.325 0.652 0.689 
FORCE 500508.670 1 500508.670 86.902 0.000 

ERROR 2067652.940 359 5759.479 

 HYPOTHESIS 
>POST MATERIAL$/ TUKEY 
COLI 
ROWMATERIAL$ 

1 BASALT 
2 BIRCH 
3 FIRE BIRCH 
4 FIRE MAPLE 
5 MAPLE 
6 OBSIDIAN 
7 SLATE 



USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 
>TEST 

USING MODEL MSE OF 5759.479 WITH 359. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 



APPENDIX C 

REGRESSION EQUATIONS 

C1: ALL WOODEN POINTS 
DEP VAR: DEPTH N: 32 MULTIPLE R: 0.887 SQUARED MULTIPLE R: 0.788 
ADJUSTED SQUARED MULTIPLE R: .780 STANDARD ERROR OF ESTIMATE: 3 5.52 1 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T p(2 
T-'w 

CONSTANT 57.113 12.873 0.000 4.437 0.000 
ENERGY 4.908 0.465 0.887 1.000 10.546 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 140321.847 1 140321.847 111.215 0.000 
RESIDUAL 37851.653 30 1261.722 

C2: ALL STONE POINTS ' 

DEP VAR: DEPTH N: 3 16 MULTIPLE R: 0.679 SQUARED MULTIPLE R: 0.461 
ADJUSTED SQUARED MULTIPLE R: A60 STANDARD ERROR OF ESTIMATE: 53.693 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 
TAW 

CONSTANT 45.801 6.371 0.000 7.189 0.000 
ENERGY 3.746 0.228 0.679 1 .OOO 16.395 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 774945.0 18 1 774945.018 268.805 0.000 
RESIDUAL 905238.577 3 14 2882.925 

C3: FLINT 
DEP VAR: DEPTH N: 78 MULTIPLE R: 0.755 SQUARED MULTIPLE R: 0.571 
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ADJUSTED SQUARED MULTIPLE R: .565 STANDARD ERROR OF ESTIMATE: 51.605 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 
TAIL) 

CONSTANT 43.226 12.829 0.000 3.369 0.00 1 
ENERGY 4.774 0.475 0.755 1 .OOO 10.049 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 268947.114 1 268947.114 100.990 0.000 
RESIDUAL 202396.886 76 2663.117 

C4: OBSIDIAN 
DEP VAR: DEPTH N: 98 MULTIPLE R: 0.6 15 SQUARED MULTIPLE R: 0.378 
ADJUSTED SQUARED MULTIPLE R: .372 STANDARD ERROR OF ESTIMATE: 55.909 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T p(2 
TAIL) 

CONSTANT 52.514 12.434 0.000 4.223 0.000 
ENERGY 3.461 0.453 0.615 1.000 7.642 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 182523.4 10 1 182523.410 58.393 0.000 
RESIDUAL 300073.977 96 3125.771 

C5: BASALT 
DEP VAR: DEPTH N: 48 MULTIPLE R: 0.670 SQUARED MULTIPLE R: 0.449 
ADJUSTED SQUARED MULTIPLE R: .437 STANDARD ERROR OF ESTIMATE: 50.769 

VARIABLE COEFFICIENT STDERROR STD COEF TOLERANCE T P(2 
TAIL) 

CONSTANT 40.721 14.773 0.000 2.756 0.008 
ENERGY 3.017 0.493 0.670 1.000 6.117 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 96438.9 1 1 1 96438.91 1 37.416 0.000 
RESIDUAL 118564.402 46 2577.487 
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C6: SLATE 
DEP VAR: DEPTH N: 44 MULTIPLE R: 0.800 SQUARED MULTIPLE R: 0.640 
ADJUSTED SQUARED MULTIPLE R: .632 STANDARD ERROR OF ESTIMATE: 39.5 13 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 
TAIL) 

CONSTANT 39.523 11.970 0.000 3.302 0.002 
ENERGY 3.920 0.453 0.800 1.000 8.644 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO 

REGRESSION 116657.949 1 1 16657.949 74.718 
RESIDUAL 65574.778 42 1561.304 

C7: CHERT 
DEP VAR: DEPTH N: 48 MULTIPLE R: 0.73 1 SQUARED MULTIPLE R: 0.535 
ADJUSTED SQUARED MULTIPLE R: .524 STANDARD ERROR OF ESTIMATE: 52.843 

VARIABLE COEFFICIENT STDERROR STD COEF TOLERANCE T P(2 
TAIL) 

CONSTANT 32.545 15.728 0.000 2.069 0.044 
ENERGY 3.899 0.536 0.73 1 1 .OOO 7.268 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 147524.195 1 147524.195 52.831 0.000 
RESIDUAL 128449.784 46 2792.387 

C8: STEEL 
DEPVAR: DEPTH N: 16 MULTIPLER:0.891 SQUAREDMULTIPLER:0.795 
ADJUSTED SQUARED MULTIPLE R: .780 STANDARD ERROR OF ESTIMATE: 35.383 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T p(2 
TAIL) 

