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PREFACE 

This dissertation has involved detailed analysis of a large 

number of artifacts, and I have relied heavily on both statistical and 

visual presentation. Lithic illustrations were ~rawn as accurately as 

possible by marking flake scars with soft removable pencil and Xeroxing 

the tool (Bradley 1974a). 

Most artifacts are identified by Arizona State Museum catalogue 

numbers. Several systems have been in use over the years. Older 

numbers are in the A-12000, A-28000, A-29000, A-34000, and A-43000 

series. More recent numbers have a prefix for the year such as 

74-13-0000 and 75-11-0000. Some of the specimens from Grasshopper do 

not have ASM catalogue numbers and are identified by original field 

numbers (e.g. FN501) within a given room or other unit. A few of the 

points from Room 28 had provenience information but no legible field 

number, so I numbered them sequentially starting witn noFN1. All site 

numbers follow the system used by the Arizona State Museum. 

Many people have contributed to the production of this 

dissertation. Special thanks are due to my committee'. Jeff Reid, who 

is presently in charge of the Field School, has encouraged my work with 

material from past years, kept me up to date on recent work, and guided 

my efforts to make sense of a large assemblage from a complex site. 

Bill Longacre directed the Field School during the summer of 1978 when I 

was a staff member, and has maintained a sympathetic interest in my 

iii 



iv 

work. Arthur Jelinek's expertise in lithic analysis has influenced my 

interest in stone tools. Alice Schlegel and Wes Jernigan, who served on, 

my preliminary examination committee, helped me develop the ethnographic 

perspective which is necessary for any archaeological interpretation. 

The patient hours of reading and the helpful comments of all these 

people are remembered with gratitude. 

Four knapper friends took time to make pOints for me to compare 

to the prehistoric assemblages: Harold Dibble, who has been a long-time 

knapping partner, Bruce Huckell, Peter McCartney» and Caroline 

Wickham-Jones. Michael Graves helped explore the chert sources of the 

Grasshopper area. Leah Bradley drew the illustration of knapping 

positions, and Kathryn Kamp drafted the maps. 

Grinnell College allowed me almost unlimited use of their 

computer resources, without which it would not have been possible to 

learn the statistics and perform the tests which I used, or type the 

text. Tom Moberg and Tom Moore advised me on computers and statistics. 

Many friends and colleagues have lent a sympathetiC ear to the 

sufferings of a dissertation writer and commented helpfully on the 

archaeological problems involved, including Rick Ahlstrom, Duane 

Anderson, Mark Baumler, Walt Birkby, Phil Chase, Harold Dibble, Emil 

Haury, Madeleine Hinkes, Bruce Huckell, Ralph Luebben, Becky McSwain, 

Mike Schiffer, Rick Sumner, Paul Whittaker, and Stephanie Whittlesey. 

My wife, Kathy Kamp, was a unique and essential source of 

archaeological insight, practical advice, and moral support. 
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ABSTRACT 

If the products of individual craftsmen can be identified, 

patterns of organization, specialization, and exchange may be traceable. 

Following a description of Grasshopper Pueblo's lithic technology, 

experimental and archaeological data on individual knappers are combined 

to examine projectile point manufacture. 

At Grasshopper, points in burials formed sets, consistent and 

distinctive in form and in flake scar patterning. Tne sets appeared to 

be the work of different knappers. Major distinguishing attributes of 

sets were identified using discriminant analysis. Both attributes of 

form, which are partly under conscious control, and unconsciously varied 

attributes of flake scar patterning distinguished sets. The 

individualistic nature of variation in these attributes was tested using 

sets of replicated pOints by five modern knappers. The similarity in 

the behavior of the attributes supported the hypothesis that the burial 

sets can be attributed to different knappers. 

In addition to the burial sets, another burial with 128 points, 

and two rooms with point manufacturing debris were examined. It 

appeared that more than ten knappers had contributed to the one burial, 

and the two rooms represented different workshop situations. In Room 28 

almost all the lithic material came from point manufacture, and the 

pOints were similar and probably made by one knapper. Room 246 had a 

variety of pOints, plus many other lithic items, and is best interpreted 

xiv 
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as a communal room where a number of men pursued craft activities. 

Point sets, workshops, and other information indicate that at 

Grasshopper many knappers were producing lithic tools at only a low 

level of specialization. Grasshopper's lithic crafts were probably 

similar in their organization to crafts in the historic Pueblos, with no 

centralization of production or distribution. Until we have more 

detailed information on other crafts, reconstructions of the prehistoric 

Pueblos as highly organized and specialized centers for production and 

distribution should be received with caution. 

Studies of individual variation are difficult and 

time-consuming, but even less sensitive artifacts such as stone tools 

show individual differences. If individual craftsmen can be traced, it 

is sometimes possible to see how they cooperated, specialized, and 

participated in the economic and social life of their communities. 



INTRODUCTION 

Let it be remembered that well-nigh all anthropology is 
personal history; that even the things of past man were 
personal, like as never they are to ourselves now (Cushing 
1895:309). 

To the archaeologist the individual members of a prehistoric 

society are usually less than faceless abstractions. Prehistorians, 

unable to observe living people, work with material remains to produce 

normative statements of behavior and generalized theories of culture and 

process. Nevertheless, all are aware that people were largely 

responsible for the archaeological record and its variations. 

Occasionally an archaeological find like the tomb of Tutankhamen 

illuminates not just a culture, but the life of one of its members. For 

the most part, however, individuals remain a hidden force behind the 

mass of facts. 

In recent years greater detail of analysis and sophistication of 

theory have made it possible to examine the organizational systems of 

past cultures that structured the material remains. Archaeological 

techniques have also become increasingly refined. Reconstructions of 

past social systems are more specific. From an interest in households 

and other small social groups, it is but a short step to the 

investigation of prehistoric individuals. After all, since it was the 

mass of individuals who formed a society, an understanding of how a few 

individuals lived and interacted should tell us much about a society and 

1 
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its culture. Only recently have archaeologists become interested in 

understanding a culture by tracing some of the activities of specific 

individuals within it, and begun developing techniques to do so (Hill 

1977; Hill and Gunn 1977; F. Plog 1977). 

The projectile point assemblage at Grasshopper, a fourteenth 

century Mogollon pueblo, provides an 

identify individual flint knappers. The 

unusually good opportunity to 

information obtained from a 

study of individual variation can be used to examine the structure of an 

important craft industry in a large pueblo, particularly the degree to 

which flint knappers were specialized craftsmen. The question of 

specialization is of interest in reconstructions of prehistoric 

Southwestern social and economic organization. 

In the following chapters I will begin with a discussion of some 

of the recent theoretical orientations and models in the study of 

Southwestern organizational systems. Increasingly popular models of 

prehistoric Pueblo organization suggest that the historic Pueblos are 

not good analogs because the prehistoric groups were more centrally 

organized with Bocial stratification and a managerial elite who 

controlled and benefited from large scale regional trade (e.g. Upham 

1982; Upham et ale 1981; Cordell and Plog 1979; Wilcox 1981). These 

models imply centralized control of production and exchange, and 

specialization in the manufacture of surplus subsistence goods, basic 

tools, and exotic or luxury items. I will present some arguments 

against these models on theoretical and ethnographic grounds. To test 

such new models of economic organization, it is necessary to examine 

more closely the many specific industries whose structures, control, 



social positions, and exchange patterns 

higher levels of social organization. 

analysis of stone tools from Grasshopper. 

3 

are used to illuminate the 

This is the purpose of my 

Chapter 3 discusses the community of Grasshopper Pueblo and 

previous attempts to reconstruct aspects of its social, political, and 

economic organizations. It will then be necessary to describe some of 

the archaeological contexts from which study material was recovered, as 

this is central to a reconstruction of the systemic contexts in which it 

was made and used and the nonmaterial meanings that may have been 

assigned to some lithic items (Chapter 4). 

Technology will be described in detail, beginning with the 

lithic assemblage as a whole (Chapter 5). This establishes the position 

of the projectile point industry which is of central interest here. 

The technology of the small triangular point complex will be 

examined in light of the evidence of manufacturing from two rooms 

(Chapter 6). This provides an unusually complete reconstruction of the 

manufacturing process and aids in assessing some of the attributes which 

are used in further analyses of the points. 

Projectile pOints are one of the more elaborate lithic forms and 

present variations in stylistiC detail that are interpretable in a 

number of ways. Some of the stylistiC variation must reflect the 

different individuals who made points. Recent studies of individual 

variation such as those edited by Hill and Gunn (1977) suggest that it 

may be possible to trace individual artisans through stylistic variation 

in their products. This presents the potential for using individuals to 

understand the organization of industries in which they participated, 



and exchanges between social 

analysing projectile points 
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groups to which they belonged. In 

at Grasshopper I have been fortunate in 

having not only workshop debris, but also sets of similar pOints which 

are temporally, spatially, and symbolically isolated in the burials of 

individual members of the Grasshopper community. Using these sets I 

examine some of the dimensions of variability in p~ints and compare them 

to sets of point replications to argue that some attributes can be used 

to distinguish individual craftsmen (Chapters 7, 8). Both attributes of 

form which are partly controlled by knappers, and attributes of 

execution such as flake scar angle patterns which result from motor 

capabilities and habits and are probably unconsciously varied serve to 

distinguish individuals. 

The ability to sort and trace the products of individual 

craftsmen opens the possibility of tracing some of the social groups to 

which they belong and exchanges in which they participated. It was not 

possible to adequately document exchange of points with my data, but 

some aspects of the organization of lithic production were illuminated 

(Chapter 9). In particular, the two rooms with abundant evidence of 

lithic manufacture appear to be quite different. In one case a single 

specialized knapper is in evidence, in the other a group was involved in 

more diverse craft production. The identification of individual 

knappers also makes it possible to conclude that many individuals at 

different levels of skill and productivity were making points, rather 

than a few skilled craftsmen. Lithic industries at Grasshopper appear 

to have been only slightly specialized and non-centralized, and fit the 

model presented by the ethnographic Pueblos quite well. 
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Lithic industries at Grasshopper do not meet any of the 

expectations of highly specialized or centrally controlled production. 

Although other aspects of'Grasshopper archaeology may eventually provide 

contrary evidence, at present there is no good information to contradict 

the hypothesis that Grasshopper resembled the historic Pueblos in many 

respects. 

Analyses of technology and individual variation allow detailed 

studies of the production and distribution of specific items within a 

pueblo. They require extensive excavation and intensive analysis, but 

knowledge of the internal economic workings of pueblos is a necessary 

counterpoint to distributional studies that attempt to examine regional 

systems. 



CHAPTER 2 

PUEBLO ECONOMIC ORGANIZATION: 
TRADE, LEADERSHIP, AND SPECIALIZED PRODUCTION 

A number of recent models of Southwestern prehistory suggest 

that the historic Pueblo cultures are not analogous to those of the past 

(e.g. Upham 1982; Upham et al. 1981; Cordell and Plog 1979; Wilcox 

1961). They argue that the past Pueblo societies were more complex, and 

usually suggest that large scale trade was responsible for higher levels 

of organization than existed in ethnographic times. The supposition of 

centralized production and distribution systems implies specialized 

social and economic roles, including the development of craft 

specialists. This aspect of the models can be tested by examining 

specific industries and individual craftsmen for evidence of 

specialization. 

Pueblos Past and Present 

Southwestern archaeology has been greatly enhanced by the 

presence of descendants of the prehistoric inhabitants of the region who 

exhibit marked continuity in material culture and presumably in major 

aspects of their social and cultural adaptations. The availability of 

such obvious ethnographic analogs has been one reason for the interest 

Southwestern archaeologists have shown in the reconstruction of 

prehistoric social organization. 

The ethnographic Pueblos, especially the intensively studied 

6 
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Hopi, have been used both as direct analogs in interpreting prehistoric 

artifacts and features (Dozier 1965; Adams 1983), and as more general 

models for prehistoric Pueblo cultural systems (Hill 1970a, 1970b). As 

general models, the ethnographic Pueblos have strongly influenced 

archaeological expectations and interpretations of the cultural milieu 

and economic and social organization of their prehistoric ancestors. 

This is partly justified. Dozier (1970a), for instance, has ar-gued that 

the documentary evidence from the 16th to the 19th centuries shows such 

conservatism that considerable continuity between prehistoric and recent 

Pueblo culture can be expected. 

Ethnographers and archaeologists have always recognized that a 

certain amount of caution is necessary in comparing prehistoric and 

recent Pueblo societies. In the first place, there was ccnsiderable 

indigenous change in the past, even in relatively short periods, and 

much variation among different groups at any single time. Secondly, all 

the existing Pueblo groups have been subjected to four hundred years of 

influence from European culture. This had accelerated in the last 

century and produced significant changes by the time detailed 

ethnographic information was collected. In spite of an awareness of 

such problems, archaeologists have often been incautious in using recent 

Pueblos as interpretive analogs, and have lailed to consider 

alternatives. However, 

emphaSize the probable 

discontinuities between 

Pueblos. 

a number of recent studies have chosen to 

effects of historic changes and resulting 

past and present organizational modes in the 

The ethnographic Pueblos are relatively egalitarian systems, 
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with only limited differentiation in wealth and prestige. Leadership is 

essentially noncoercive, weakly formalized, and based in religion 

(Dozier 1970b). Leaders have little power to enforce their decisions, 

receive few economic benefits, a~d exercise little control over 

resources (Titiev 1944; Ford 1972b; Eggan 1950). Villages are 

autonomous communities, although they frequently cooperate and are by no 

means isolated. 

A number of recent studies have argued that many of the 

prehistoric Pueblo groups differed from recent Pueblos in having greater 

social and economic differentiation with elite social groups and more 

centralized leadership. Leaders controlled both subsistence goods and 

exotic items and maintained stronger ties between villages in their own 

region and with more distant groups (e.g. Upham 1982; Upham et 

ale 1981; Cordell and Plog 1979; Wilcox 1981). 

Most of the arguments for more complex organization in the 

prehistoric Southwest point to trade and control of economic resources 

as causal factors in the development of social differentiation and 

centralized leadership. Some of the more extreme suggest that 

developments in the Southwest resulted from the establishment of 

colonies by Mesoamerican immigrants or the encouragement of frontier 

growth b,y Mesoamerican trading interests (DiPeso 1974; Ferdon 1955; 

Frisbie 1978; Kelley 1966; Kelley and Kelley 1974; Reyman 1978). 

Pochteca-like trade organizations, immigrant leadersnip or colOnies, and 

the encouragement of trade and manufacturing centers are suggested as 

mechanisms by which turquoise and other goods were exploited in the 

Southwest by the more organized cultures to the south. In the process 



the indigenous Southwesterners were influenced, 

encouraged to organize and develop. 

stimulated, 
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and 

Less elaborate and more lOCalized models are even more common 

than those suggesting Mesoamerican influences. The Southwestern groups 

are seen as engaged in extensive exchange networks. These networks were 

frequently necessary for subsistence or at least as insurance against 

environmental fluctuation. Both subsistence goods and luxury or 

prestige items were exchanged. Some argue that the extensive trade 

between groups and logistics of production and distribution within 

communities required centralized management and encouraged differential 

access to goods and the development of elite social groups and 

formalized authorities (Upham 1982; Upham et ale 1981; Lightfoot and 

Feinman 1982; Cordell and Plog 1979). 

In order to support these models, it is necessary to show both 

the existence of the kind of social organizations proposed, and the kind 

of economic system that brought them into existence. Frequently the 

same evidence is applied to both. Differential distributions of goods 

in burials (Hohman 1983; Clark 1967, 1969), in residences (Upham et 

ale 1981; Lightfoot and Feinman 1982), and in association with 

structures which are interpreted 

elite-controlled (Plog 1974; Upham 

simultaneously as identifying elite 

as public, ceremonial, or 

et ale 1981) are interpreted 

groups or individuals and as 

evidence for the control of economic goods and functions by elite 

groups. Others interpret the same data differently. Rich burials need 

not indicate formalized authority or long term control of wealth by 

social groups (Whittlesey 1978, 1982). The association of small numbers 
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of unusual items with partioular arohiteotural units must be worked out 

with regard for the natural and human foroes aoting on the 

arohaeologioal contexts (Graves and Reid 1982; Sohiffer 1983). Sooial 

groups in large prehistorio sites oan rarely be separated aoourately for 

analysis and oomparison. The applioations of some of these oonoerns to 

Grasshopper will be oonsidered later. 

Some aspeots of eoonomio organization can be approaohed more 

direotly by studying the produotion and distribution of goods within and 

between sites. The most extensive model of regional trade and the 

development of oomplex organization in the Southwest is the work of 

Upham (1982). He defined nine settlement systems with olusters of large 

Sites, mostly on major drainages, in the Western Pueblo region north of 

the Mogollon Rim. In the fourteenth oentury four important oeramio 

trade wares, (Jeddito Yellow Ware, Zuni Glaze Ware, Winslow Orange Ware, 

White Mountain Red Ware) were oiroulating among these settlement 

clusters. The distribution of these wares among clusters was not 

strictly proportional to distance from the cluster of origin, and 

suggested patterns of preferential trade between some clusters. Within 

clusters, trade wares, especially the Jeddito Yellow Ware, occur 

disproportionately in large Sites, and they appear to be elite goods 

associated with economioally and socially central sites and with other 

phenomena such as richly endowed burials. 