CONSTANT 112.794 17.609 0.000 6.405 0.000 
ENERGY 5.540 0.753 0.891 1 .OOO 7.361 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO 
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REGRESSION 67843.871 1 67843.871 54.189 0.000 
RESIDUAL 17527.879 14 1251.991 



APPENDIX D 

COMPARISON OF FORMS 

Dl: ALL POINT FORMS TESTED AGAINST ALL TARGETS: 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
FORM$ 
LF LN LT MI3 MT SR 

HOMOGENEITY OF SLOPES: 

DEP VAR: DEPTH N: 592 MULTIPLE R: 0.554 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE 

FORCE 1100732.382 1 1100732.382 
FORM$*FORCE 313937.150 6 52322.858 

ERROR 3183112.137 584 5450.534 

ANCOVA: 

DEP VAR: DEPTH N: 592 MULTIPLE R: 0.544 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE 

FORM$ 262846.443 6 43807.740 
FORCE 114699 1.698 1 1146991.698 

ST 

SQUARED MULTIPLE R: 0.307 

F-RATIO 

20 1.949 
9.600 

SQUARED MULTIPLE R: 0.296 

F-RATIO P 

ERROR 3234202.844 584 5538.019 



COL/ 
ROW FORM$ 

1 LF 
2 LN 
3 LT 
4 MB 
5 m  
6 SR 
7 ST 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 

USINGMODELMSEOF 5538.019WITH 584.DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 



D2: GROUP 1 FORMS: 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
FORM$ 
LF SR ST 

HOMOGENEITY OF SLOPES: 

DEP VAR: DEPTH N: 245 MULTIPLE R: 0.688 SQUARED MULTIPLE R: 0.473 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 789737.898 1 789737.898 213.708 0.000 
FORM$*FORCE 8346.0 10 2 4173.005 1.129 0.325 

ERROR 890593.647 241 3695.409 

ANCOVA: 

DEP VAR: DEPTH N: 245 MULTIPLE R: 0.687 SQUARED MULTIPLE R: 0.472 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORM$ 6773.057 2 3386.529 0.915 0.402 
FORCE 782532.366 1 782532.366 211.385 0.000 

ERROR 892166.600 241 3701.936 

COL/ 
ROW FORM$ 

1 LF 
2 SR 
3 ST 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 

USING MODEL MSE OF 3701.936 WITH 24 1. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

1 2 3 



TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 

D3: GROUP 2 POINTS: 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
FORM 
LN MT 

HOMOGENEITY OF SLOPES: 

DEP VAR: DEPTH N: 232 MULTIPLE R: 0.403 SQUARED MULTIPLE R: 0.163 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 287534.11 1 1 287534.11 1 40.707 0.000 
FORM$*FORCE 22498.782 1 22498.782 3.185 0.076 

ERROR 1617533.129 229 7063.463 

ANCOVA: 

DEP VAR: DEPTH N: 232 MULTIPLE R: 0.403 SQUARED MULTIPLE R: 0.162 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORM$ 21482.814 1 21482.814 3.039 0.083 
FORCE 301 178.279 1 301 178.279 42.612 0.000 

ERROR 1618549.097 229 7067.900 

>HYPOTHESIS 
>POST FORM$/ TUKEY 
COL/ 
ROW FORM$ 

1 LN 
2 M T  



USMG LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 

USING MODEL MSE OF 7067.900 WITH 229. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 

D4: GROUP 3 POINTS: 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
FORM$ 
LT MB 

HOMOGENEITY OF SLOPE: 

DEP VAR: DEPTH N: 115 MULTIPLE R: 0.399 SQUARED MULTIPLE R: 0.160 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 123296.455 1 123296.455 20.878 0.000 
FORM$*FORCE 0.946 1 0.946 0.000 0.990 

ERROR 661417.509 112 5905.513 



ANCOVA: 

DEP VAR: DEPTH N: 1 15 MULTIPLE R: 0.399 SQUARED MULTIPLE R: 0.160 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORM$ 44.486 1 44.486 0.008 ' 0.931 
FORCE 125394.231 1 125394.23 1 21.235 0.000 

ERROR 661373.969 112 5905.125 

>HYPOTHESIS 
>POST FORM$/ TUKEY 
COLI 
ROW FORM$ 

1 LT 
2 MI3 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 

USING MODEL MSE OF 5905.125 WITH 1 12. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 



APPENDIX E 

COMPARISON BY TARGET 

El: DEPTH OF PENETRATION INTO PIG RIBS, BY FORM: 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
FORM$ 
LF LN LT MI3 MT SR ST 

HOMOGENEITY OF SLOPE: 

DEP VAR: DEPTH N: 83 MULTIPLE R: 0.688 SQUARED MULTIPLE R: 0.473 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 285238.395 1 285238.395 58.337 0.000 
FORM$*FORCE 7795 1.188 6 12991.865 2.657 0.022 

ERROR 3667 10.23 1 75 4889.470 

ANCOVA: 

DEP VAR: DEPTH N: 83 MULTIPLE R: 0.670 SQUARED MULTIPLE R: 0.449 . 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORM$ 6 1480.092 6 10246.682 2.006 0.075 
FORCE 255559.41 1 1 255559.41 1 50.02 1 0.000 

ERROR 383181.327 75 5109.084 



>POST FORM$ / TUKEY 
COL/ 
ROW FORM$ 

1 LF 
2 LN 
3 LT 
4 MB 
5 MT 
6 SR 
7 ST 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 

USING MODEL MSE OF 5 109.084 WITH 75. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 

E2: DEGREE OF PENETRATION INTO PIG RIBS: 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
FORM$ 
LF LN LT MB MT SR ST 



HOMOGENEITY OF SLOPE: 

DEP VAR: PEN N: 74 MULTIPLE R: 0.677 SQUARED MULTIPLE R: 0.459 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 13 1.659 1 131.659 50.167 0.000 
FORM$*FORCE 22.081 6 3.680 1.402 0.227 

ERROR 173.211 66 2.624 

ANCOVA: 

DEP VAR: PEN N: 74 MULTIPLE R: 0.680 SQUARED MULTIPLE R: 0.462 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORM$ 23.119 6 3.853 1.477 0.200 
FORCE 125.458 1 125.458 48.092 0.000 

ERROR 172.173 66 2.609 

 HYPOTHESIS 
>POST FORM$/ TUKEY 
COL/ 
ROW FORM$ 

1 LF 
2 LN 
3 LT 
4 MB 
5 MT 
6 SR 
7 ST 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF PEN 

USING MODEL MSE OF 2.609 WITH 66. DF.. 
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MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 

E3: DAMAGE TO PIG RIBS, BY POINT FORM: 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
FORM% 
LF LN LT MB MT SR ST 

HOMOGENEITY OF SLOPES: 

DEP VAR: DAMAGE N: 83 MULTIPLE R: 0.675 SQUARED MULTIPLE R: 0.455 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE .159358E+09 1 . 159358Ei-09 47.891 0.000 
FORM$*FORCE .735710E+08 6 .  122618Ei-08 

3.685 0.003 

ERROR .249562E+09 75 3327492.895 

ANCOVA: 



DEP VAR: DAMAGE N: 83 MULTIPLE R: 0.648 SQUARED MULTIPLE R: 0.420 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORM$ .573819E+08 6 956365 1.213 2.699 0.020 
FORCE .139746E+09 1 . 13 9746E+09 39.439 0.000 

ERROR .26575 1EM9 75 3543347.321 

>HYPOTHESIS 
>POST FORM$ / TUKEY 
COL/ 
ROW FORM$ 
1 LF 
2 LN 
3 LT 
4 MI3 
5 MT 
6 SR 
7 ST 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DAMAGE 

USING MODEL MSE OF 3543347.32 1 WITH 75. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 



5 1.000 0.181 0.946 0.988 1.000 
6 0.897 0.038 1.000 0.999 0.817 1.000 
7 0.982 0.253 1.000 1.000 0.968 1.000 1.000 

E4: DEPTH OF PENETRATION INTO PIG RIBS, BY MATERIAL: 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
MATERIAL$ 
BASALT FLINT OBSIDIAN SLATE STEEL WOOD 

HOMOGENEITY OF SLOPES: 

DEP VAR: DEPTH N: 83 MULTIPLE R: 0.754 SQUARED MULTIPLE R: 0.568 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 243769.605 1 243769.605 61.643 0.000 
MATERIAL$ 
*FORCE 1441 18.099 5 28823.620 7.289 0.000 

ERROR 300543.320 76 3954.517 

ANCOVA: 

DEP VAR: DEPTH N: 83 MULTIPLE R: 0.734 SQUARED MULTIPLE R: 0.539 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

MATERIALS 124019.865 5 24803.973 5.879 0.000 
FORCE 244606.206 1 244606.206 57.978 0.000 

ERROR 320641.554 76 4218.968 

COLI 
ROWMATERIAL$ 

1 BASALT 
2 FLINT 
3 OBSIDIAN 
4 SLATE 
5 STEEL 
6 WOOD 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 

USING MODEL MSE OF 4218.968 WITH 76. DF. 