Upham suggests a regional model in whioh the aggregation of 

population and intensification of agriculture which took place at the 

beginning of the fourteenth century began to produoe a managerial elite 

whose power was based on command of the ritual knowledge necessary for 
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agriculture. Exotic trade goods can be seen as a way of converting 

subsistence surplus into storable hard goods which can be exchanged 

within the settlement system or between systems and thus reconverted 

into subsistence goods in time of stress. The decision-making elite 

oontrol the system through their ritual knowledge whioh oonfers status 

and oan be used to manipulate subsistence produotion, and by their 

ability to exchange subsistence goods for exotic items. Conneotions 

between different settlement olusters would be advantageous in more ways 

than just buffering subsistence stress, and would increase the power of 

the elite. They 'could use thiS, with their access to trade goods and 

control of subSistence, to become a self-serving subsystem in whioh 

exotio goods symbolize the power and wealth of the community and its 

elite, but subsistenoe exohange which serves the community becomes 

seoondary to elite exchange whioh maintains the decision-making class. 

Evidenoe for the elite managers themselves can be seen in individual 

settlement systems and sites as differential distributions of exotic 

goods and the organization of large oommunity work projects. 

TWo kinds of exohange are suggested by this and other models. 

There is an exohange of utilitarian material and food which may be an 

important part of the subsistence, and an exchange of exotio goods. 

These last oan be seen as "bankingn subsistenoe surplus in oomplex 

systems, or may serve as gifts between trading partners (Spielmann 1983) 

or other symbolio means of cementing relationships in systems at many 

levels. 
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Recent Puebloan Trade 

Many of those who see trade as a faotor in the development of 

oomplex organizations in the prehistorio Southwest minimize its presenoe 

or importanoe among the historio'Pueblos and see this as one reason why 

the ethnographio Pueblos are not a good model for past systems. Upham 

(1982:120) goes so far as to say " ••• widespread regional exohange among 

the Western Pueblo did not exist when the basio ethnographies were 

written." Modern Pueblo trade has reoeived little attention, but a brief 

look at a few published acoounts shows that it oannot be dismissed so 

easily. 

In post oontaot times, the Pueblos obtained items from allover 

the Southwest, California and the Pacifio ooast, Mexioo, and the Plains. 

Many of the same goods are documented archaeologioally, implying some 

long-term continuity of trading networks. Pueblo goods reached ooastal 

Yumans in California, while shell oame to the Pueblos by way of the 

Walapai and Havasupai (Forbes 1961, 1965). The historic Hopi used 

baskets from the Pimas, Utes, Havasupai, Apache, NavajO, and Moh,:I.ve, and 

exchanged oloth for beads from the Zuni and Rio Grande Pueblos (Hough 

1915). The Tewa received Hopi kilts, shell, and Mexican feathers, 

mostly through Zuni (Ford 1972a). 

Beaglehole (1937) gives a brief account of Hopi trade relations. 

The three Hopi mesas speoialized in making coiled baskets, wioker 

baskets, and pottery respeotively, whioh encouraged exchang~B among 

villages on the different mesas. Hopi external trade was mostly with 

nearby tribes, especially the Paiute, Havasupai, and Zuni, and later the 

Navajos, White Mountain Apache, and Mormon and Mexioan settlers. Cloth, 
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corn, and pottery were the most important Hopi exports, although they 

also passed on goods obtained elsewhere. From their neighbors they 

obtained such goods as deer meat and hides, wood for fuel and 

construction, bows and arrows, silver 

moccasins and leather, mescal and baskets. 

link to the coast whence came shell. 

jewelry, pinyon gum and nuts, 

The Havasupai served as the 

The Hopi also traded with the 

Pueblos to the east, especially ZUni, Acoma, Santo Domingo, Jemez and 

Cochiti. Woven goods and food were exchanged for similar eastern 

products as well as indigo, turquoise, and hides and meat which 

originated in the plains. The situation among the Eastern Pueblos was 

Similar (Ford 1972a, 1972b). 

Although there has been little systematic research on historic 

Pueblo trade, a number of patterns can be seen. Trade with non-Pueblo 

neighbors was mostly for the products of different ecological zones and 

different lifeways, typically exchanging agricultural produce for meat 

and nuts, and woven goods for hides and leather (Ford 1972a, Spielmann 

1983). Trade with other Pueblos included this pattern but was also 

centered around artifacts, both utilitarian tools and ceremonial or 

luxury items. Many of these were produced by the Pueblos trading them 

and some Pueblos were known for particular products. The Pueblos also 

passed on 6xotic goods, for instance turquoise and buffalo skins which 

moved west while shell and feathers came east. 

I have briefly shown the extent of Pueblo trade connections. 

This wide spread trade which moved basic subsistence goods as well as 

luxuries was of great importance to the Pueblos, as can be seen in the 

fact that, with some changes and disturbances, major patterns survived 
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through 400 known years of invasion, social and political upheaval, and 

dramatic population declines. Nevertheless, this trade was in the hands 

of individuals and small ~~ groups. Commonly a man or group who 

wanted to trade in other pueblos collected goods from within his village 

and from neighboring villages, and travelled to another pueblo where 

there were established trading partners or friends who served as hosts 

and liaisons (Beaglehole 1937, Ford 1972a, Ellis 1981). Ceremonies were 

an occasion for trade within the village and also drew members of other 

villages and even of other tribes. Most Pueblo trade involved only 

short expeditions, and goods that came from great distances commonly 

passed through several hands. 

From the above discussion the historic trade does not seem to be 

so different in form from the prehistoric networks. Many of the same 

goods move in Similar ways. Food probably was traded over short 

distances. Exotic goods often seem to move in down-the-line fashion 

from owner to owner as outright trade or as gifts cementing trading 

relationships. There is some indication of preferential trade with 

different groups overlying the down-the-line patterns. Some villages 

specialized in particular products. The magnitude and importance of 

trade, both past and present, can be argued, but cannot be adequately 

quantified for either time span to allow confident comparisons. The 

other major concern is the possibility that past and present systems 

moved similar goods but were organized differently. 

Leadership 

It is most important to note that in none of the historic Pueblo 

groups was this widespread and important trade associated with any 
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centralized control, managerial class, rich entrepreneurs, or even 

full-time craft specialists before the tourist era (Beaglehole 1937; 

Hough 1915). It is possible to see the modern Western Pueblos as 

organized under an oligarchy of semi-hereditary leaders who derive their 

power from their ritual knowledge (Upham 1982). It is true teat certain 

clans control the ritual and hence political leadership positions. At 

Oraibi the village chief is the leading member of the Soyal ceremony. 

He is always from the Bear Clan, which is seen as the senior clan and 

has theoretical control of all land, having in mythical history allotted 

land to other clans in return for their ritual services (Titiev 1944). 

Ritual knowledge is considered necessary for the agricultural cycle and 

the general well-being of the community, and clans controlling the 

esoteric knowledge of major ceremonies have higher status in the 

villages. Although membership in the ritual societies which perform 

ceremonies is open to members of all clans, particular clans control the 

ceremonial knowledge and provide the leaders. Upham argues that ritual 

knowledge is thus linked to status and kinship, and to potential control 

of land and agriculture. It could be manipulated for the benefit of 

religious leaders and their kin groups to develop an economic elite. 

This does not seem to have happened in the historic Pueblos. 

Some leaders, such as the village chief, received community support in 

agriculture, hunting, and house maintenance, but they did not collect 

and redistribute large amounts of food, and generally did not control 

more resources than other people. In fact, if their duties were 

sufficiently time-consuming or restricted them from other activities, 

they could be among the poorest in the village (Ellis 1981). Leadership 
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and status are thus not necessarily linked to wealth. 

The ability to control community resources is also disputable. 

Pueblo leaders can organize occasional communal labor on springs and 

trails, but these are rarely large projects. Leaders are largely 

non-coercive, leading by example and reinforced by public opinion. In 

cases of extreme misbehavior the war chief or other leaders have the 

authority to physically punish transgressors, or this may be done by 

clowns or katchinas in their ceremonial roles (Titiev 1944). Such cases 

appear to be rare. The theoretical control of all land by one clan 

extends to the village chief as the authority to settle some boundary 

disputes; his ability to arbitrarily reassign major tracts or otherwise 

directly control the agricultural base is doubtful. 

Some food is collected and redistributed by participants in 

ceremonies (Titiev 1944), and Ford (1972b) suggests that among the 

Eastern Pueblos this redistribution serves some equalizing and buffering 

functions in the economiC system. However, Alice Schlegel, who has 

worked with the Hopi, informs me that the amounts of goods involved are 

small, and they are not evenly redistributed but are passed between 

related kin groups and do not serve to equalize wealth. In any case, 

ceremonial redistribution does not require long-term storage and is 

operated by the clans or sodalities involved in a ceremony rather than 

the leaders of the pueblo. 

Upham (1982), Wilcox (1981), and others argue that the modern 

Pueblos are more centralized than they seem but have little trade, while 

the prehistoric Pueblos were even more centralized with elite leadership 

controlling important exchange networks. I would argue on the contrary 
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that trade continued to be of great importance in the ethnographic 

period, without having produced a strong managerial elite or great 

wealth differentials. If so, why should these be expected in the past? 

I am reminded of Wittfogel's (1957) hypothesis of irrigation agriculture 

leading to centralized despotic government. This enjoyed a vogue until 

other work made j,t apparent that large and successful irrigation systems 

need not be connected to centralized management (e.g. Fernea 1970). 

Many cultures have maintained complex trade networks on an 

individualistic, uncentralized basis. 

At present many conflicting interpretations of past and present 

Pueblo systems are possible. Our views of recent Pueblo organization 

may be subject to reinterpretation, and information on Pueblo trade and 

economy is by no means complete or quantified. While we rely heavily on 

the present for models, we need not expect the past to be completely 

analogous, and the detailed reconstruction of social and economic 

systems is relatively new in archaeology. If we aocept for the moment 

the possibility of centralized political and economic organization in 

prehistoric pueblos, there are many places to look for evidence. Upham 

and others have relied heavily on the spatial distribution of a few 

exotic goods within, and especially between, sites. I would argue that 

a detailed knowledge of the organization of production and distribution 

of goods at individual sites is also needed. 

Qrganization of Production 

One aspect of centralized elite decision making is control of 

subsistence surpluses which can be converted into elite goods, or 

control of the production of items for elite exchange. Production of 
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both basic subsistenoe and utilitarian goods and elite trade goods may 

become the province of specialized subsets of the population. This is 

both efficient and lends itself to centralized control. In the most 

complexly organized situations it is common to find centralized 

workshops eaoh producing a limited range of specialized items and 

involving groups of workers rather than individuals or families (Evans 

1978, Clark 1982). There is a full range of decreasing specialization 

and less centralized control from the organized occupational 

professionals of state-level systems down to Simple societies with age 

and sex roles as the major dimension of specialization. 

The historic Pueblos had little occupational specialization. 

The ritual leaders were probably the most specialized members of the 

community in the sense of being a small group engaged in activities 

which are their province alone and which occupy much of their time. 

Most of the population engaged in much the same activities depending on 

sex and age, although there were some individuals with unusual skills 

who could act as part-time experts on occasion (Beaglehole 1937). 

An important step toward understanding the organization of 

ancient pueblos is knowledge of the production and distribution systems 

of some of the goods within individual communities. Exotic imports 

imply that something was exported; it is not enough to vaguely suggest 

agricultural products or pottery. Exchange within communities implies 

differential production of some goods; these must be pinpointed and 

examined in detail. Discussions of activity organization and exchange 

systems logically begin with the products themselves, and the more that 

is known of their technology, the location of manufacture and the kind 
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of social group involved, the degree of specialization of the artisans, 

and the eventual distribution of products, th~ more likely we are to 

make reasonable interpretations of the mechanisms of trade, the 

organization of production and exchange, and the complexity of the 

underlying system. In this study I have focused on the production of 

lithic artifacts as a means of reconstructing one section of the 

economic system of Grasshopper Pueblo. 



CHAPTER 3 

GRASSHOPPER: RUIN AND PUEBLO 

Grasshopper Pueblo (AZ P:14:1), is located in east-central 

Arizona on the Fort Apache Indian Reservation, about ten m1les northwest 

of Cibecue (Figures 3.1, 3.2). The site is in a meadow, surrounded by 

open Ponderosa pine forest and denser pinyon, juniper, and Ponderosa 

woodland communities at an elevation of about 6000 feet (Holbrook and 

Graves 1982). 

The Site 

The Grasshopper Ruin is a large masonry complex of approximately 

500 rooms. These are distributed among three large room blocks plus a 

number of isolated structures and ten small room blocks scattered in the 

surrounding meadow and on low limestone and sandstone ridges at the 

meadow's edge (Longacre and Reid 1974). Originally the Salt River Draw 

ran between two of the major room blocks. At present it uses a new 

channel just east of the main room blocks. The main ruin includes Room 

Block 1 on the east side of the old Salt River Draw channel with about 

94 rooms, and Room Block 2 and Room Block 3 on the west side of the 

channel with about 92 rooms and 101 rooms respectively (Figure 3.3). 

Room Block 2 contains a plaza area (Plaza III) which was eventually 

roofed to form the Great Kiva, and Room Blocks 2 and 3 surround Plaza I 

and Plaza II. All three main room blocks had some rooms with two 
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stories. No three-story structures have been identified. 

The University of Arizona has conducted a field school at the 

site since 1963 (Thompson and Longacre 1966; Longacre and Reid 1974). 

Ninety-six roams have been excavated, plus numerous trenches and test 

pits in plazas, meadow, and trash areas. The Great Kiva in Room Block 

2, and a roofed corridor from Plaza I to the outside have been 

excavated. Most of the surrounding area has been surveyed (Tuggle 1970; 

Sullivan 1980; Tuggle, Reid, and Cole 1981) and excavations have been 

conducted at several smaller sites nearby (Crown 19~1). 

Poor preservation and the frequent use in construction of 

undatable wood have handicapped dendrochronological studies (Dean and 

Robinson 1982). However, the available dates provide an absolute 

chronological framework for dating the site. 

construction and pueblo growth has 

The basic sequence of room 

been worked out using 

bonding-abutting relationships between walls and the difference between 

exterior and interior masonry finishes in conjunction with the 

dendrochronological dates (Wilcox 1982; Reid 1971, 1973; Reid and 

Shimada 1982). Reid (1973) and Ciolek-Torrello (1978) have also 

proposed relative abandonment classes based on the principle that early 

abandoned rooms would be filled with trash, while those abandoned late 

would have little or no trash and more useable artifacts. 

From the dendrochronological and construction evidence, a fairly 

·good picture of the founding, growth and decline of the pueblo can be 

presented (Graves, Longacre and Holbrook 1982; Graves, Holbrook and 

Longacre 1982; Reid and Shimada 19B2; Reid 1973; Wilcox 19B2; 

Ciolek-Torrello 1978; Dean and Robinson 1982). The pueblo was probably 
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established shortly before AD 1300. Dendroclimatological work by Dean 

and Robinson (1982) indicates that Grasshopper experienced a period of 

subnormal rainfall and above average temperature from A.D. 1275 to 1295. 

There is some sedimentological evidence (Agenbroad 1982) that prior to 

this period the meadow around Grasshopper was wet and possibly marshy. 

It has been suggested that the drought of A.D. 1275 to 1295 which is 

implicated in the abandonment of some other areas of the Southwest was a 

force for aggregation and growth at Grasshopper (Dean and Robinson 1982; 

Reid and Shimada 1982; Kelso 1982; Graves, Longacre and Holbrook 

1982). By lowering the water table, drying the meadow, and opening up 

some forested areas, the drought may have increased the availability of 

land for habitation and agriculture. Some local water sources may have 

failed, pushing small communities to aggregate in more favorable 

locations. The cooperative potential of large communities in 

agriculture and other enterprises may also have been attractive. 

Grasshopper apparently began as at least three separate clusters 

of rooms, or core construction units. Room Block 1 was a strip of 10 

rooms on the extreme eastern edge of the site. Room Block 2 was a 

rectangular block of 21 rooms in the center, and the core of Room Block 

3 was a small unit of 5 rooms in the northern part of the existing 

structure (Longacre 1976). It has been suggested (Graves, Holbrook, and 

Longacre 1982) that the core unit of Room Block 2 could represent the 

former residents of the Chodistaas site (AZ P:14:24), an 18 room pueblo 

only a mile from Grasshopper which burned after the late 1280s (Crown 

1981), but the data to test this proposition are not available. 

Dean and Robinson (1982) suggest from tree-ring dates that the 
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There are enough earlier 

to suggest some earlier 

construction, as well as a few structural remains under early rooms. 

Some of the excavated core rooms proved to have been built on sterile 

soil, but some have subfloor features which may indicate a pre-room 

occupation. The likeliest conclusion is that occupation of the locality 

began in the last quarter of the 13th century, with most evidence of 

this occupation now obscured. 

Following the establishment of the three core units around 

A.D. 1300, the community' experienced a period of rapid growth lasting 

about 30 years. Most of the rooms now visible were built during this 

period, and the pueblo took on its basiC shape. The early additions to 

the core units were multiple room groups, with later expansion by adding 

one or two rooms at a time (Reid and Shimada 1982). Natural features 

probably affected the patterns of growth. The pueblo did not grow far 

into the farmable meadow to the south, and was restricted elsewhere by 

wet depressions and rocky ridges. A few outliers were built on these 

ridges, probably late in the occupation. 

The main room blocks grew north and south, and Room Blocks 2 and 

3 surrounded and formed three plazas which were further constricted as 

room blocks grew inward. The southernmost plaza (Plaza III) was roofed 

and converted into the Great Kiva. The tree-ring dates (Dean and 

Robinson 1982) suggest that this happened between A.D. 1340 and 1350, 

that is, just after the period of rapid growth. 

The rapid growth of the site from about 40 rooms to more than 

400 seems to have occurred in the brief span of about 30 years from 
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A.D. 1300 to 1330. Longacre (1975, 1976) has modeled population growth 

and concluded that the rate of expansion at Grasshopper is more 

reasonably explained by immigration than by reproduction of the fou~ding 

groups alone. This fits well with the architectural evidence that early 

additions were groups of rooms; the later additions of one or two rooms 

presumably represent later reproductive growth of these incoming groups 

(Reid and Shimada 1982; Graves, Longacre and Holbrook 1982). 

After about A.D. 1340, the pueblo had reached its maximum size 

with an estimated population of about 1050 people (Longacre 1975, 1976). 

Around this time, the nearby Canyon Creek Ruin (Haury 1934; Graves 

1982, 1983) also reached a maximum, and other canyon sites were built. 

This may represent the beginnings of dispersal from Grasshopper (Reid 

1973; Reid and Shimada 1982) or continued expansion of the population 

into satellite communities. 

There are only two tree-ring dates from Grasshopper Pueblo after 

A.D. 1350 (Dean and Robinson 1982); this suggests very limited 

construction after that date. The Site, and indeed the region, seems to 

have been abandoned by A.D. 1400, judging by the scarcity of late 

ceramic types. At the moment there is no more precise information on 

the end of the Grasshopper occupation. 

The reasons for abandonment are also unclear. Subsistence 

stress is one possibility. The subsistence base at Grasshopper was 

partly agricultural. There are field houses and small agricultural 

features such as check dams (Tuggle, Reid and Cole 1961; Spain 1976), 

which are similar to those from other Late Mogollon regions such as 

Point of Pines (Woodbury 1961), but much less extensive. They probably 
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indicate an agricultural system not unlike the recent Hopi (Hack 19ij2) , 

although Sullivan (1980, 1982) has suggested that a form of burn-only 

swidden in the pine forests was more important. 

There is faunal (J. Olsen 1932, 1980; S.J. Olsen 1982; 

S.J. Olsen and J. Olsen 1970; Holbrook 19H2) and vegetational (Kelso 

1982) evidence that the Salt River Draw at the site carried more water 

than at present and supported a riparian plant community. The depressed 

area just north of the main room blocks impounded water from the Salt 

River Draw and a spring, and was probably a pond with permanent water 

and associated vegetation (Reid 1973; Reid and Shimada 1982; Kelso 

1982; S.J. Olsen 1982). According to W. A. Longacre, trenching 

revealed a masonry wall which was probably a dam augmenting the pond to 

form a reservoir (Graves, Longacre and Holbrook 1982). J. J. Reid 

suggests a walk-in well. The possibility exists that water from the 

draw below the pueblo was diverted into the meadow for irrigation, but 

trenches south of the ruin failed to provide conclusive evidence, and 

there is no evidence of canal systems elsewhere in the Grasshopper area 

(Tuggle, Reid and Cole 1981). 

Beside agriculture, the Grasshopper community relied on a 

variety of wild plant resources (Bohrer 1982; Reid 1973). Wild game 

was important, as evidenced by the numerous projectile points, and large 

quantities of faunal remains (J. Olsen 1980; Matthews and Greene n.d.; 

McKusick 1982). Mule deer, rabbit, and turkey are particularly 

prominent, and the latter may have been raised as well as hunted 

(J. Olsen 1980). 

At present there is no unambiguous evidence to indicate that a 
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climatic change reduced the agricultural potential of the Grasshopper 

region. The archaeological tree-ring record at Grasshopper ends after 

A.D. 1350 (Dean and Robinson 19~2) and a more general model for the 

Southwest does not indicate any pattern of reduced tree growth in the 

period from 1350 to 1400 which could be interpreted as a major drought 

period (Dean and Robinson 1977). 

There is some evidence in late contexts for intensification in 

the use of carcasses of captured deer, and an increased use of immature 

deer and small animals such as rabbits and dogs, which may indicate some 

difficulties in maintaining the supply of protein (J. Olsen 1980). 

Forest clearance as well as hunting may have helped to deplete 

the game populations. Environmental studies indicate a decrease in 

forest density prior to and during the occupation of Grasshopper (Dean 

and Robinson 1982; Kelso 1982; Holbrook 1982). The drought of 

A.D. 1275 to 1295 and the estimated 10,000 to 12,000 trees needed for 

construction (Dean and Robinson 1982), plus wood-cutting for fuel and 

field clearance may have reduced the forest enough to make wood supplies 

a real problem (Reid 1973). 

Hinkes (1983) has found skeletal evidence of high levels of 

recurrent acute stress in the subadult members of the population living 

in the outliers. The rest of the population shows no striking 

differences between early and late burials, but if the outliers were 

built late in the occupation, there is some evidence for a late increase 

in physiological stress. This could result from nutritional 

deficiencies or the sanitation problems of large communities. 

Other discussions of the abandonment of the Grasshopper region 
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rocus on the possible importance or relationships between regions and 

the rormation or multi-village communities within regions (Tuggle 1970; 

Graves, Longacre and Holbrook 19H2; Graves, Holbrook and Longacre 

1982). They suggest that large-scale trade was an important ractor in 

sustaining communities throughout this part of the Southwest, and 

suggest that a breakdown in the trade and communication network was at 

least partly responsible ror the abandonment or the the region. While 

this is becoming a popular model in many parts of the Southwest (Chapter 

2), hard evidence is scarce. 

Social Organization 

A number of studies have considered some aspects of the social 

organization or Grasshopper. These are all based ultimately on the 

expectation that prehistoric pueblos bear recognizable resemblances to 

modern ones. In spite of some continuities with prehistoric groups 

(e.g •• Dozier 1970a; Reed 1950; Ellis 1951; Hawley 1950), and some 

general similarity between modern pueblo communities (Dozier 1970b; 

Jorgensen 1980), there is a great deal of diversity both prehistorically 

and in recent times (Cordell and Plog 1979). Ethnographic analogy is 

the best starting point for archaeological interpretations, however new 

patterns do occur and old patterns may no longer exist. Given the 

diversity or the past and present situations, and their only partial 

continUity, each prehistoric situation should be interpreted from its 

own evidence. 

On the lowest level or organization is the ramily and the 

household, and groups of these which occupy contiguous rooms. As in 

recent pueblos, these groups of rooms would probably have been inhabited 
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by extended families, or lineage segments composed of several related 

. families. These construction units are ordinarily several contiguous 

rooms with some interconnecting doorways, and some functj.onal 

differentiation between rooms. 

The best known of these room groups is the CUL (Construction 

Unit L) located on the southern end of Room Block 3. Seven of its nine 

rooms have been excavated, and Rock (1974) argues from bonding-abutting 

patterns that an original set probably consisting of two habitation 

rooms and two storage rooms was expanded by building four single rooms 

and reopening an abandoned older room. The seven excavated rooms, when 

abandoned, were four habitation rooms, two probable storage rooms, and 

another which apparently served ceremonial functions. The CUL seems to 

fit the pattern of early construction in groups of rooms followed by 

single-room additions as the founding group reproduced. This pattern is 

seen throughout the site and elsewhere in the Southwest, both 

prehistorically (Rohn 1965; Morris 1975) and ethnographically (Titiev 

1944) • 

Ciolek-Torrello (1978) used a statistical analysis of features 

and artifact distributions to distinguish six functional room types: 1) 

limited activity rooms (manufacturing and ceremonial activities), 2) 

habitation rooms with food processing, 3) storage rooms, 4) habitation 

rooms with some other functions, 5) manufacturing rooms, 6) special 

function rooms (storage and manufacturing). Ciolek-Torrello attempted 

to examine household organization and change through 

room types. He expected that households should 

time using these 

occupy 

functionally complementary rooms or floors with complementary 

suites of 

sets of 
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features. Each household has similar requirements, especially in the 

form of features related to food preparation. Where two or more 

households are present, some activity sets or features should be 

repeated in each household. 

Ciolek-Torrello examined tha CUL and the core unit of Room Block 

3, of which four rooms out of five, plus an adjacent room, have been 

excavated. He felt that the housebolds in tbe COL were vertically 

organized, with the floor and roof of a single room including facilities 

for all the necessary activities of a household. However, it seems 

unlikely that roofs are fully equivalent to enclose~ room floors, and it 

is equally possible to discern complementary sets between pairs of 

adjacent ground floors, leaving the roofs as supplementary activity 

areas. Furthermore, Longacre (1970) has pointed out that hearths do not 

necessarily indicate household kitchens. They would have been important 

for heating as well, and most of the excavated rooms at the Carter Ranch 

site have hearths. 

Of the five core rooms of Room Block 3 (246, 270, 269, 278, 279) 

four have been excavated (246, 269, 270, 279), plus an adjacent room 

(280). The two rooms on the edge of Plaza II were a single story high, 

but the others seem to have been two-story rooms. Ciolek-Torrello 

(1978) treats all six rooms as a single unit, although the precise 

relationships between them at abandonment are not as clear as in the 

CUL. Ground floor activities in them ~eem to be similar; there is 

evidence of manufacturing, no evidence of food preparation, and one room 

(270) which was abandoned early and used as a trash dump. Second story 

floors and roofs are in poor condition but seem to be similar to each 
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other and complementary to ground floors, with hearths and mealing bins. 

Ciolek-Torrello felt that only Room 246 had a complete set of vertically 

complementary floors. 

floors were the 

He suggests that large suites of several rooms or 

rule, with the possibility that some of the 

manufacturing space should be attached to unexcavated adjacent rooms. 

Given the interpretive problems presented by unexcavated 

neighboring rooms, the non-equivalency of roofs and floors, and the lack 

of detailed artifact analysis in most rooms, I remain cautious about 

Ciolek-Torrello's interpretations. In the ethnographic Western Pueblos, 

rooms are usually multi-functional, and there is considerable variation 

in the number and arrangement of the rooms occupied by a family (Roberts 

1956; Adams 1983). I will argue later (Chapter 9) that Room 246 was 

analogous to a modern clan house, an interpretation partly suggested by 

Ciolek-Torrello. 

Unfortunately, there are not enough excavated clusters of 

related rooms at Grasshopper to allow more thorough analyses of small 

social units. Presumably the households recognized from architecture 

and features were occupied b.Y nuclear or extended families, clustered in 

multi-household architectural units. Most likely these clusters 

indicate kin groups such as lineages or clan segments. The association 

of a ceremonial room with the CUL suggests the presence of religious 

functions, possibly analogous with the maintenance of ceremonial rooms 

and clan-owned kivas among the Hopi. The analysis of patterns in the 

distribution of ceramic design elements as a means of tracing 

organizational prinCiples (Longacre 1970; Hill 1970a) has met with some 

criticism (Stanislawski 1973b; Schiffer 1975; DeGarmo 1975; S. Plog 
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1977, 1980) and has not yet been attempted at Grasshopper. 

Larger scale divisions of Grasshopper society are hard to 

discern. MOieties, or non-exogamous dual divisions similar to those in 

some Rio Grande pueblos have been suggested. McKusick (1982), using 

data only to 1972, felt that the different room blocks were 

characterized by different species of birds, both as intenU.onal burials 

and as discarded parts presumably related to the manufacture of 

ceremonial paraphenalia. These, she suggested, could represent totemic 

markers of different social groups, each ocoupying its own seotion of 

the pueblo, with the Great Kiva as a communal area where bird remains of 

all kinds were found. The data from further excavation (J. Olsen 19~0) 

shows a more randomized pattern; rooms exoavated sinoe MoKusiok's work 

add a mix of bird speoies to all the room blooks. 

Birkby (1973, 1982) used 54 non-metrioal oranial traits in 

burials from the east and west sides of the pueblo to oaloulate mean 

measures of divergence for different subpopulations. The two sides of 

the pueblo differ by his measure; females are more homogeneous than 

males in both groups, and males differ equally from the females in their 

own group and the females in the other. He interpreted these patterns 

as possible indioations of a dual division with stable female 

populations in a uxorilooal marriage system, and males who were not 

merely moving between the mOieties, but coming from outside the village. 

Whittlesey's (1978) more reoent work suggests that Birkby's assumption 

of negligible temporal differenoes may not be oorreot. While uxorilooal 

marriage patterns are well known from the western pueblo groups, village 

endogamy rather than exogamy is the rule in all the recent pueblos. 
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Given the probability that the Grasshopper population was built up in a 

short time by the rapid aggregation of small groups, Birkby's evidence 

could reflect an earlier system of small villages whose populations 

formed two groups with uxorilocal residence and village exogamy. 

There is no other good evidence to support a dual division. The 

apparent duality of the site on two sides of the Salt River Draw could 

be a fortuitous circumstance of topography, as the two sides of the 

pueblo began as at least three separate groups of rooms. There is 

little evidence of planned growth, and no evident functional or 

architectural differences between the two sides of the pueblo. The 

artifacts have not yet been sufficiently analyzed to demonstrate 

potential differences in style or activity between units of the pueblo. 

While the dual division of Grasshopper society remains a possibility, 

the evidence is weak. 

Political Qrganization 

In Chapters 1 and 2 I noted that a number of archaeologists in 

the Southwest have argued for the presence of prehistoric groups more 

highly organized than the modern pueblos, on the level of chiefdoms or 

advanced tribal systems to use th~ terminologies of Serv1ce (1962) and 

Fried (1967). It is suggested that formalized authority, ascribed 

status differentiation, elite control of economic resources, and 

extensive systems of exchange and redistribution should be visible in 

the archaeological record of larger southwestern communities (e.g. 

Upham, Lightfoot, and Feinman 1981; Cordell and Plog 1979; Upham 1982; 

Wilcox 1981). The evidence for such systems is hotly disputed, and 

there is little at Grasshopper that can be immediately construed in such 
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ways. 

Grasshopper lacks evidence of many of the factors commonly seen 

as encouraging the development of stratiried societies with strong 

leadership. It has been shown that W1ttfogel's (1957) model of 

hydraulic societies and the rise of "oriental despotism" does not apply 

to all groups with extensive irrigation systems (e.g. Fernea 1970). 

The Rio Grande pueblos are a case in point. Although they have had 

irrigation systems at least since protohistoric times (Ellis 1981), 

which may have helped to produce more centralized and less kinship-bound 

organizational systems than are present among the Western Pueblos 

(Wittfogel and Goldfrank 19~3; Eggan 1950; Dozier 1970b), the Rio 

Grande pueblos do not approach the oriental despotism model of 

centralized authority. In any case, canal irrigation was not practiced 

at Grasshopper. This part of the Mogollon region is characterized by 

farming systems similar to those of the modern Hopi (Hack 1942; 

Woodbury 1961), with check dams, terraces, and gridding known at 

Grasshopper (Tuggle, Reid, and Cole 19H1; Spain 1970), and no evidence 

for more advanced water control. No large mobilization of labor or 

cooperative efforts are likely to have been needed. 

Warfare, defense, and expansion are sometimes considered as 

reasons for the development of strong leaders and formalized power 

structures (Carneiro 1910). Warfare does not seem to have been a major 

concern of the people of Grasshopper. Indeed, in comparison with 

skeletal populations from elsewhere in prehistoric North America, the 

Grasshopper burials are remarkably free of marks of violence. There is 

only one probable arrow wound and Madeleine Hinkes informed me of a few 
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instances of depressed skull fractures and soalping outs. The pueblo is 

not well arranged for defense, although the oonoentration of population 

in a large pueblo may have improved defensive oapabilities. 

There is very little at Grasshopper whioh suggests the need for, 

or the fact of, any mobilization of large numbers of people. There is 

no irrigation system or monumental arohiteoture. Habitation units in 

the pueblo would probably have been oonstruoted by the families that 

occupied them. The only evidenoe of village planning is the maintenanoe 

of open plazas, and even these were encroaohed on. The only project 

which probably required a large oommunal work foroe is the Great Kiva. 