MATRIX OF PAJRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE CQMPARISONS. 
M A T W  OF PAIRWISE COMPARISON PROBABILITIES: 

E5: DAMAGE TO PIG, BY MATERIAL 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
MATERIAL$ 
BASALT FLINT OBSIDIAN SLATE STEEL 

1 .ooo 

WOOD 

HOMOGENEITY OF SLOPES: 

DEP VAR: DAMAGE N: 83 MULTIPLE R: 0.820 SQUARED MULTIPLE R: 0.672 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE . .165002E+09 1 .165002E+09 83.551 0.000 
MATERIAL$ 
*FORCE .173044E+09 5 .346087E+08 17.525 0.000 

ERROR .150089E+09 76 1974861.192 

ANCOVA: 

DEP VAR: DAMAGE N: 83 MULTIPLE R: 0.777 SQUARED MULTIPLE R: 0.603 

ANALYSIS OF VARIANCE 
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SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

MATERIAL$ .141334E+09 5 .282669E+08 11.817 0.000 
FORCE .136096E+09 1 .136096E+09 56.894 0.000 

ERROR .181799E+09 76 2392086.630 

>HYPOTHESIS 
>POST MATERIAL$ / TUKEY 
COL/ 
ROWMATERIAL$ 

1 BASALT 
2 FLINT 
3 OBSIDIAN 
4 SLATE 
5 STEEL 
6 WOOD 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DAMAGE 

USING MODEL MSE OF 2392086.630 WITH 76. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 



E6: DEPTH OF PENETRATION INTO MOOSE, BY POINT FORM: 

LEVELS ENCOUNTERED DURTNG PROCESSING ARE: 
FORM$ 
LF LN LT MB MT SR ST 

HOMOGENEITY OF SLOPES: 

DEP VAR: DEPTH N: 77 MULTIPLE R: 0.599 SQUARED MULTIPLE R: 0.358 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 44366.268 1 44366.268 25.456 0.000 
FORM$*FORCE 263 18.221 6 4386.370 2.517 0.029 

ERROR 120256.242 69 1742.844 

ANCOVA: 

DEP VAR: DEPTH N: 77 MULTIPLE R: 0.548 SQUARED MULTIPLE R: 0.300 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORM$ 1546 1.879 6 2576.980 1.356 0.245 
FORCE 4095 1.868 1 40951.868 21.552 0.000 

ERROR 13 11 12.584 69 1900.182 

 HYPOTHESIS 
>POST FORM$/ TUKEY 
COLI 
ROW FORM$ 

1 LF 
2 LN 
3 LT 
4 M B  
5 m  
6 SR 
7 ST 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 

USING MODEL MSE OF 1900.182 WITH 69. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 
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TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PARWISE COMPARISON PROBABILITIES: 

E7: DAMAGE TO MOOSE, BY FORM: 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
FORM$ 
LF LN LT MB MT SR ST 

HOMOGENEITY OF SLOPES: 

DEP VAR: DAMAGE N: 77 MULTIPLE R: 0.592 SQUARED MULTIPLE R: 0.350 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE .193421E+08 1 .193421E+08 22.566 0.000 
FORM$ *FORCE .150624E+08 6 2510394.501 

2.929 0.013 

ERROR .591428E+08 69 857142.497 

ANCOVA: 



DEP VAR: DAMAGE N: 77 MULTIPLE R: 0.540 SQUARED MULTIPLE R: 0.292 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORM$ 9756473.443 6 1626078.907 1.741 0.125 
FORCE .168516E+08 1 .168516E+08 18.042 0.000 

ERROR .644487E+08 69 934039.505 

>HYPOTHESIS 
>POST FORM% / TUKEY 
COW 
ROW FORM% 

1 LF 
2 LN 
3 LT 
4 MB 
5 M T  
6 SR 
7 ST 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DAMAGE 
>TEST 

USING MODEL MSE OF 934039.505 WITH 69. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 



E8: DEPTH OF PENETRATION INTO MOOSE BY MATERIAL 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
MATERIAL$ 
BASALT CHERT FLINT OBSIDIAN SLATE STEEL WOOD 

HOMOGENEITY OF SLOPES: 

DEP VAR: DEPTH N: 77 MULTIPLE R: 0.598 SQUARED MULTIPLE R: 0.358 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

FORCE 41796.802 1 41796.802 23.954 0.000 
MATERIAL$ 
*FORCE 26177.903 6 4362.984 2.500 0.030 

ERROR 120396.560 69 1744.878 

ANCOVA: 

DEP VAR: DEPTH N: 77 MULTIPLE R: 0.587 SQUARED MULTIPLE R: 0.345 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

MATERIAL$ 23756.455 6 3959.409 2.224 0.051 
FORCE 41009.018 1 41009.018 23.039 0.000 

ERROR 122818.008 69 1779.971 

 HYPOTHESIS 
>POST MATERIALS / TUKEY 
COL/ 
ROWMATERIAL$ 

1 BASALT 
2 CHERT 
3 FLINT 
4 OBSIDIAN 



5 SLATE 
6 STEEL 
7 WOOD 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DEPTH 

USING MODEL MSE OF 1779.971 WITH 69. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 