If the ethnographic Pueblos are a valid model, religious organization is 

the most likely souroe of leadership in Pueblo societies. 

Ethnographically, in all the Pueblos, the religious leaders serve as the 

most important governing body (Dozier 1970b). However, the authority of 

religious leaders is not strongly formalized, has little or no coeroive 

power, and oonfers sL'.ght if any oontrol over economio resouroes or 

eoonomic benefits (e.g. Titiev 1944; Ford 1972b). Religious leaders 

seem most likely at Grasshopper. Not only would this be consistent with 

reoent systems, but the only large publio work oonstruoted at 

Grasshopper is the Great Kiva, a struoture whioh was probably for 

religious aotivities. It is often suggested that Great Kivas represent 

the development of pan-oommunity religious organizatiOns that would have 

served to integrate diverse groups within large pueblo oommunities 

(Longacre 1964). 

The degree to whioh authority, religious or otherwise, was 

asoribed and assooiated with different social groups is still in 
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question. Meaningful construction units representing smaller social 

groups within Grasshopper are still too poorly known to allow 

comparisons of wealth or status items between them. Clark (1967, 1969) 

analysed the 199 burials collected at that time as spatial clusters. He 

felt that the burials from Plaza III, which later became the Great Kiva, 

were generally much richer than those elsewhere, and concluded that they 

represented members of a social elite buried in an area of social and 

ceremonial significance. Whittlesey (1978), using a larger sample of 

burials and many more dimensions of variability, agreed that the burials 

from Plaza III were unusually rich, but suggested that this was at least 

partly due to temporal changes in the placement and furnishing of 

burials. She found that there was a considerable degree of homogeneity 

throughout the burial population, and that age and sex as well as 

relative date and provenience were the variables explaining the greatest 

amount of variation in the treatment of the dead. There are still a 

number of burials which are outstandingly rich, and which very likely 

represent community leaders. This will be discussed further in 

connection with the projectile points from burials. 

Economic Organization 

Large scale trade and the specialized manufacture of some goods 

is often seen as a stimulus to the development of centralized authority 

and economic and social differentiation. There is undoubted evidence of 

long distance trade connections at many southwestern sites. At 

Grasshopper there are Mexican macaws (S. J. Olsen and J. Olsen 1974, 

J. Olsen 1980), and J. J. Reid informs me that three copper bells have 

been found in recent excavation. ·A number of coastal shell species are 
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common in the form of beads and other ornaments. There are ceramic 

vessels (Whittlesey 1974) and raw materials such as turquoise and 

obsidian (Agenbroad 19~2) from elsewhere in the Southwest. However, I 

have already argued that this flow of exotic goods does not necessarily 

imply centralized economic control. The ethnographic Pueblos traded far 

and wide for some of the same goods and a host of others not attested 

archaeologically, without developing economic elites or strong 

centralized authority (Beaglehole 1937; Hough 1915; Ford 1972a). 

At Grasshopper there is no good evidence for an elite group with 

economiC powers. As mentioned, the burials do not seem to present 

evidence of a socially or economically elite group, only some 

outstanding individuals. Griffin (1969), looking for evidence of 

redistribution and economic elites felt that there was no evidence of 

the expected clustering of economic goods in centralized storage 

facilities and high status areas, or of "activity group residues" 

indicating production by groups larger than individual families. 

Ciolek-Torrello (1978) suggested that the core unit of Room Block 3 

mentioned above, and other "central zone" areas of the pueblo such as 

the rooms around the Great Kiva, show an unusual emphasis on 

manufacturing and may indicate some specialization of social groups 

within the pueblo. Neither of these studies can be considered 

conclusive, mainly because there is no detailed analysis of the 

manufacturing activities, nor is enough known about different 

residential units such as the COL to effectively compare differences in 

economic status and specialization among different social groups within 

the community. I will return to these questions when the production of 



40 

projectile points and bifaces are discussed. 

SummarY 

We can briefly summarize what we know of Grasshopper so far. It 

is a large Pueblo community of Late Mogollon cultural affiliations, 

established just before A.D. 1300 and occupied for about a century. 

What evidence we have for its social and economic organization indicates 

a community comparable in many ways to recent Hopi pueblos. It 

developed rapidly through the immigration and subsequent growth of small 

groups perhaps analogous to recent clans or lineages. There is little 

evidence for larger social units. There does not seem to have been 

centralized leadership, and we can suggest a relatively diffuse 

political structure with major ceremonial officers providing leadership 

in other spheres. The reasons for the abandonment of Grasshopper are 

unknown, and could be the result of both social and environmental 

factors. 



CHAPTER 4 

ARCHAEOLOGICAL CONTEXTS 

Having discussed the Grasshopper Ruin as a whole, it is 

appropriate at this point to describe in some detail the contexts from 

which assemblages of lithic material were examined. Two rooms and a 

number of bUrials were particularly important. The rooms provided 

evidence of manufacturing activities and the burials produced sets of 

points which could be tested for individual variation. 

Manufacturing Debris in RoomS 28 and 246 

Workshops and activity areas are often identil:'ied in 

archaeological sites and provide some of the most important information 

on the organization of crafts and industries. Workshops and the debris 

from them are often the best sources of information on technological 

details such as manufacturing sequences and tools. It is sometimes 

possible to quantify wastage, output, and other aspects of production. 

Localized manufacturing activities can often be associated with 

habitation structures or other contexts which can be interpreted in 

terms of the social group responsible for production. 

Material which was abandoned at the spot where it was produced 

is most desirable for identirying and interpreting manufacturing 

activities, but secondary refuse is also very useful if there is enough 

of it, or if it is unlikely to have been moved far. 

41 
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Rooms 28 and 246 contained large numbers of projectile points 

and evidence of their manufacture. Room 246 had in addition an 

unusually large and complete assemblage of other common tool types, plus 

a unique collection of large bifaces and associated debitage. These 

rooms provide important information for the later discussions of 

Grasshopper lithic technology in general, the projectile point industry 

in particular, and the social and economic position of such crafts. In 

order to understand properly the nature of the evidence and its 

interpretations, a brief consideration of 

situations is necessary. 

Room 28 

these two contextual 

Room 28 was excavated in 1967 and 1968. The following 

information is mostly from the field notes and summary reports of the 

two teams of excavators (Davis and Rehm 1967, Chernela and Johnson 

1968). 

Room 28 is on the extreme northern end of Room Block 1, and was 

added during one of the later phases of construction in that part of the 

site. There are no tree ring dates reported for this room (Dean and 

~obinson 1982). On the basis of the large amounts of trash per room 

area in Room 28, Reid (1973) and Ciolek-Torrello (1978) class this room 

as early abandoned. It is an average sized room, a bit more than four 

meters on a side, and only one story. 

The excavators distinguished natural stratigraphic levels whiCh 

can be summarized as follows: 

Leyel 1. Surface and Humus. 

Leyel 2. Wall fall, rocks and increasing numbers of artifacts. 
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Leyel 3. Trash fill, with fewer rooks, ash lenses, numerous 

artifaots. 

Leyel 4. Waterlaid deposits, few artifaots. 

Floor 1. Charooal and hearth, artifaots in the north half of 

the room. 

Floor 2. Fire pit, slab lined hearth, few lithios, more oeramio 

artifaots. 

Unnumbered. Trash, thin layer. 

Unnumbered. Oooupation surfaoe (pre-room), with oharooal and a 

hearth under the north wall. 

Unnumbered. Trash, thiok layer, about 50 om. 

Unnumbered. Sterile soil, with burials apparently originating 

in the lower part of the overlying trash. 

The total depth of deposits was about 1.5 to 2 meters. 

Some of the problems in interpreting this room may be briefly 

stated. The first four levels were exoavated in 1967, and the room 

oompleted in 1968. The seoond team exoavated in 25 om arbitrary levels 

and desoribed the stratigraphy afterwards. 

looters between the two seasons. Some of 

The room was disturbed by 

the earth was screened, 

inoluding most of Level 3, but some was not~ Of the debitage, I was 

only able to looate two small bags of large pieoes. They were labeled 

"keepers", implying the disoard of the rest of the debitage. The room 

report (Davis and Rehm 1967) states that 202 projeotile points were 

found. I looated 111. Only those from Level 3 (N=93) were analysed. 

The si~uation is similar for other lith10 items. 

In spite of these problems, some reasonable interpretations of 
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the context of interest, that containing most of the projectile pOints, 

can be made. The room seems to have been a habitation room with a 

characteristic slab lined hearth, but the floors and lower levels seem 

to have had no points and are not relevant here. The waterlaid deposits 

(Level 4) indicate a period of disuse and weathering. No evidence of 

beams or other roofing material was recorded. If the roof was not 

removed during this .period of disuse, it probably was later, although 

the possibility of poor preservation makes this uncertain. The period 

of disuse was followed by the accumulation of large amounts of trash in 

the room (Level 3), and eventual collapse of the walls (Level 2). There 

is probably some mixing of deposits, with points and other tools similar 

to those of Level 3 occurring sparsely in Levels 1, 2, and 4. Only the 

points from Level 3 were analysed, to minimize problems of contextual 

mixture and recovery and recording errors. 

The exact nature of the trash deposit is hard to establish. The 

excavators saw no evidence of a use surface, although the top of Level 4 

could have been one. Level 3 was mostly screened through 1/4 inch mesh, 

but some of the ashy lenses were fine-screened, resulting in the 

recovery of "some retouch flakes, but not in significant quantities to 

indicate a working area" (Davis and Rehm 1961). This could indicate 

that only the larger debris was removed from the work site and dumped in 

Room 28. This possibility should not be overemphasized, given the 

problems of incomplete and selective screening, and the faQt that many 

of the point fragments recovered were very small. Level 3 contained 

large amounts of pottery as well as lithic debris, suggesting a general 

purpose disposal area. The presence of perfectly usable points as well 
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as obvious rejects could be interpreted as in situ loss, which might 

have been rectified if the debris had been collected and moved. The 

lithic debris is also specialized, with a very consistent point form and 

relatively few other lithic forms, which suggests a single source. Both 

ceramic and lithic artifacts were concentrated in the western half of 

the room, which could result from either the accumulation of debris in a 

habitual dump site, or the maintenance of a cleared work space with a 

peripheral dump. However, there are no features, no good surface, and 

no whole pots or other apparently stored goods, any of wh1ch might be 

expected on a room floor receiving normal use. The evidence is thus 

equivocal, and could indicate a workshop with a dump of "primary refuse" 

(Schiffer 1972), a dump of "secondary refuse" produced elsewhere, or a 

workshop and its dump wh1ch also served as a disposal area for other 

refuse. Before considering this further, a similar pattern will be 

shown in Room 246. 

Room 246 

Room 246 is a much more complex room than Room 28, and was more 

thoroughly reported. It was excavated during the 1974 and 1975 field 

seasons under the supervision of R. S. Ciolek-Torrello, and most of the 

following information is from the field notes and summary reports of the 

two sets of excavators (Adams, Brondtsky, and Cinadr 1974; Deutchman, 

Nienue, and Powell 1975). 

Room 246 encloses the largest area of any single room on the 

site, approximately seven meters by five meters on a side. It was also 

two stories tall. It is one of the core rooms of Room BlOCk 3, toward 

the north end but completely surrounded by later additions. There is a 
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single tree ring date of 1228++vv (Dean and Robinson 19H3) which is too 

far from the cutting date and too early to be of much use. Dates in 

neighboring rooms are rather late, and may indicate late additions of 

second stories rather than original construction dates. There are 

surfaces under the room which appear to antedate its construction, so 

while Room 246 was part of the earliest surviving masonry unit in this 

part of the Site, there was prior occupation. 

Room 246 is seen as a room which was constructed early and 

continued 

remodeling 

in importance 

and possible 

for a long 

changes in 

time, with several episodes of 

function. At abandonment 

Ciolek-Torrello feels that there were complementary sets of features on 

ground floor, second story floor, and roof, suggesting that this room 

contained the entire suite of floors necessary for a househOld. The 

evidence of manufacturing activities is also considered typical of the 

rooms in this construction unit. I have discussed this in the previous 

chapter, and will advance the hypothesis that ROOM 246 had communal 

functions analogous to a modern clan house (Chapter 9). 

In excavating Room 246, a number of stratigraphic units were 

recognized: 

Level O. Surface and old backdirt. 

Level 1. Humus, 30-40 cm th1ck. 

Level 2. Subsurface to fallen roof, mostly wallfall, few 

artifacts, 10-30 em thick. 

Leyel 3. Roof and de facto refuse on it, a hard clay sheet with 

charcoal flecks. Mealing bins and equipment (Fe~tures 1, 2, and 3) were 

along the east wall and in the northeast corner. A slab lined hearth 
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(Feature 4) was in the center. A few fetal human bones were found in 

unclear context. 10-20 em thick. 

Leyel 4. Below roof to second story floor, nonspecific 

architectural debris, looser, with wall fall, shakes and plaster, 

relatively sterile except that the top of the midden (Feature 5), was 

encountered in the northeast quadrant of the room. The midden material 

was distinctive, with ashy lenses and large numbers of artifacts, 

especially lithic tools and debitage. 30-50 em thick. 

Level 5. Second story floor and second story fall, clayey and 

almost sterile in the south part of the room, the northeast quadrant was 

occupied by the expanding midden (Feature 5). There was also a central 

slab hearth (Feature 6), a mealing bin near the southwest corner 

(Feature 8), and two pot clusters, Feature 7a in the eas~ern part of the 

northwest quadrant, and Feature 9 near the east wall in the southeast 

quadrant. 30-45 cm thick. 

Leyel 6. Below second story floor to ground floor, secondary 

refuse. The northeast quadrant was occupied by the midden (Feature 5), 

which also spread into the adjoining quadrants. In the rest of the 

&-vow, Level 6 was a thin layer of laminated silts, apparently 

water-laid, and almost sterile. 15-20 em thick. 

Leyel 7. Last ground floor (Floor 1), and de facto refuse. 

Dark compact clay with charcoal flecks formed a good surface in the 

south part of the room but was softer in the nor~h and east and could 

not be traced under the midden (Feature 5). There were numerous 

artifacts on the floor, but the lithic items were mostly confined to the 

midden area in the northeast quadrant. A group of pots in the northwest 
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corner (Feature 7b) mayor may not have belonged with this floor. 

Another pot cluster (Feature 10) apparently with manos and metates, was 

against the south wall. There were more pots at this level in the same 

area where Feature 7a was found, at the western edge of the midden. Two 

clay-lined pits (Features 11a, llb) were f1l~ed with lithics, apparently 

from overlying Feature 5. A hawk burial (Feature 12) was below this 

floor in the southeast quadrant. Floor 1 covered closed doorways in the 

south and east walls. 3-17 em thick. 

Level 8-1. Below Floor 1 to Floor 2. Clay lumps and trash in 

an even layer, probably an intentional resurfacing. 5-10 em thick. 

Level 8-2. Floor 2. Material similar to Floor 1. Doors were 

apparently open at this time and there were niches in the north wall. 

Three fire pits (Features 17, 18, 23) were on Floor 2, as well as a 

rectangular oven (Feature 22) which belonged to the floor below but was 

still in use and reddened the clay of Floor 2. There were two macaw 

burials (Features 13, 15) "within this floor." Twelve burials, mostly 

children or infants, apparently originated from this floor. 2-20 em 

thick. 

Level 8-3. Below Floor 2 to Floor 3. Trashy fill. 

Level 8-4. Floor 3. Mostly in the northeast quadrant. 

Included a thin layer of dark silts and some orange silts with apparent 

chinking stones. Features were the oven (Feature 22) and a fire pit 

(Featu~e 20). There were some artifacts, both lithic and ceramic, but 

scarce. 2-10 em thick. 

Level 8-5. Floor 4. A thin dark trashy layer, only found in 

the northeast quadrant, contained five postholes (Feature 14) which 
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could have been part of a jacal structure and a fire pit (Feature 21). 

About 11 em thick where found. 

Leyel 9. sterile clay and bedrock. 

The problems of interpreting Room 246 are similar to those of 

Room 28, but more complex. Following standard procedure at Grasshopper, 

the room was excavated in four quadrants with a cross-shaped balk 

separating them. However, parts of the balk were removed from time to 

time, and several exploratory trenches were dug below the common level 

in different quadrants. The first team excavated most of the room down 

to Level 7 (Floor 1) except in balks and the northeast quadrant, and the 

second team carried on from there. Accordingly there are some 

uncertainties in the assignment of levels. 

In 1974 the areas of Level 3 near the features were screened. 