E9: DAMAGE DONE TO MOOSE, BY MATERIAL 

LEVELS ENCOUNTERED DURING PROCESSING ARE: 
MATERIAL$ 
BASALT CHERT FLINT OBSIDIAN SLATE STEEL 
WOOD 

HOMOGENEITY OF SLOPES 

DEP VAR: DAMAGE N: 77 MULTIPLE R: 0.641 SQUARED MULTIPLE R: 0.41 1 

ANALYSIS OF VARIANCE 

SOURCE. SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 



FORCE .186872E+08 1 . 186872EM8 24.057 0.000 
MATERIAL$ 
*FORCE .206066E+08 6 3434437.432 4.421 0.001 

ERROR .535986E+08 69 776790.937 

ANCOVA: 

DEP VAR: DAMAGE N: 77 MULTIPLE R: 0.633 SQUARED MULTIPLE R: 0.400 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

MATERIAL$ .l96082E+08 6 3268037.859 4.130 0.001 
FORCE .168804E+08 1 .168804E+08 21.334 0.000 

ERROR .545970E+08 69 791260.465 

COLI ROWMATERIAL$ 
1 BASALT 
2 CHERT 
3 FLINT 
4 OBSIDIAN 
5 SLATE 
6 STEEL 
7 WOOD 

USING LEAST SQUARES MEANS. 

POST HOC TEST OF DAMAGE 

USING MODEL MSE OF 791260.465 WITH 69. DF. 
MATRIX OF PAIRWISE MEAN DIFFERENCES: 

TUKEY HSD MULTIPLE COMPARISONS. 
MATRIX OF PAIRWISE COMPARISON PROBABILITIES: 





APPENDIX F 

EDGEANGLE, WEIGHT AND AREA 

WEIGHT: 

DEP VAR: DEPTH N: 364 MULTIPLE R:0.279 SQUARED MULTIPLE R:0.078 
ADJUSTED SQUARED MULTIPLE R: .075 STANDARD ERROR OF ESTIMATE: 73.0 15 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL) 

CONSTANT 174.236 6.545 0.000 26.622 0.000 
WEIGHT -0.225 0.04 1 -0.279 1.000 -5.520 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 16244 1.434 1 162441.434 30.470 0.000 
RESIDUAL 1929886.709 362 5331.179 

AREA: 

DEP VAR: DEPTH N: 364 MULTIPLE R: 0.256 SQUARED MULTIPLE R: 0.065 
ADJUSTED SQUARED MULTIPLE R: .063 STANDARD ERROR OF ESTIMATE: 73 SO2 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL) 

CONSTANT 169.683 6.251 0.000 27.143 0.000 
AREA -0.111 0.022 -0.256 1.000 -5.028 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO 

REGRESSION 136595.007 1 136595.007 25.283 0.000 
RESIDUAL 1955733.136 362 5402.578 



EDGE ANGLE: 

DEP VAR: DEPTH N: 364 MULTIPLE R: 0.165 SQUARED MULTIPLE R: 0.027 
ADJUSTED SQUARED MULTIPLE R: .025 STANDARD ERROR OF ESTIMATE: 74.98 1 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE 

CONSTANT 175.917 10.488 0.000 16.773 
EDGEANGL -1.471 0.462 -0.165 ' 1.000 -3.187 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO 

REGRESSION 57098.927 1 57098.927 10.156 
RESIDUAL 2035229.215 362 5622.180 

T P(2 TAIL) 

DRAG: 

DEP VAR: DEPTH N: 364 MULTIPLE R: 0.289 SQUARED MULTIPLE R: 0.083 
ADJUSTED SQUARED MULTIPLE R: .081 STANDARD ERROR OF ESTIMATE: 72.792 

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T p(2 
TAIL) 

CONSTANT 175.229 6.518 0.000 . 26.885 0.000 
DRAG -0.104 0.018 -0.289 1.000 -5.734 0.000 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 174205.5 18 1 174205.518 32.877 0.000 
RESIDUAL 1918122.625 362 5298.681 



APPENDIX G 
PROJECTILE POINT DATA 





APPENDIX H 

ILLUSTRATIONS OF REPRESENTATIVE POINT FORMS 

Large Triangle 

Leaf Shaped 

Serrated Scale 1 : 1 



Medium Triangle 

Small Triangle 

Lanceolate 

Microblade Scale 1 : 1 

129 



POINT TARGET 

APPENDIX I 

RAW DATA ON ALL EXPERIMENTAL CASES 

STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 

PIG SHOULD 
PIG SHOULD 
PIG SHOULD 
PIG SHOULD 
PIG HAUNCH 
PIG HAUNCH 
PIG HAUNCH 
PIG HAUNCH 

MOOSE 
MOOSE 
MOOSE 
MOOSE 

MOOSE HIDE 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

FORCE ENERGY DEPTH PENETRAT 

RIBS 
m u  
m u  
m u  
RIBS 
RIBS 
RIBS 

OTHER 
BONE 
BONE 
BONE 
THRU 
RIBS 

CHEST 
RIBS 

CHEST 
OFF 

BREAKAGE DAMAGE MATERI 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
TIP 

MMOR 
MAJOR 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

AL 
4760 STEEL 
4452 STEEL 
4648 STEEL 
4956 STEEL 
5936 STEEL 
5096 STEEL 
4592 STEEL 
3332 STEEL 
5768 STEEL 
6132 STEEL 
6300 STEEL 
7560 STEEL 
9212 STEEL 
8876 STEEL 
7980 STEEL 