Most of the material from Feature 5 was screened through 1/4 inch mesh 

and every tenth shovelful through 1/8 inch mesh, but the rest of the 

room was apparently not screened. In 1975 all of Feature 5, that is 

Level 5 in balks and Level 6 in the whole northeast quadrant, was 

screened through 1/8 inch mesh. It is not clear what was screened in 

the rest of the room. This differential screening means that the 

concentration of lithic artifacts in the midden (Feature 5) in the 

northeast quadrant is perhaps accentuated. The distribution of large 

artifacts confirms that it did exist, but it is hard now to estimate how 

much Feature 5 was spread over the rest of the room. All of the 

recovered material was saved for analysiS, including many pounds of 

debitage. 

The recording was generally good in spite of a few 
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contradictions and obscurities. However the plans and profiles were not 

complete and clear enough to be of much help in sorting out the room, 

hence some vagueness in my descriptions. The artiracts were recorded on 

field lists, and coded into a Selgem computer storage pr.ogram. Locating 

the artifacts which had only a catalogue number, and associating them 

with their provenience information proved difficult. The Selgem program 

was not very flexible, and the coding used was too complicated, so there 

were many errors in the original records. Most were eventually sorted 

out, and of 382 flaked stone tools recorded by the excavators, only 29 

were not located. All the bifaces were found. 

The history of the room can now be reconstructed. There were 

one or two occupational surfaces before the room was built, with cooking 

features and possibly a jacal structure. The chinking stones in Floor 3 

could be debris from building the room, which had Floor 2 as its first 

floor, with habitation features. It was probably a single story at this 

time, although there is apparently no architectural evidence to indicate 

when a second story was added. The floor was eventually resurfaced to 

form Floor 1, which seems to cover the doors which are now blocked. It 

is perhaps at this time that the roam was surrounded by additions, and a 

second story was added, changing the lower level to a dark storage room 

with a hearthless floor. The second story floor and the roof had 

features typical of habitation uses at abandonment. 

At the time of abandonment there was also a large pile of refuse 

occupying fully a quarter of at least one floor. This midden (Feature 

5) is the source of the vast majority of the lithic artiracts from the 

room, and thus the context of most interest here. As excavated, it was 
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encountered from the upper part of Level 4 to the top of Level 7. After 

Level 4 it apparently filled the entire northeast quadrant of the room. 

Its actual boundaries are not clear, and artifacts were not always 

clearly recorded as coming from the midden, even when they came from the 

northeast quadrant and can be assumed to be from it. Accordingly, some 

effort is necessary in tracing the distribution of midden material. 

The bifaces are large, recognizable, and were all available for 

analysis. They will be discussed later, but can serve as tracers here. 

Table 4.1 lists all of the biface fragments and their proveniences by 

quadrant, and Table 4.2 lists conjoinable pieces and their proveniences. 

Several clear patterns are evident. 

~. Most of the bifaces in all levels come from the northeast 

quadrant. The absolute horizontal coordinates confirm this. 

Z. There are a few pieces from other quadrants at all levels. 

By actual coordinates most, but not all, of these are near the northeast 

quadrant. 

~. The conjoinable pieces of bifaces and other items show that 

Feature 5 is a single homogeneous deposit in all levels. Pieces which 

fit together and were not modified after breakage are sometimes 

separated by one or even two complete levels. These levels are 

arbitrary divisions of the midden formed by carrying a natural level in 

one part of the room across a feature where it did not exist, but the 

separations are confirmed by the vertical coordinates. These show up to 

134 em of vertical separation between fragments, although most are much 

closer to each other. 



Table 4.1. 

Bifaces in Room 246, by Quadrant. 

L~x~l 1 i HlUIIu~ 
NEQ 1 

LeX!ill 2i SY12~J.u:rSQ~ tg I::ggr. g~12I::;i.~ 
NEQ 1 

Lexel 3i Rggr and ge ractg I::eruse 
SEQ 2 (from feature 2, mealing area) 

Level 4; 
NEQ 11 
SEQ 1 
SWQ 2 
NWQ 1 

Level 5i 
NEQ 25 
SEQ 2 
SWQ 1 
NWQ 2 

Below roof to secgnd stOI::Y rlggr, d!il12r;i.s + m;i.gg~ 
(9 from featUre 5, midden) 

Secgng stOI::Y flggl:: and secgnd stgry raIl + midden 
(22 from feature 5, midden, others probably also) 
(1 from feature 5, midden) 

(2 from feature 5, midden) 

Lexel 6; Below secgnd story rlgol:: to gl::gynd rlogr. 
secgngal::Y refuse, m;i.dden 

NEQ 11 (7 from feature 5, midden, others probably also) 
SEQ 1 
NWQ 2 

L!ilxel Jj Last gcgund t:1ogc (rIogc 1) 
NEQ 6 (3 from feature 11a or 11b, pits) 
SEQ 1 (1 from featUre 11a or 11b, pits) 

Lexel 8-li Below rlggl:: 1 tg·rlggl:: 2 
NWQ 1 
Center Balk 1 

Level 8-2; Flggl:: 2 
SEQ 1 

52 
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Table 4.2 

Conjoinable and related pieces from Room 246. 

AtU(iiI,2t H!.1III1U~t l&D.l. QY,U~taDt Feature 
Biface 74-13-390 5 NE 5 

FN 1855 8-1 NW 

Biface FN 352 4 NE 
74-13-177 5 NE 5 
74-13-153 5 NW 5 

Biface 74-13-120 5 NE 5 
74-13-133 5 NE 5 

Biface 74-13-196 5 NE 5 
74-13-90 4 NE 5 

Biface 74-13-135 5 NE 5 
74-13-178 5 NE 5 

Biface 74-13-131 5 SE 5 
75-11-676 7 NE 

Biface 75-11-280 6 NE 5 
74-13-501 5 NE 5 
75-11-278 6 NE 5 

Biface 74-13-156 5 NE 5 
75-11-387a 7 NE 11 
75-11-387b same as 387a '1 

Biface 74-13-151 5 NE 5 
incomplete FN 38 2 NE 

Biface 75-11-751 7 NE 
incomplete 75-11-279 6 NE 5 

Biface 74-13-89 4 NE 5 
incomplete 74-13-121 5 NE 5" 

Biface 75-11-701 7 NE 11b 
incomplete 74-13-130 5 NE 5 

Biface 74-13-175a 5 NE 5 
incomplete 74-13-175b 6 NE 5 

74-13-524 6 NE 5 

Shaft FN 626 6 NW 5 
Straightener 75-11-521 6 C balk 5 
incomplete 75-11-677 5 NE 5 
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Table 4.2 continued. 

Plates from 74-13-101 4 NE 5 
same nodule 74-13-102 4 NE 5 

Macroflake, 74-13-114 4 NE 5 
broken FN 1816 8-1 SE 

Macroflakes, 74-11-26 3 SE Roof' 
same nodule, 74-11-29 3 SE Roof' 
not joinable 
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~. There are conjoinable fragments both above and below the 

apparent vertical limits of the midden. 

Arguing from these patterns and other evidence, the nature of 

the midden may be assessed. From the measurements and drawings, the 

midden appears to be a half-conical pile in the northeast corner of the 

room, with its highest point against the east wall. The bottom seems to 

rest on the last ground floor (Level 7) and the maximum height as 

excavated was about one meter. It also filled two pits in this floor 

(Features 11a, 11b).' Three biface fragments occur in unspecified parts 

of Level 8 below Floor 1. One joins a fragment from Level 5, 85 em 

higher and in a different quadrant. These bifaces are more likely to be 

here as a result of mixing than of continuity of use, as the floors were 

disturbed ~ numerous burials and by rain during excavation. 

The excavators suggest that the midden materials were dumped 

through a hatch on the second story floor, but there is no evidence for 

a hatch and the pile is not centered in the room. When the second story 

floor and the roof collapsed, the midden protruded through the rubble of 

the second story floor. 

It is still not clear where the bifaces were being manufactured. 

The dark ground floor room without hearth, doors, or windows where they 

were discarded is not likely to have been the workshop. The second 

story floor or roof is much more likely, but the bifaces are very rare 

on all occupation surfaces except j.n the northeast quadrant midden, and 

the few elsewhere are as likely to result from post-depositional mixing 

as in situ abandonment. Other lithic tools are Similarly concentrated. 

If the second story floor or roof were used as knapping areas, they were 
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swept clean, at least of larger pieces. 

There were pots on the ground floor around the dump area which 

ware apparently whole, so this room may have had a continuing storage 

function. The midden also contained large quantities of faunal remains, 

ground stone, and potsherds, so it was the f1nal resting place of much 

general household refuse as well as lithic debris and related items. 

None of the other artifacts have been analysed, so for the moment we 

must concentrate on the lithic mate~·ial. 

As will be shown, almost all of the bifaces and points were 

broken in manufacture, and much of the waste results from the production 

of these and other tools. As well as bifaces, pOints, and other flaked 

stone, there are shaft straighteners, hammers tones , and antler flaking 

tools in the midden. Included with the large flakes and other material 

are also pounds of tiny retouch flakes and minute debris, as well as a 

number of tools in apparently complete and usable condition. The first 

indicates either that flaking was done on the spot, or that complete 

collection preceeded dumping, if the waste was moved. The second 

suggests that artifacts were stored here, or were lost at the site of 

use or manufacture, perhaps because they were dropped among refuse. 

It will probably not be possible to resolve completely the 

questions of the relationship of the midden to its possible sources. It 

is probable that such debris was not moved far, and that a dark room was 

not used as a work shop. The best hypothesis seems to be that the upper 

habitation floor or the roof was the site of manufacture, and the waste 

was swept or dumped into the semi-abandoned room beneath, which served 

also as a convenient household dump, and perhaps as storage space for 
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less valuable items, if the vessels there are actually complete when 

reconstructed. Room 28 also fits this pattern, either as a roofless 

room used for messy work and dumping, or as an abandoned room whose 

interior was a dump, and whose roof was a work area, before it was 

removed. 

The depositional history of Room 246 can now be briefly finished 

by noting that almost as many mouse bones (130 MNI) were recovered here 

as in all the rest of the rooms together (Holbrook 1982). It was 

evidently an attractive habitat for vermin, either while edible refuse 

was being dumped into it, or after abandonment. The laminated silts of 

Level 6 indicate a culturally inactive period, presumably after 

abandonment and before collapse. 

Summary: Lithic Dumps 

Rooms 28 and 246 contain the most concent~ated deposits of 

lithic material so far recovered at Grasshopper. Both have large dumps 

including unusual amounts of waste and rejects from the manufacture of 

flaked stone tools, mixed with debris from other activities which are 

common to most trash deposits. In both cases, it can be suggested that 

the manufacturing actually took place near, but not in, the room space 

occupied by the dump, probably on the roofs or floors above. 

Burials 

Burials provide a contextual situation extremely desirable in 

archaeology which I shall refer to as limited contexts. They represent 

a single event of limited duration which was meaningful to the society 

in which it occurred. The material from a burial was in use at one 
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point in time, associated with a specific individual, and assigned 

symbolic meaning by that individual and his contemporaries. Burials are 

the most interpret ably discrete contextual units available and sets of 

goods from burials are thUB the best starting point fora study of 

individual variation. 

The burials and other limited contexts which I used in this 

study will be listed later (Chapter 7). Some further details of context 

and association will be discussed in Chapter 9 when interpretations of 

the meaning and significance of projectile points in burials are 

presented. Here it is necessary to describe some of the general 

context, dating, and sampling concerns. An extensive study of burial 

context and associations has been undertaken by Whittlesey (1978) and 

some of the following information is from her work. 

To date, 664 numbered burials, representing 674 individuals, 

have been recorded at Grasshopper. Burials occur allover the site, in 

exterior trash areas, beneath the floors of occupied and abandoned 

rooms, and in plazas. There is a tendency for subadults to be buried 

beneath room floors, while adults are more often in exterior areas and 

plazas (Whittlesey 1978:186). Most of the interments are primary, 

extended on the back in a simple rectangular pit. There are a couple of 

cremations. Of Whittlesey's sample of 413 burials, 285 (69%) had grave 

goods, most often pottery, and frequently only one or two pieces. Other 

common grave goods are mostly personal ornaments or small pieces of 

ritual paraphenalia such as rings of bone, shell, or stone,turquoise ear 

bobs, conus tinklers, shell bracelets, bone hairpins, and beads of stone 

or shell. Seventy-one burials were recorded as including flaked stone 
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Only 11 of these included sets of 3 or more projectile 

Although the sample of burials is large and probably gives a 

good idea of the overall burial patterns and range of variation, some 

subsets of it are less likely to be representative. A large number of 

burials came from the excavation of the Great Kiva and surrounding 

rooms, and because some of these had unusual numbers of grave goods, it 

has been suggested that this was a high status cemetery (Clark 1967, 

1969) in an area of social and ceremonial significance. However, these 

burials were actually made in Plaza III, which was later transformed 

into the Great Kiva, so its earlier significance is uncertain. Plazas 

also seem to have been favored burial locations early in the occupation, 

when burials tended to be richer than later (Whittlesey 1978). The 

other plazas have not been as completely excavated and may contain as 

many burials as the Great Kiva Plaza III. Those found so far indicate 

that burials from all three plazas are comparable in richness 

(Whittlesey 1978:172, Fig. 5). 

Sampling problems also make it difficult to compare subsets of 

the burial population from different areas of the pueblo, although this 

has been tried with varying degrees of success (Clark 1967, 1969; 

Birkby 1973, 1982; Whittlesey 1978; Hinkes 19~3). The association of 

burials with structural units is not always clear where the burials are 

in exterior areas or beneath structures whiCh in some cases may have 

been constructed after the interment. It is thus hard to use the 

burials to discuss localized social groups within the pueblo. 

The burials are also difficult to date within the 100 year span 
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of Grasshopper. Whittlesey (1978) and Hinkes (19~3) managed to 

subdivide the burials into several major chronological groups on the 

basis of construction and abandonment sequencing of the structures in 

which they were found. However, in many cases a burial's stratigraphic 

position was not clear to the excavators, and it is not possible to 

determine whether it was interred before room construction, or from one 

of several floors. It is likely that by combining all the chronological 

data from construction, abandonment, and stratigraphy with a minute 

study of ceramic and other grave goods, the burials could be more 

preCisely ordered and more accurate diachronic studies could be made. 

As this has not yet been done, I was unable to work with temporal 

variation in the point sets from burials. 

The material I have examined from Grasshopper provides examples 

of both the difficulties and the importance of working with large sites. 

On the one hand, temporal sequencing is difficult, and sampling problems 

may be serious, and the entire Site, or even the entire recovered 

artifact assemblage, has not been analysed. On the other hand 

manufacturing contexts with large amounts of waste and burials with sets 

of items are rare. 

likely to produce 

intrasite variation. 

Only large and extensively excavated sites are 

the kind of evidence needed for detailed studies of 



CHAPTER 5 

THE FLAKED STONE ASSEMBLAGE AT GRASSHOPPER 

The projectile pOints which are the focus of this study are only 

part of an unusually diverse, abundant, and fine lithic assemblage at 

Grasshopper. The nature of the assemblage probably results in part from 

the proximity of plentiful and excellent chert outcrops. This resource 

was the root of a major productive effort within the community and was 

potentially exportable as well. The technological base of this industry 

is presented in this chapter. The assemblage is described using mostly 

the material from Room 246. This not only provides descriptive 

information which was previously unavailable, but will also emphasize 

the diversity and quantity of the material from Room 246, which will be 

important in interpreting this room. 

The Cbert Resources 

In June of 1981 I spent a week exploring chert sources in the 

Grasshopper region, occasionally accompanied by Michael W. Graves. The 

goal of this research was to locate the major chert source or sources 

for Grasshopper and surrounding settlements, examine the extent and 

availability of these sources, and get a preliminary idea of the 

relationship of settlements to sources of raw material. 

As much of the Grasshopper region has been intensively surveyed 

by the Field School, previous survey information was relied on for site 
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locations and preliminary indications of chert source areas. The 

geological 15 minute quadrangle map for the Chediski Peak Quadrangle 

(Finnell 1966) which includes Grasshopper and the upper reaches of the 

Salt and Canyon Creek drainages was also useful, 

extrapolated to the southern part of the area surveyed. 

and could be 

Most of the 

previously recorded source areas were re-examined, a good portion of the 

major Redwall limestone outcrop area indicated on the geological map was 

walked, and most of the road areas east of the sources, where no chert 

was expected, were checked as well (see Figure 3.2). 

Geology 

The Grasshopper region east of the Canyon Creek drainage is 

formed of sedimentary rocks, which dip slightly to the east and south. 

The surface topography of the region has an OPPOSite slope, descending 

west toward the deeply entrenched canyons of Canyon Creek and its 

tributaries. Thus as one travels west from Grasshopper Pueblo, the 

elevation decreases, and one crosses bands of exposed sedimentary rock 

of increasing antiquity. The width of the exposure varies depending 

upon the steepness of the slope, and the thickness and dip of the beds. 

If one begins about 6.6 km (4 miles) east of Grasshopper and 

travels west, the exposures from top to bottom are as follows (Finnell 

1966): 

Supai Formation. sandstone and siltstone member. 

to 600 feet (168 to 183 m) thick. 

Permian, 550 

Supai Formation. Cibecue member. Permian and Pennsylvanian, 280 

to 350 feet (85 to 107 m) thick. Calcareous sandstone and shale. This 

material forms the butte on which Chodistaas Pueblo (AZ P:14:24) was 
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built, and the sandstone was quarried as building stone for Grasshopper 

Pueblo (Scarborough and Shimada 1914). 

Supai Formation, limestone and sandstone member. Pennsylvanian, 

300 to 315 feet (91 to 96 m) thick. This is the bedrock around 

Grasshopper Pueblo, which is in the center of an exposure running 

northwest to southeast and at that point 0.8 to 1.2 km (0.5 to 0.15 

mile) wide. In outcrops around the ruin this is mostly recognizable as 

grey, finely crystalline, silty limestone, emerging in eroded ledges and 

knolls. Fossils are common, including fusilinids, gastropods, 

pelecypods, brachiopods, and especially crinoids. Fossils are 

frequently replaced by red or orange chert • 

.HMo Formation. Pennsylvanian, 480 to 515 feet (146 to 115 m) 

thick. The widest exposures in the area are of the Naco Formation. It 

contains limestone, shale, and sandstone. Around Grasshopper it is most 

often recognizable as a grey to purplish limestone, very hard and 

crystalline, which is often eroded into rounded forms and nodules in 

stream beds. Fossil brachiopods, pelecypods, crinoids, bryozoans, horn 

corals, and fusilinids are often replaced by red chert. Toward the base 

of this formation the red chert occurs in nodules, but these are full of 

joints and internal flaws and tend to break up into small angular 

fragments unsuitable for knapping. The Naco Forma~ion lies on an old 

erosional surface at the top of the Redwall Limestone, and some of the 

depOSits at the base of the Naco Formation include material derived from 

the older Redwall Limestone. 

Bedwa1l Limestone. MissisSippian, 25 to 110 feet (8 to 34 m) 

thick. Finnell (1966) describes this formation as nLimestone, light 
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grey, dense to coarsely crystalline, thin to medium-th1ck bedded, lower 

few feet may be sandy, contains grey to white chert that weathers 

yellowish and tan, contains fossil spirifers, crinoid stems, and large 

horn coral. n The chert is extremely common, and this is the raw material 

of most of the flaked stone tools in the Grasshopper region. The chert 

outcrops will be described more fully below. The Redwall Limestone 

outcrops at the east edge of the Canyon Creek cut. 

After the Redwall Limestone, the land falls off rapidly into 

canyon drainages down steep slopes and clirfs. The material underlying 

the Redwall Limestone is a series of sandstone and quartzite formations 

of Cambrian to Precambrian age. A major fault divides the east wal~ of 

the canyon system from the valley and canyons to the west, where the 

older sedimentary formations and a major diabase formation predominate. 

The outcrop of Redwall Limestone and chert follows the eastern 

edge of the Canyon Creek drainage system. The sedimentary depOSits 

which include the Redwall Limestone dip slightly east. North of 

Grasshopper they are tilted more steeply than in the south, and 

consequently the exposed band of Redwall Limestone is narrower. South 

of Grasshopper, near Blue House Mountain, they are closer to horizontal, 

and the Redwall Limestone and its cherts are exposed over larger areas. 

South of Blue House Mountain both the Canyon Creek and the Salt River 

Draw cuts are deep enough to expose Redwall cherts. In this part of the 

Canyon Creek cut, the Redwall Limestone forms a bench above the final 

drop into the canyon, with a parapet of Naco material rising to the 

plateau behind it. 

Chert exposures were investigated from Dazen Canyon in the north 
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to a bit north of Rock House Butte in the south, a stretch of some 26 

kilometers (16 miles). They presumably continue beyond this in both 

directions, altho~gh north of Grasshopper the exposure is narrow and 

chert is scarce. 

The chert occurs at the boundary of the Redwall and Naco 

limestones, sometimes lying on a bench formed by the Redwall limestone, 

and often embedded in colluvial material derived from it. It is in the 

form of rounded nodules 10 to 30 em in diameter, with some irregularly 

shaped nodules even larger. There are always large quantities of 

weathered angular fragments. In places the chert forms a deflated 

pavement. The chert is seldom seen in situ in limestone bedrock, and 

chert nodules visible in exposed bedrock are even more consistently 

shattered than those on the surface, and useless as raw material, even 

if they could be extracted. Wes Pierce of the Arizona State Bureau of 

Mines suggested to me that the chert represents the reSistant element of 

the Redwall Limestone, freed by solution during an erosional episode 

prior to the deposition of the overlying Naco Formation. This material 

was incorporated into the less conSOlidated layers at the base of the 

Naco Formation, and subsequently released by the latest erosional 

episode. 

The erosion of the Redwall Limestone apparently was mostly by 

solution during a period when karstic topography prevailed (Brew 1970). 

The nodule surfaces are fresh, rough cortex, often with undamaged small 

fossils. Small fragments on the ground surface show wind polish and 

some crushing of edges, but not the rounding and smoothing of 

water-transported rocks. There is additional weathering evident in the 
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form of angular cracks and frost crazing in many nodules. This may be 

either ancient or recent. 

The Chert 

The chert exhibits at the same time great variety in anyone 

locus and general homogeneity over the whole 26 km length of 

investigated exposure. Different shades of grey are the most common 

colors. These range from almost white to quite dark, with some reddish, 

yellowish, and brownish pieces. Some nodules are mottled or banded with 

purple, orange, black, white, brown, or yellow; others are solid grey. 

In addition to the usual greys, there are occasional nodules of other 

colors, including a banded deep purple which is not uncommon, and rarer 

nodules of almost black or mostly reddish. Thin fresh flakes may be 

totally opaque to fairly translucent. There is a great deal of 

variation in color, pattern, translucency, and quality even within a 

single nodule. 

The cortex is generally rough, thin, and hard, usually whitish 

or grey with red or brown soil staining. Old flakes are patinated to a 

creamy white or yellowish, and some flakes will change color visibly 

within minutes after flaking. Red mineral stains are common on the 

older angular fragments. Small fossil inclusions are common in some 

nodules, while others are perfectly homogeneous to the eye. 

The knapping quality also varies from rather coarse with a 

sugary graininess to good with a smooth fractUre surface. Occasional 

nodules are truly excellent with a smooth "greasy" fracture surface 

which in most cherts can only be produced by heat-treatment. The bulk 

of the material is of good quality. 
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Most of the 

material on the surface is small angular fragments, both fresh and with 

weathered surfaces. Most of the nodules have fracture planes or 

internal craZing, and when struck, tend to shatter into angular 

fragments. A few are completely sound, and many can be worked to 

produce a number of usable flakes as well as a pile of angular debris. 

The natural condition of the raw material affects the manner in 

which it is worked, and the nature of the present surface debris. Many 

nodules contain good material, but are also badly flawed in places. 

Thus, the production of a few good flakes may also produce a large 

quantity of angular debris. Natural processes have also produced 

similar fragments, and although at first glance the surface of many 

outcrop areas seems covered with flakes, much of the surface chert is 

natural debris. 

The data in Table 5.1 are from a single plot 100 cm by 50 cm, 

selected at random from the surface of the chert outcrop area east and a 

bit south from the drainage leading down to Red RoCk House (AZ P:14:14). 

While it cannot be regarded as statistically representative, this sample 

gives some idea of the absolute quantities and proportions in a 

subjectively typical situation. 

About a third of the material collected was naturally fractured 

chert debris, showing only weathered surfaces and breaks along internal 

flaw lines. A bit more than that was pieces, mostly angular, that 

showed fresh fracture surfaces as well as separations along natural 

cracks and flaws, but lacked featUres usually associated with 

intentional flaking such as bulbs of percussion and ripples. My own 
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Table 5.1 

Material on outcrop surface. 

Maximum dimension 

25......Qm .!l::.5.Qm 3-4 em 2-3 em ~ S Total 

Unflaked 10 8 24 60 63 34% 
(natural debris) 

Probably Flaked 12 23 65 55 43 40% 
(f'resh fracture 
surfaces with-
out flake traits) 

Flakes 11 20 27 37 30 25% 
(bulbs, etc) 

Core Fragments 4 0 0 0 0 1% 
(negative bulbs) 

Flakes 11 20 27 37 30 100% 

Complete 1 5 9 14 8 30% 

Cortex 10 16 14 19 11 56J 

Platforms 

Missing 8 13 14 23 17 60% 

Cortical 0 1 4 4 11 10% 

Plain 2 5 9 6 8 24% 

Facetted 1 1 0 3 1 5% 

Bif'ace 0 0 0 0 1% 
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experiments with Redwall cherts produced large quantities of this sort 

of debris, and most of it is probably the result of knapping. A quarter 

of the material was identiriable as traditionally defined flakes and 

flake fragments. 

Only one flake had a bifacial, ground platform. All other 

platforms were unprepared, including the facetted category, which were 

platforms on the apparently fortuitous intersections of flake scars. 

Large bulbs and well-defined points of percussion are the rule, 

indicating direct hard hammer percussion. Most of the flakes were thick 

and irregular. Cortex was frequent, especially on the larger flakes. 

None of the pieces were as large as 10 cm in any dimension. Judging by 

variations in material and patination, pieces from at least several 

cores were represented in the small area collected. None of the flakes 

were conjoinable or could be reliably identified as coming from the same 

nodule, but given the variation in color, pattern, and quality even 

within individual nodules, this is not surprising. 

Exploitation 

Few cores, tools, or unfinished bifaces were observed in outcrop 

areas. Most of the flaked material is fresh angular debris and large 

misshapen or cortical flakes. In several instances a number of flakes 

removed from the same core were abandoned together. Cores that had the 

potential for producing good flakes seem to have been mostly removed. 

Cores are common in the excavations at Grasshopper and Chodistaas. They 

are mostly exhausted, but there are a few large cores and even some 

nodules of good material. 

On the surface of source areas there are few nodules, and 
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nodules of good material are especially rare. The only places I could 

collect good nodules for experimental purposes were disturbed areas, 

such as road cuts or trees uprooted by chaining. This may indicate 

rather intensive prehistoric collection of the source areas. The 

prehistoric knappers could have dug into colluvial deposits to obtain 

good material, but there is no evidence that they did so. Although the 

largest sound nodules I was able to obtain were less than 30 cm in 

diameter, some of the bifaces from Room 246, especially one which was 

30.2 em long, must have come from Significantly larger nodules. Again, 

this may indicate that the present surface chert has been picked over. 

The chert is plentirul and. widely distributed. Much of the area 

around the chert sources has been surveyed for sites. There is no 

evidence that habitation sites were located on the sources either to 

exploit or control them. Along the Canyon Creek rim where the chert is 

most plentiful, the nearest habitation sites are cliff dwellings in the 

canyon itself. Other habitation sites are set back on the plateau two 

to five kilometers to the east. The chert was readily accessible from 

all sites in the area, and proximity to arable land and water would have 

been the most important consideration in site location (Tuggle, Reid, 

and Cole 1981). A few sites such as AZ V:2:7, a U-shaped pueblo with 

about 50 rooms around a plaza, are indeed on or very near outcrops of 

Redwall cherts, but these are near the Salt Draw, with water and 

farmland which are lacking at the steep edge of Canyon Creek further 

west. 

From Grasshopper Pueblo, the closest outcrop of usable chert is 

about four kilometers away, west and south around present Three-Way 
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Tank. To reach a good outcrop it is necessary to go further south to 

the rim of the Oak Creek/Canyon Creek cut near Red Rock House (AZ 

P:14:14), a straight-line distance of about 6.5 kilometers (4 miles). 

The intervening terrain is not especially difficult, and even with a 

heavy resource like chert, it is not surprising that a great deal was 

brought back with little prior reduction. 

The entire stretch of chert along the Canyon Creek rim could be 

called a single site. Evidence of its use is essentially continuous, 

and specific loci would be hard to distinguish. There may have been 

ephemeral camps along the source areas, but much of the exploitation 

would probably have been in day-trips to the source, or in casual use 

during expeditions for other purposes, leaving no traces other than 

knapping debris. There are areas of high and low intenSity of use, or 

at least high and low density of flaking waste. These may relate more 

to local variations in the quality and productivity of the source than 

to anything else. There appears to be a higher ratio of flaked pieces 

to natural debris above Red Rock House and Canyon Creek Ruin than 

elsewhere along the Canyon Creek rim, which may reflect the proximity of 

these habitation sites. Some individual knapping stations can also be 

recognized, especially where several flakes from a single core are 

clustered. 

The chert resources are immense, of high quality, and widely 

distributed. With so much good material so easily obtained, it is not 

surprising that local chert predominates in the flaked stone industry at 

Grasshopper. Although precise data are not available for the site as a 

whole, the material that I have analysed provides a few examples which 



72 

are probably representative. Of the 93 pOints analysed from Room 28, 

two were obsidian and the rest were of local chert. The large amounts 

of debitage and tools from Room 246 included only a handful of obsidian 

flakes and a few pieces of basalt or diorite, chalcedony, and other 

non-chert materials. Of 211 points from burials with three or more 

points, 189 are of cherts which are visually within the range of Redwall 

cherts. other materials are represented by ten points of Qbsidian, 

seven points of an odd pink chert, two pOints of black shale, and one 

each of translucent chalcedony, bright red jasper, and quartz crystal. 

Of the materials which do not appear to come from the Redwall 

chert only the obsidian is definitely non-local. Likely sources for the 

obsidian are the sources near Superior, Arizona (Agenbroad 1982), or 

those in central New Mexico. The San Francisco Peaks obsidian sources 

(Schrieber and Breed 1971) are another possibility, but most of the 

Grasshopper obsidian is visually unlike the San Francisco Peaks 

obsidians. No trace element sourcing has yet been done. 

The sources of the other materials are unknown. The pink chert 

may actually be an unusual piece of Redwall chert, but is more likely 

from elsewhere. The black shale could be from one of the local 

sedimentary formations. The njaspern may be from an unusually good 

piece of the red cherts occurring in the Naco Formation. Igneous 

materials occur on the west side of the Canyon Creek drainage. There 

are also some extensive depOSits of quaternary gravels in canyon 

bottoms, and capping some of the higher areas north and east of 

Grasshopper, which contain a variety of transported materials, including 

some igneous cobbles and silicates. 
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Although there is no quantiried information, the dependence on 

the excellent local sources is probably of long tradition. Chodistaas, 

occupied in the century previous to the establishment of Grasshopper, 

appears to rely equally on the Redwall cherts, as do the earlier sites 

surveyed b.Y Sullivan (19BO). Material from AZ P:14:146, a pithouse 

period site excavated in 1978 was also local. Other than obSidian, 

which has special qualities, the inhabitants of the Grasshopper area 

probably made little effort to obtain foreign raw material or flaked 

stone products. 

The Flaked Stone Assemblage at Grasshopper 

The lithic assemblage from Grasshopper is large and varied, but 

as yet only small portions have been analysed. In the first few years 

of excavation, little screening was done, and most debitage was counted 

and discarded, but more recently the practices of screening and of 

keeping all recovered material have produced an extremely large and 

relatively complete assemblage. The care with which this material has 

been recov'ered and provenienced is unusual in large Southwestern 

pueblos, many of which were excavated at a time when statements like "a 

large number of waste flakes were observed" are likely to constitute the 

entire analysis of debitage, and out-of-focus photos of "representative" 

projectile points may be the best documentation of the rest of the 

lithic assemblage (see Cummings 1940). 

The lithic material from Grasshopper is potentially of great 

interest if it can be studied thoroughly and used in conjunction with 

similar studies of ceramic and other artil"acts. The associational and 

contextual information could be of even greater value than the 
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technological information. However, the sheer quantity of all kinds of 

artifacts, and the number of rooms and other contexts, make such an 

exhaustive study difficult to undertake. 

In this study I have mostly confined my interests to the small 

triangular projectile points and to a few problems and contexts 

connected with them. However, a profile of the major characteristics of 

the lithic assemblage at Grasshopper helps to illuminate these special 

concerns. 

The entire tool assemblage from Roam 246 was examined in the 

course of studying points. Room 246 and its contexts have been 

described earlier (Chapter 4). This room contained vast amounts of 

lithic debitage and many tools. Included were a large number of 

projectile points in all stages of manufacture, and a similar series of 

large bifaces and the debitage from their production. In addition, 

there were many tools of the sort more commonly found throughout the 

ruin. Table 5.2 shows the various relevant tool classes found in Room 

246. Table 5.3 gives comparable data for the upper levels of Roam 2~, 

which had a less varied assemblage of which fewer artifacts could be 

relocated. The assemblage from Roam 246 will serve as an example and a 

starting point for discussion, but cannot be considered entirely 

representative of the whole site. The room is very large and contains 

unusual amounts of lithic material, the point assemblage is unusual, and 

the bifaces are unique to this room. However, the tool types, other 

than the bifaces, are those which occur throughout the site. 