11144 STEEL 
1876 STEEL 
5880 STEEL 
7980 STEEL 
9632 STEEL 
1064 STEEL 
2800 STEEL 
1736 STEEL 
5292 STEEL 
1176 STEEL 
1820 STEEL 
5180 STEEL 
7952 STEEL 
1316 STEEL 
3080 STEEL 
2380 STEEL 
3416 STEEL 

0 STEEL 
4057.9 Obsidian 

4743 Obsidian 
4953.8 Obsidian 
5955.1 Obsidian 
7325.3 Obsidian 
706 1.8 Obsidian 



STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
MOOSE 
MOOSE 
MOOSE 
MOOSE 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
MOOSE 
MOOSE 
MOOSE 
MOOSE 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 

OFF 
SKIN 
RIBS 
RIBS 
OFF 
OFF 
OFF 
OFF 

RIBS 
RIBS 
THRU 
THRU 
OFF 
OFF 

FLESH 
RIBS 

OFF 
OFF 
SKIN 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
SHAFT 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

MAJOR 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

5533.5 Obsidian 
5533.5 Obsidian 

8432 Obsidian 
12753.4 Obsidian 
7430.7 Obsidian 
7272.6 Obsidian 
4268.7 Obsidian 

8432 Obsidian 
0 Obsidian 

1317.5 Obsidian 
3425.5 Obsidian 

2108 Obsidian 
0 Obsidian 
0 Obsidian 
0 Obsidian 
0 Obsidian 

1432.5 FLINT 
1222.4 FLINT 
1375.2 FLINT 
1375.2 FLINT 
2635.8 FLINT 
3132.4 FLINT 

2674 FLINT 
2826.8 FLINT 
4641.3 FLINT 
4049.2 FLINT 
5634.5 FLINT 
3915.5 FLINT 
5959.2 FLINT 
5233.4 FLINT 
4985.1 FLINT 
5233.4 FLINT 
1547.1 FLINT 
1489.8 FLINT 
5137.9 FLINT 
5309.8 FLINT 

0 FLINT 
0 FLINT 

1719 FLINT 
1241.5 FLINT 

1258 FLINT 
1105 FLINT 
2278 FLINT 
2516 FLINT 
3349 FLINT 
3485 FLINT 
6613 FLINT 
3876 FLINT 

0 FLINT 
0 FLINT 

425 FLINT 



MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 

STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 

PIG HAUNCH 
PIG HAUNCH 
PIG HAUNCH 

STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 

SKIN 

FLESH 
OTHER 
THRU 

SKIN 
RIBS 
RIBS 

OTHER 
OFF 

FLESH 
FLESH 

SKIN 
SKIN 

CHEST 
RIBS 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
SNAP 
SNAP 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
SHAFT 
NONE 
NONE 
SNAP 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
SNAP 

833 FLINT 
2380 FLINT 
2635 FLINT 
3451 FLINT 
3995 nrm 
3468 nm 
4114 FLINT 
1818 Obsidian 

1777.6 Obsidian 
2181.6 Obsidian 
2282.6 Obsidian 
3676.4 Obsidian 
3716.8 Obsidian 
3 110.8 Obsidian 
3292.6 Obsidian 
6019.6 Obsidian 

4141 Obsidian 
4120.8 Obsidian 

4242 Obsidian 
4403.6 Obsidian 
5413.6 Obsidian 

6060 Obsidian 
3413.8 Obsidian 
868.6 Obsidian 

1575.6 Obsidian 
2425 Obsidian 

0 Obsidian 
1240.2 Obsidian 
1825.2 Obsidian 

2223 Obsidian 
4422.6 Obsidian 

2574 Obsidian 
4165.2 Obsidian 
3369.6 Obsidian 
538.2 Obsidian 

166 1.4 Obsidian 
1614.6 Obsidian 
3486.6 Obsidian 

0 Obsidian 
1684.8 Obsidian 

1170 Obsidian 
0 Obsidian 
0 Obsidian 

4563 Obsidian 
0 Obsidian 

5616 Obsidian 
4482 Obsidian 

513 Obsidian 
594 Obsidian 

4482 Obsidian 
1728 Obsidian 



STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
MOOSE 
MOOSE 
MOOSE 
MOOSE 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG IUBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
MOOSE 
MOOSE 
MOOSE 
MOOSE 

MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 

STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

OFF 
SKIN 
OFF 
s m  
OFF 
OFF 
OFF 
OFF 

FLESH 
CHEST 
THRU 
THRU 
OFF 
SKIN 

FLESH 
CHEST 

OFF 
OFF 

FLESH 

NONE 
NONE 
SNAP 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
SNAP 
NONE 

0 Obsidian 
1620 Obsidian 
3105 Obsidian 

3286.4 BASALT 
2844 BASALT 

0 BASALT 
4771.6 BASALT 
6888.8 BASALT 

2844 BASALT 
5087.6 BASALT 

5214 BASALT 
0 BASALT 

916.4 BASALT 
0 BASALT 

790 BASALT 
0 BASALT 
0 BAS.ALT 
0 BASALT 
0 BASALT 

2046.1 FLINT 
1269.1 FLINT 
4377.1 FLINT 

4921 FLINT 
6863.5 FLINT 
5905.2 FLINT 
8624.7 FLINT 
7226.1 FLINT 
802.9 FLINT 

2641.8 FLINT 
5024.6 FLINT 

7252 FLINT , 

0 FLINT 
492.1 FLINT 

1087.8 FLINT 
4247.6 FLINT 

0 FLINT 
0 FLINT 

1269.1 FLINT 
3004.4 FLINT 
3392.9 FLINT 
4273.5 FLINT 
5749.8 FLINT 
2857.5 Obsidian 

3375 Obsidian 
4072.5 Obsidian 
2722.5 Obsidian 

5130 Obsidian 
4365 Obsidian 
6660 Obsidian 
5175 Obsidian 
1980 Obsidian 



STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG FUBS 
PIG RIBS 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
MOOSE 
MOOSE 
MOOSE 
MOOSE 

MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 

STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

SKIN 
CHEST 
THRU 

OTHER 

RIBS 
CHEST 

106 BACKBONE 
65 BACKBONE 

CHEST 
OFF 
OFF 
OFF 
OFF 
OFF 

RIBS 
CHEST 
OTHER 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
SHAFT 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

TIP 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

TIP 
SNAP 
NONE 
NONE 
NONE 
NONE 
NONE 

3937.5 Obsidian 
4567.5 Obsidian 
6637.5 Obsidian 

630 Obsidian 
3555 Obsidian 
4950 Obsidian 

3037.5 Obsidian 
1406.4 FLINT 
2109.6 FLINT 
3164.4 FLINT 
4541.5 FLINT 
3516 FLINT 
2930 FLINT 

4248.5 FLINT 
2783.5 FLINT 
5068.9 FLINT 
7295.7 FLINT 
5860 FLINT 

6475.3 FLINT 
7032 FLINT 

7149.2 FLINT 
1758 FLINT 

1845.9 FLINT 
3105.8 FLINT 
1904.5 
2109.6 FLINT 

o nim 
0 FLINT 
0 FLINT 
o FLINT 
o 

1787.3 
o FLINT 

879 FLINT 
1465 FLINT 
2295 FLINT 

2779.5 FLINT 
2575.5 FLINT 
2652 FLINT 

3748.5 FLINT 
3825 FLINT 

4513.5 FLINT 
5227.5 FLINT 
1020 FLINT 
2040 FLINT 

2677.5 FLINT 
1755 nm 
975 FLINT 

2983.5 FLINT 
2359.5 FLINT 
3198 FLINT 



STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
MOOSE 
MOOSE 
MOOSE 
MOOSE 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 

PIG HAUNCH 
PIG HAUNCH 

STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

OFF 
OFF 
RIBS 

CHEST 

FLESH 
OFF 

OFF 
55 BACKBONE 

159 OTHER 
168 THRU 
29 FLESH 
35 FLESH 
54 
58 
76 
92 

13 1 
132 
158 

135 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
SHAFT 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

TIP 
MINOR 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
SNAP 
SNAP 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

MAJOR 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

3880.5 FLINT 
4680 FLINT 

4348.5 FLINT 
780 FLINT 

2925 FLINT 
4095 FLINT 
3588 FLINT 
6435 FLINT 

2111.1 FLINT 
1861.4 FLINT 
2633.2 FLINT 

2270 FLINT 
3064.5 FLINT 
3586.6 FLINT 
5425.3 FLINT 
4403.8 FLINT 

0 FLINT 
0 FLINT 

1225.8 FLINT 
2315.4 FLINT 
2360.8 Obsidian 
3109.9 Obsidian 
1929.5 Obsidian 

3859 Obsidian 
4313 Obsidian 

3836.3 Obsidian 
4994 Obsidian 

6446.8 Obsidian 
908 Obsidian 

0 Obsidian 
724.2 Obsidian 
1065 Obsidian 

1874.4 Obsidian 
1938.3 Obsidian 
2641.2 Obsidian 

2556 Obsidian 
3365.4 Obsidian 
3 173.7 Obsidian 

0 Obsidian 
1171.5 Obsidian 
3386.7 Obsidian 
3578.4 Obsidian 
617.7 Obsidian 
745.5 Obsidian 

1387.8 Obsidian 
1490.6 Obsidian 
1953.2 Obsidian 
2364.4 Obsidian 
3366.7 Obsidian 
3392.4 Obsidian 
4060.6 Obsidian 



STRAW 
MOOSE 
MOOSE 
MOOSE 
MOOSE 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
MOOSE 
MOOSE 
MOOSE 
MOOSE 

MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 

STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 
MOOSE 
MOOSE 
MOOSE 
MOOSE 

MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 

STRAW 

STRAW 

STRAW 

OFF 
OFF 

FLESH 
FLESH 

FLESH 
SKIN 

CHEST 
m u  
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 

SKIN 
RIBS 
m u  

53 BACKBONE 
145 RIBS 

0 OFF 
0 OFF 
0 OFF 

75 FLESH 
0 OFF 
0 OFF 
0 OFF 
0 

NONE 
NONE 
NONE 
NONE 

MAJOR 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
s m  
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
MINOR 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
TIP 

NONE 
NONE 
NONE 
NONE 
NONE 
MINOR 
NONE 
NONE 
NONE 
NONE 

NONE 

NONE 

4343.3 Obsidian 
0 Obsidian 
0 Obsidian 

1028 Obsidian 
1670.5 Obsidian 
2949.2 SLATE 

5656 SLATE 
6504.4 SLATE 
4484.4 SLATE 
6827.6 SLATE 
5373.2 SLATE 

8888 SLATE 
8524.4 SLATE 
1939.2 SLATE 
686.8 SLATE 

6302.4 SLATE 
10019.2 SLATE 

0 SLATE 
0 SLATE 
0 SLATE 
0 SLATE 
0 SLATE 
0 SLATE 
0 SLATE 

1313 BIRCH 
1131 BIRCH 
1859 BIRCH 
2015 BIRCH 
2834 BIRCH 
3237 BIRCH 
3120 BIRCH 
3874 BIRCH 

0 BIRCH 
936 BIRCH 

2080 BIRCH 
689 BIRCH 

1885 BIRCH 
0 BIRCH 
0 BIRCH 
0 BIRCH 

975 BIRCH 
0 BIRCH 
0 BIRCH 
0 BIRCH 
0 FIRE 

BIRCH 
767 FIRE 

BIRCH 
1560 FIRE 

BIRCH 



STRAW 

STRAW 

STRAW 

STRAW 

STRAW 

PIG RIBS 

PIG RIBS 

PIG RIBS 

PIG RIBS 

MOOSE 

MOOSE 

MOOSE 

MOOSE 

MOOSE HIDE 

MOOSE HIDE 

MOOSE HIDE 

STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

PIG RIBS 
PIG RIBS 
PIG RIBS 
PIG RIBS 

PIG HAUNCH 
PIG HAUNCH 
PIG HAUNCH 
PIG HAUNCH 

MOOSE 
MOOSE 
MOOSE 
MOOSE 

OFF 

CHEST 

RIBS 

CHEST 

OFF 

OFF 

OFF 

SKIN 

OFF 

OFF 

OFF 
SKIN 
RIBS 
THRU 
OFF 
OFF 

FLESH 
FLESH 

OFF 
OFF 
OFF 

CHEST 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

TIP 
NONE 
NONE 
NONE 
NONE 

TIP 

2600 FIRE 
BIRCH 

2379 FIRE 
BIRCH 

2002 FIRE 
BIRCH 

3926 FIRE 
BIRCH 

2886 FIRE 
BIRCH 

0 FIRE 
BIRCH 

1404 FIRE 
BIRCH 

650 FIRE 
BIRCH 

1105 FIRE 
BIRCH 

0 FIRE 
BIRCH 

0 FIRE 
BIRCH 

0 FIRE 
BIRCH 

884 FIRE 
BIRCH 

0 FIRE 
BIRCH 

2990 FIRE 
BIRCH 

0 FIRE 
BIRCH 

1755 MAPLE 
1378 MAPLE 
2327 MAPLE 
2327 MAPLE 
2990 MAPLE 
2912 MAPLE 
3614 MAPLE 
3562 MAPLE 

0 MAPLE 
221 MAPLE 

1365 MAPLE 
2665 MAPLE 

0 MAPLE 
0 MAPLE 

429 MAPLE 
1560 MAPLE 

0 MAPLE 
0 MAPLE 
0 MAPLE 

2834 MAPLE 



MOOSE HIDE 
MOOSE HIDE 
MOOSE HIDE 

STRAW 

STRAW 

STRAW 

STRAW 

STRAW 

STRAW 

STRAW 

STRAW 

PIG RIBS 

PIG RIBS 

PIG RIBS 

PIG RIBS 

MOOSE 

MOOSE 

MOOSE 

MOOSE 

MOOSE HIDE 

MOOSE HIDE 

MOOSE HIDE 

STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 
STRAW 

OFF 
OFF 
OFF 

OFF 

OTHER 

CHEST 

CHEST 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

NONE 
NONE 
NONE 
NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 
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