General LithiC Technology 

Some general comments about lithic technology at Grasshopper can 
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Table 5.2 

Major classes of lithic tools from Room 246. 

~ 
~ .1 .2. 3. .!l 5. .6. 1- .a .9. 

Cores 6 7 12 9 9 
Choppers 3 4 3 1 
Flake Knives 1 1 5 2 11 1 
Scrapers 7 8 8 1 1 
Misc. Flake Tools 1 2 
Drills 1 3 2 8 1 2 
Large Points 1 1 1 5 2 
Sm! Triang Pt Cmplx 5 12 41 47 16 8 
Small Bifacial Knives - 1 3 
Large Bifaces 1 1 2 15 30 14 7 3 
Hammerstones 1 1 6 10 10 11 16 20 
Antler Flaking Tools 2 16 2 2 4 
Shaft Straighteners 1 1 4 2 3 3 
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Table 5.3 

Major classes of lithic tools from the upper levels of Room 28. 

Numbers in () indicate additional items on field list, which were not 
located. These may give a better idea of actual room contents, but 
could not be Checked for conformity to typology used here. 
Miscellaneous flake tools in this table include untypable retouched 
pieces. 

.I&W.. 
~ .1 " 3. l!. 
Cores 1 
Choppers 
Flake Knives 1 1(2) 
Scrapers 0(1) 1( 3) 11 (2) 0(1) 
Misc. Flake Tools 0(1) 0(3) 3(17) 1( 4) 
Drills 3(1) 3( 4) 
Large Points 2 
Sml Triang Pt Cmplx 4(2) 11( 5) 93(92) 3( 13) 
Small Bifacial Knives 1 0(1) 8(2) 
Large Bifaces 
Hammerstones 0(1) 0(2) 2(9) 0(5) 
Antler Flaking Tools - 2(?) O(?) 
Shaft Straighteners 0(1) 
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be made. Hard hammer percussion is the most common technique in 

evidence. Most tools are made on simple hard hammer flakes, commonly 

showing typical large bulbs of percussion and well-defined points of 

impact. In Room 246 there are also tools made on recognizable large 

biface thinning flakes, with small bifacial platforms wh1ch are often 

ground, diffuse bulbs of percussion, platform lipping, and commonly a 

shape which expands from the platform to form a wide and relatively thin 

flake, often with multiple flat flake scars on the exterior surface. 

These are much rarer and smaller in other rooms, and even in Room 246, 

are not commonly used as tool blanks. Of 50 scrapers and knives (the 

most common flake tools) only six of the thinner knives were made on 

identifiable biface thinning flakes. Eleven scrapers and eleven knives 

had identifiable hard hammer platforms; on the other tools the 

platforms were missing. 

The platforms on hard hammer flakes are usually plain fresh 

flake surfaces, with only occasional trimming on the exterior surface of 

the flake. Cortical platforms are not uncommon, and facetting of 

platform surfaces is rare. The cores also indicate a concentration on 

simple percussion techniques. 

~ •. Table 5.4 lists the cores from Room 246. They are 

typical of the types found elsewhere in the site. The most common cores 

are those classed as amorphous. These have flakes removed expediently 

from several different platforms in a number of directions. There are 

also a few unidirectional cores with flakes conSistently removed from a 

single platform, and a few cores which are thick and bifacial, with 

flakes struck from platforms on both faces along 2 edges. The 



Table 5.4 

Cores in Room 246. 

Key: Size: S = small, M = medium, L = large 

SIZE 

Type: A = amorphous, U = unidirectional, B = biracial, 
N = nodule 

Condition: E = exhausted, D = developed, B = beginning, 
F = flawed 

Cortex: C = cortical >25%, R = remnants <25%, N = none 
Re-use: N = none, B = battering, 

C = chopper edge damage S = scraper retouch 

TYPE COND CORT RE-U 

1&W. 4: :a~lQH I:QQr tQ liI~QQn~ liItQI::l rlQQI:. g~Ql:1li1 + m1g!1~n 
S A E R B 
S A ElF N N 
S A E R N 
S A E N N 
M A E R N 
L B D N N 

L~:lI:~l Si S~QQn!1 liItQl::lI: tlQQI: an!1 ~~QQng §tQI::l rall + m1g!1~n 
S A E R N 
L A D R B 
L A D N B 

[~atYI:~ 6. blilii!.l:tb 
M A D R N 
L U B C N 

[~atYI:~ :za. ~Qt Qlg~t~1: 
M A D/F R C 
S U B R N 

L!i!:lI:~l 6i :a!i!lQH §!i!QQng §tQI::lI: tQ gl:Qund rlQQI:. I:!i!f:g§~ + m1gg~n 
M A D N N 
S A E N N 
M U B C N 
S U ElF N N 
M A ElF R N 
L B D R C 
L U D N C 
S A E N B 
S A E N B 
S A E C N 
S A E R S 
S A D R C 

78 
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Table 5.4, continued. 

SIZE TYPE COND CORT RE-U 

I. !:l:ll:!:l 1 7i I.a§t gl::21mg t:1221:: (t:1221:: II + midd!:lD 
L U D C N 
L U D R N 
S A ElF R N 
S A E R N 
S A E N B 
M A E R B 
L B B C N 
L U B C N 

E!:latYI::!:l 1] • J21:t~ 
L U B/F N N 

I.!:l:ll:!:l1 6-]i l\~lQ.H t:1221:: ] t2 t:1221:: 2 
S A E N N 
S U E N N 
L N B C N 
S U E R N 
L A D R N 

E1221:: 2 
S A B C N 
S A E R N 
L U B C N 

E!:la:tYI::~ 17. t::l.I::!:lJ2:i.:t :l.n t:1221:: 2 
S A E R N 
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unidirectional cores are often on halved nodules or very thick flakes. 

Continued working of many of the unidirectional and bifacial cores would 

require the use of additional platforms, and would lead to amorphous 

forms. 

None of 'the cores 'show evidence of an effort to produce 

consistent series of regular flakes. Hard hammer percussion was the 

major, if not the only, technique used. Platforms are rarely modified, 

either by facetting on the striking surface or even by trimming the 

overhangs left below platforms by prior removals. 

A number of cores were discarded while still usable, but about 

half are exhausted, with no further removals possible, either because of 

small size, lack of suitable platforms, or material flaws. Some cores 

were re-used before or after exhaustion. Four show probable use as 

choppers in the form of a suitable edge with crushing and small bifacial 

stepped use-flaking. One has a steeply retouched scraper edge. Many 

cores were re-used as hammer stones. Those recorded in Table 5.4 as 

"battered" have only slight battering; at a more advanced stage they 

were recorded as "pecking hammers n (Table 5.5). 

Hammerstones. 

typical of those 

Hammerstones were also common in Room 246, 

found throughout the site (Table 5.5). 

and 

The 

classification used here corresponds only roughly with the wide variety 

of terms used by others, and is based in large part on my own 

experimental observations. An implication of primary function is 

intentional, although it is recognized that most of these tools were, or 

could have been, multifunctional. 

possible uses for hammerstones, 

Woodbury (1954) 

but neglected the 

has summarized 

important and 



Table 5.5 

Hammerstones in Room 246. 

Key: Type: CH = cobble hammer, PH = pecking hammer, 
MH = mano hammer 

Size: VL = very large > 800 gm, L = large 300-800 gm, 
S = small 100-300 gm, VS = very small <100 gm 

Material: C = chert, Q = quartzite, G = granite or diorite, 
OC = other cryptocrystalline, L = limestone 

Wear: L = light, M = moderate, H = heavy, P = polish, 
GP = grinding on pecked surface, GO = grinding 
on other surfaoe, F = finger polish 

Form: CR = core, CB = cobble or pebble, - = indeterminate 

TYPE SIZE MATH WEAR FORM 

Level,; HumUS 
CH L Q L CB 

Level 2: Subsurface to roof 
~ " ~ ~P CB 

Level 3; 
CH 
~ 

PH 
~ 
CH 
~ 

Roof 
S 
S 
S 
S 
S 
VL 

Q 
Q 
OC 
Q 
Q 
G 

L 
L+P 
M 
L+P 
M+F 
L+GP 

CB 
CB 
CB 
CB 
CB 
CB 

l&Elr-.=i4u:_B::o:e .. l,¥OW.lL...orL:o~o~fL...-lt~o.t......lisi!.:iec.:.C<loOWD~d ....... su<t.¥0A..rYoL...f .... lolo.iQ~o"'-lr ..... ~d4lie<.!>bar ..... i ... s"--",+ ___ m .. i ... d,,.de ...... D 
CH S Q L CB 
~ L G M CB 
PH L Q L 
PH S C L 
CH S Q H 
PH L C M 
CH VL G M 
CH VS Q L+GP 
MH VL Q L+GO 
CH S Q M 

CB 
CR 
CB 
CB 
CB 
CB 

Level 5; Second story floor and sepond story fall + midden 
PH 
PH 
CH 
CH 
~ 

S 
L 
VL 
S 
S 

C L 
C M CR 
Q L CB 
Q H+F CB 
Q L CB 
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Table 5.5, continued. 

TYPE SIZE MATR WEAR FORM 

CH L Q H CB 
CH L Q M CB 
PH L C H 
CH S Q L CB 

E~atul::~ 7.. ];!Qt Qlu§t~1:: 
PH S OC H CR 

Le:!el 6: J;!elOH secQn,g ~tQI::I tQ gl::Qyng 
PH L OC H+GP CR 
CH S Q L+GP CB 
CH S Q L CB 
CH L G H+F CB 
CH S Q M+F CB 
CH S Q H+F CB 
PH L C M+GP CR 
CH S Q L CB 
PH S OC L CR 
PH L OC M 
CH S Q M CB 

~7.: I.a~t gl::Qum:! nQQI:: (t:lQQI:: 1 1 
CH L Q L CB 
PH S C L CR 
CH VL Q L+GO CB 
PH VL OC M CB 
CH S Q M CB 
PH S C M CR 
CH S Q H CB 
PH S OC L CR 
PH S OC L CR 
PH S OC L 
PH L C M 
CH S Q M CB 
CH L L M CB 
CH S Q L CB 
CH VL Q L CB 
CH VS Q L CB 

E~atYI::~ 1]. ];!1t§ 
CH S Q L+P CB 

~ 8-1; Belw t:lQQI:: 1 tQ f:lQOI:: 2 
L CB CH S Q 

PH S OC L+GP CR 
PH S C L 
CH S Q L CB 
PH L Q L+GP CB 
CH S Q M+F CB 
CH S Q M CB 
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Table 5.5, continued. 

TYPE SIZE MATR WEAR FORM 

I.~:!/:d B-2; E1QQI: 2 
CH S Q L CB 
PH S C M+GP CR 
PH S C M+GP CR 
CH S Q M CB 
PH S C H CR 
CH L Q M+GO CB 
CH S Q M CB 
CH S Q H+F CB 
MH L Q L+GO CB 

E~atYI:~ 22. Q:!/:en 
CH L Q L CB 

L!i!:!/:!i!l 6-!l; E12QI: 3 
PH L OC M CB 
PH L Q L CB 

I.!i!:!/:!i!l 9. st!i!~ll~ ~Q;U 
PH S C L CR 
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well-attested use of some for flaking. Detailed wear analyses of such 

tools have not been attempted to my knowledge, but in view of the large 

numbers and importance of hammering tools, would probably be quite 

informative. 

Pecking hammers tend to be battered allover as opposed to 

cobble hammers which usually have battering only on ends, even when 

heavily worn. In the most advanced stages of wear, pecking hammers 

become almost perfectly spherical. Many of the pecking hammers are 

re-used exhausted cores, and most of them are of cryptocrystalline 

materials such as chert rather than the tougher quartzite common with 

cobble hammers. The pecking hammers are interpreted as tools used 

primarily in the manufacture of ground stone implements such as manos 

and metates (Pond 1930; Shelley 1980). These grinding tools are common 

in rooms throughout the site, and there are a number from Room 246, 

although they have not been analysed. The cryptocrystalline materials 

of most pecking hammers develop incipient fracture cones when struck, 

producing a rough surface with myriad small sharp projections. This 

surface is effective in reducing a softer stone by pecking, but 

decreases the precision with which a blow can be struck in flaking, and 

increases the chances of crushing platforms rather than removing flakes. 

For these reasons, pecking hammers are not regarded here as part of the 

tool kit used in flaking stone. They have been included mainly to 

prevent confusion and beca~se many are derived from cores. 

The cobble hammers are mostly the sort of hammerstone one would 

expect to see in association with the industry evidenced by the flakes 

and cores common at Grasshopper. As the name implies, they are made on 
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cobbles, usually of quartzite or other tough, finely crystalline 

material. Wear is generally confined to ends or edges. The wear is 

mostly battering and crushing. It often forms facets, and striations a~ 

the edges of the facets are sometimes visible, probably resulting from 

contact with the edge of the core during the fo~low-through of a blow. 

Some of the more heavily used hammers have polished areas where the 

thumb and forefinger would have gripped them. All these wear patterns. 

can be readily duplicated on experimental hammerstones used for flaking. 

There are probably some other functions represented among the 

hammerstones, especially those classed as cobble hammers. Mano hammers 

are distinguished as a separate class, these being manos or mano 

fragments with extensive battering, probably a secondary use or re-use 

after breakage. Cobble hammers in the "very large" class are mostly too 

big for flaking purposes other than the removal of macroflakes from very 

large cores, and do not develop facetted wear. Hammering uses such as 

dressing wall stones are probably indicated. 

A number of the small cobble hammers are smooth river pebbles, 

and these have sometimes been classified as polishing stones used in 

finishing pottery. Pottery polishers frequently have wide wear facets 

which are covered with a deep glassy polish, sometimes with very fine 

striations (Kidder 1932:63; Woodbury 1954; Guthe 1925). These 

developed forms are rare at Grasshopper. Four small cobble hammers from 

Room 246 had localized areas of high gloss wear suggestive of polishing 

use. Some others had a duller polish overlying irregular surfaces, 

which is probably finger polish. The others appear only to have the 

smooth surfaces common on water-worn pebbles. A number of smooth 
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pebbles with no visible hammer or polish wear were not included in the 

analysis. 

Several hammers tones of both major types from Room 246 had areas 

smoothed by grinding, sometimes over battered surfaces. This suggests 

again that many of these tools were probably used for several purposes. 

Other flaking tools and techniques. In addition to the hard 

hammer percussion ubiquitous in the Grasshopper assemblage, soft hammer 

percussion and pressure flaking are evidenced both by the artifacts and 

waste produced and by the tools used. Bifaces and projectile points 

manufactured by these techniques will be mentioned below and discussed 

in detail later. 

Table 5.6 lists the antler flaking tools from Room 246. Antler 

hammers, or billets, are not uncommon at Grasshopper; S.L. Olsen (1979) 

records 43. These are short sections of antler beams with the base 

attached. Some were shed and others were less freely donated. Use in 

flaking produces wear facets and nicks and scratches on the heavy base. 

There are three from Roam 246. 

Pressure flakers are present in two basic forms, both 

identifiable b.Y beveling wear and scratches on the tips. Tine flakers 

are identified at sites throughout America. ·The tine is usually cut, 

sometimes broken, from the beam, and the tip requires little or no 

modification before use. The cut flakers are less commonly reported, 

but are known from other sites of the Mogollon region (S.L. Olsen 1980) 

and elsewhere (Kidder 1932). These are small flat strips cut from the 

beam of an antler. Wear on their rounded ends indicates use as pressure 

flakers. Similar tools of bone have also been recorded in the Mogollon 



Table 5.6 

Antler flaking tools in Room 246. 

Level 4: Below roof to second story floor. debris ± midden 
2 Cut flakers 

Level 5: Second story floor and second story fall ± midden 
10 Cut flakers 
1 Cut flaker blank?-grooved and split tine 
1 Tine flaker 
1 Tine flaker blank?-cut off but apparently unused 
2 Hammers, one in poor condition 
1 Hammer blank?-shed, cut, but apparently unused 

Level 6: Below second story to ground floor. ret'use ± midden 
2 Cut flakers 

Level 7: Last ground floor (Floor 1) ± midden 
Feature 11, pits 

3 Cut flakers 
1 Grooved antler, to make cut flakers? 

Level 8-1: Below Floor 1 to Floor 2 
1 Cut flaker 

Level 8-5: Floor 4 
1 Tine flaker, broken short 

1l2. provenience 
1 Hammer 
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region (Martin et ale 1952; Martin et ale 1964). The cut flakers 

outnumber the tine flakers at Grasshopper by 149 to 58 (S.L. Olsen 1979) 

in spite of the fact that they require much more work to make, and . have 

no obvious functional advantage. It is possible that they were favored 

because they could be easily lashed to a wooden handle to make a longer 

tool with a better grip and more leverage. Compound pressure flakers 

are well documented ethnographically in California (Pope 1974; 

Schumacher 1951; Goddard 1904), and Guernsey and Kidder (1921) report 

one from a Basketmaker context in northeastern Arizona. 

~ Treatment. The materials used at Grasshopper have been 

discussed earlier. In general, the quality of the local chert is so 

good that no heat treatment would be necessary. Even for the finest 

pressure flaking, it would be easier to select good material than to 

treat poor material. Numerous pieces of chert with potlids, blackening 

or reddening from fir-a, crenelated heat fractures (Purdy 1975), and the 

glossy fracture of some pieces, suggested the use of heat treatment to 

some. However, the glossy fracture surfaces ·occur on some untreated 

nodules of fine quality, although this might not have been recognized 

without my examination of sources and replicative work. The other fire 

marks occur randomly and usually resulted in damaged material or broken 

tools. While it cannot be ruled out, heat treatment of Grasshopper 

cherts is so unnecessary that it is unlikely to be found, and none of 

the thousands of flaked artiracts I examined showed evidence of other 

than accidental heating. 

Tools 

The Southwest has never had a single standardized lithic 
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typology. The several proposed for different sites or regions 

(e.g. Martin et ale 1964; Martin et ale 1967; Woodbury 1954; Kidder 

1932; Haury 1950; Wheat 19~5) vary greatly in detail, although many 

broad classes of tools are universally recognized and similarly defined. 

The description which follows relies heavily on the typology used by 

Longacre for the Broken K material (Martin et ale 1967), which in tUrn 

is mostly comparable to that of Rinaldo for Carter Ranch (Martin et 

ale 1964). Both these assemblages are themselves quite comparable to 

that from Grasshopper. 

Edge-damaged Flakes 

Probably the most common tools at Grasshopper, or most other 

sites, are simple flakes used without modification. In some cases these 

are recognizable by consistent pa~terns of use-wear. Without 

microscopic study, the visible use-wear is usually in the form of small 

flakes, dulling and crushing, and breakage of the edges. Some edge 

damage is produced accidentally by dropping, trampling, and similar 

processes, so it is not safe to assume that all edge-damaged flakes were 

used as tools. I have not attempted to compile detailed data on the use 

of unmodified flakes. To do so, microscopic stuoies of large numbers o~ 

tools are required. However, two of the following categories of tools 

are partly distinguished by use damage rather than retOUChed edges. 

These are choppers and flake knives. 

Choppers 

Longacre's definition (Martin et ale 1967:99) is typical of 

usage in the Southwest: "These are large, bifacially worked 
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chopping-cutting tools. In all cases the sharpened edges show battering 

and irregular chipping resulting from use." Longacre distinguished three 

types of chopper; those made on cobbles, those on cores, and those on 

large flakes. These fonms are present at Grasshopper, but seem to be 

less common than at Broken K. A number of very large flakes without 

retouch show a consistent pattern of crushing and dulling and small 

stepped flakes along one or more edges. A similar pattern occurs on the 

retouched choppers, so these "chopping flakes" have been described with 

the more complex but functionally related choppers. Most of the core 

choppers also are distinguished more by damage on an edge than by 

apparently intentional preparation of a bifacial edge. 

Table 5.7 lists the choppers from Room 246. Three retouched 

forms are distinguished; cobble 

choppers, and one unretouched fonm; 

Flake Knives 

choppers, core choppers, and flake 

chopping flakes. 

As encountered in Room 246, these tools differ somewhat from the 

definitions used by Rinaldo and Longacre. Rinaldo (Martin et 

ale 1964:88) implies that most of his speCimens were unretouched 

edge-damaged flakes. Longacre (Martin et ale 1967:85) defined them as 

flakes which have been retouched, usually bifacially, to produce an 

acute cutting edge, but without modifYing the shape of the flake. The 

consistent flake knife fonm from Room 246 was a relatively thin, medium 

sized flake, with one edge steeply retouched and often dulled as well to 

fonm a back, and the opposing sharp edge marred by small use flakes but 

unretouched. I would suggest that some tools which have been called 

flake knives at other sites are actually very early stages in the 



Table 5.7 

Choppers, flake knives, and scrapers in Roam 246. 

Level 2; Subsurface to roof. debris 
1 Backed knife 

Level 3; Boof 
1 Unbacked knife 

Level 4; Below roof to second story floor. debris + midden 
3 Chopping flakes 
4 Backed knives 
1 Backed knife with retouch 
4 Straight scrapers 
1 Convex scraper 
2 Complex scrapers 
1 Notch 

Level 5; Segond story floor and second story fall + midden 
1 Flake chopper (both retouched and unretouched edges used) 
3 Chopping flakes 
2 Backed knives 
4 Straight scrapers 
2 Denticulated scrapers 
2 Complex scrapers 

Level 6; Below second story to ground floor. refuse + midden 
2 Core choppers 
1 Cobble chopper 
5 Backed knives 
3 Backed knives with retouch 
2 Naturally backed knives 
1 Unbacked kDife 
1 Straight scraper 
1 Concave scraper 
3 Denticulated scrapers 
3 Complex scrapers 
1 Burin 
1 Graver 

Level 7; Last ground floor (Floor 1) 
2 Backed knives 
1 Unbacked knife 
1 Complex scraper 

Level 8; Unspecified early floors 
1 Chopping flake 
1 . Unbacked knife 
1 Straight scraper 
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manufacture of projectile points as described below. Without a clear 

manufacturing context like that in Room 246, this would be hard to 

demonstrate without use-wear stuaies. In Room 246 the flake knives were 

readily distinguished from projectile point blanks by the consistent 

pattern of retOUCh and use damage, and bf the knives' far greater size. 

The retouch and damage pattern also distinguishes flake knives from 

scrapers, which have more consistent and heavier steep retouch, Which is 

not opposed to a sharp edge. Scrapers are also generally thicker. 

In addition to the most common form described above, there were 

some variants. Table 5.7 lists the flake knives from Room 246 divided 

into the following categories: 

Backed Knife. One edge blunted by retouch, usually unifacial 

and frequently ground as well, opposed edge sharp, unretouched but use 

damaged. 

Backed and Retoucbed Knife. As above, but the sharp edge at 

least partially retouched. On all four specimens from Room 246 this 

retOUCh was flat and unifacial. 

Naturally Backed Knife. Two specimens from Room 246 were backed 

by cortex or a fractUre plane instead of steep retouch. 

Unbacked Knife. 

two edges, no backing, 

damage as others. 

Acute, unifacial or bifacial retouch on one or 

flake form unmodified, similar size and use 

Other categories could be added or these split, using different 

combinations of backing and cutting edges or distinctions between 

bifacial and unifacial retouch or backing fo~ instance. Although none 

were recovered from Room 246, there are several flake knives from 
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Grasshopper with acute bifacial retouch on the end of a short broad 

flake, with a notched stem at the other end for hafting. 

Flake knives like those from Roam 246 are common in the lithic 

collection fram Grasshopper. They seem unusually common in Room 246, 

but then, so are many other lithic items. No quantiried comparisons can 

be made with other rooms except Room 28 where flake knives are rare. 

This tool was surprisingly consistent and distinct in Room 246, and less 

casual than might be expected in such a simple form. When the lithic 

assemblage is analysed more completely, flake knives may show 

interesting patterns of associations and use in other contexts. 

Scrapers 

Scrapers, that is to say, steeply retouched flake tools which 

would have served well for scraping as well as other uses, are common 

throughout most of the. world's lithic assemblages. The placement of the 

retouch on the edges and the shape of the retouched edges are commonly 

used to subdivide scrapers into several types. The specimens from Room 

246 were in general made quite casually, with a minimum of work and 

modification. Table 5.7 lists scrapers from Room 246 under several 

categories defined by the shape of the retouched edge: straight, 

convex, concave, denticulated, and complex. This last has multiple 

edges or retOUCh other than for a scraper edge, and included three 

pieces with some bifacial work, probably to thin or straighten an edge. 

In addition there were also a core and a biface fragment with scraper 

edges worked on them. 

There are also a few scrapers from other contexts at Grasshopper 

that are worked all around the flake, similar to the "snub-nosed end 
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scrapers" of Kidder (1932). However, most of the Grasshopper scrapers 

are closer to the casual forms from Room 246. 

Other Flake Tools 

Table 5.7 lists three other flake tools which fall into commonly 

recognized classes, a notch, a graver (a small sharp unit'acial spur 

worked on the end of a long flake), and a burin (apparently intentional 

but without visible wear). 

elsewhere in the site. 

Drills 

These tool types appear in small numbers 

Drills are the only other tools which in some cases resemble 

projectile points and can be made from the same blanks. They differ 

however in their forms, and are 

rectangular or diamond shaped 

usually thicker, frequently with a 

cross-section. Grinding and.dulling 

use-wear is common on the edges and tip. 

Several forms may be distinguished. 

Flake base. A drill worked onto the end of a flake, the rest of 

the flake essentially unmodified. 

Straight base. The drill is straight or a narrow leaf-shaped 

form, with the basal edges unflared. 

Flared base. Usually a straight-edged drill which flares 

abruptly at the base. The base may be thinned for hafting, but is not 

always. 

The first of these forms could not be hafted, but some of the 

others were apparently made 

differences involved. Table 

for hafting, and there may be functional 

5.8 lists the drills from Room 246. 



Drills from Roam 246. 

Level 3; Roof 
Tip only, worn 

Table 5.8 

Level 4; Below roof to second story floor. debris + midden 
Flared base, base thinned, complete, unworn 
Straight base, base thinned, complete, worn 
Flared base, base unthinned, tip missing, worn 

Level 5; Second story floor and second story fall + midden 
Flared base, base unthinned, tip missing, no visible wear 
Flared base, base unthinned, complete, worn 
(Short straight triangular point reused as drill, tip worn) 

Level 6; Below second story to ground floor. refuse + midden 
Flared base, base thinned, complete, unworn 
Tip only, little wear 
Expanded base, unthinned, base only, no wear visible 
Flake base, tip missing, no wear visible 
Flake base, complete, worn 
Flake base, complete, little wear 
Flared base, complete, much worn 
Flared base, complete, much worn 
(Early type corner-notched point with tip reworked narrow 

and worn) 

Leyel 7; Last ground floor (Floor 1) 

Tip only, little wear 
(Short straight triangular side-notched point reused as 

drill, tip worn) 

Leyel 8-1; Below Floor 1 to Floor 2 
Straight base, complete, little wear 
Straight base, complete, little wear 
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Chert does not resist bending and twisting forces very well, and 

many of the drills show both wear and bending snap fractures, indicating 

breakage in use. Some of the others are so dull that their efficiency 

would be much reduced. 

There are also three projectile points which appear to have been 

re-used as drills, two typical of the room's points, and one of an 

earlier form. 

Large Bifaces 

As used here, the term "large biface" signifies flat bifacial 

tools larger than 10 em in length. Such tools are reported from many 

Southwestern sites, but are always quite rare and are not a oonsistent 

element of the assemblages. As far as I know, Grasshopper is unique in 

having a consistent large biface industry, but since this is confined to 

a single room, its significanoe is hard to evaluate. 

Room 246 oontains a unique collection of large bifaces and 

fragments at all stages of manufaoture, plus debitage. As has already 

been mentioned (Chapter 4), these are distributed throughout a large 

deposit of lithio and other debris which appears to represent a major 

dump area for the waste from a flaking work area. 

The bifaoes support this interpretation. There are 77 major 

pieces, of whioh 10 are unbroken bifaces. Most of the rest show obvious 

reasons for discard, usually a bending fracture. Other pieces were 

discarded after perverse fractures, outrepasses, or failure to remove 

major step terminations. The 77 pieces represent 60 individual bifaoes. 

All stages of manufacture are represented. There are only 3 

bifaoes whioh appear to be finished and have their edges shaped and 
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regularized, with jagged platform remnants all trimmed ofr. These also 

have bases which are narrowed and have shallow notches, presumably for 

hafting. 

TWenty-five bifaces are represented at a late stage in the 

manufacturing process. These are fairly thin and flat, with a regular 

form, but with jagged untrimmed edges and large areas of ground platform 

along edges. Another 19 pieces are at a middle stage, not yet very 

regular and with major thinning still in progress. Nine pieces have 

completely bifaced edges but are irregular and essentia1~y unth1nned, 

representing an early stage. A beginning stage is represented by four 

pieces on which bifacing has just begun, leaving some edges and surfaces 

untouched. There are also a few very large flakes and pieces of nodules 

from Room 246 which could have been intended as blanks for bifaces. The 

manufacturing sequence and breakage patterns are comparable to those of 

the small triangular points discussed in the next chapter. 

The bifaces were worked by soft hammer percussion, producing 

large, thin, flat expanding flakes, with lipped platforms very common in 

the debitage. The platform remnants on bifaces and flakes are often 

extensively ground. There was a tendency to overdo this on thin edges, 

and a number of bifaces had crescentic bites removed from their edges 

when excessively tough platforms were struck. There is almost no sign 

of pressure flaking among the bifaces. There is one extremely narrow 

biface which has part of one edge on one face f1nished with large but 

narrow and regular scars which could only have been produced by pressure 

flaking. The other pieces, including the finished bifaces, seem to have 

been worked by percussion alone. 
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As most of the bifaces are unfinished, the desired final form is 

uncertain. The three apparently fini~hed specimens are of middle size 

for the assemblage, and thicker and more lenticular in cross section 

than some unfinished examples. Two are tapered lanceolates with maximum 

width close to one end, and bipointed. The basal ends have two shal~ow 

notches on each edge, apparently for hafting. The third finished biface 

is shorter and broad, with a rounded tip and a distinct stem. Several 

of the unfinished bifaces suggest that another form was attempted; a 

long, thin, flat biface with one edge straight and the other slightly 

convex. These tend to be over 150 mm long, 50 mm wide, and 10 to 15 mm 

thick, slightly longer and thinner than the two finished lanceolates. 

However, the longest biface was 302 mm long before it broke into three 

pieces as it neared completion. 

I feel that the bifaces are probably all the work of one 

knapper, although I am unable to test this proposition. The material 

and treatment of the pieces is quite uniform. The flaking and platform 

preparation is consistent. Although the flakes are not uniform or 

patterned, control of thinning and terminations was fairly good, in 

spite of the biased view presented by discarded failures. There are a 

few pieces that demonstrate considerable skill. There are also some 

that have mistakes which could have been avoided such as excessively 

strengthened platforms leading to edge bites or bending fractures, and 

repeated step terminations forming unremovable plateaus. The forms are 

not very consistent, nor is the progression of the piece through 

different stages of manufacture. Large fragments which could have been 

reworked were discarded, and several pieces which were too narrow or too 
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flawed to be made into either the lanceolate or crescentic finished 

forms show some work after one would expect them to have been abandoned. 

These last features lead me to make the purely subjective evaluation 

that the bifaces from Room 246 seem to be the work of' a knapper who was 

fairly skillful and adept at the techniques of soft hammer f~aking, but 

was experimenting with an unusual large form rather than turning out an 

accustomed product. 

In support of the experimental nature of this industry is the 

fact that similar large bifaces have not been found in any quantity 

elsewhere in the pueblo. There is one wide flat ovate biface of very 

high quality from Room 269. It is similar in workmansh1p to those in 

Room 246, but better. It is heavily patinated on one surface and 

lightly patinated on the other, suggesting that it is older than the 

unpatinated bifaces in Room 246. Since Room 269 is part of the same 

construction and habitation unit as Room 246, it is tempting to 

speculate that this biface was the model for the whole assemblage, but 

this is, of course, untestable. 

Other pieces which could be related to Room 246 are a stemmed 

ovate from Room 70 that resembles the one described above, a stemmed 

crescentic form from Room 41 which is of somewhat different chert and 

has much pressure finish, and three fragments of middle stage bifaces. 

One of these is from Room 270 and two from fill in the Great Kiva. The 

fragment from Room 270 probably does belong with the debris in Room 246 

next door, while the relationships of the two from the Great Kiva are 

questionable. 

Three other large bifaces are obviously not related to Room 246. 
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One is a stemmed lanceolate 226 mm long made of slate with only the 

edges flaked to shape. It came from Burial 129. The other two are of 

an opaque black chert, one from Room 13, and the other from Room 183. 

The first is a short fragment, the other a fragment 163 mm long. Both 

these fragments are of similar width and thickness, 50 to 70 mm by 10 to 

15 mm, and both have lenticular cross sections, but they are from 

different bifaces. They have very regular percussion flake scars 

meeting at the center and pressure trimming along the edges. Both 

appear to have been intentionally destroyed. After breaking, the short 

piece was set on end and struck bipolarly, producing bulbs, flaking, and 

crushing at both ends. The longer specimen has a bending fracture which 

was used as a platform to strike a burin flake that removed most of one 

edge and was recovered with the larger fragment. This blow could also 

have been bipolar, as the opposed tip is smashed and crushed. There is 

no sign of further use on the pieces, and they do not occur in 

ceremonial contexts, so the reasons for the peculiar breakage patterns 

are a mystery. 

The scarCity of. large bifaces from other contexts at Grasshopper 

could indicate that those in Room 246 were intended for export. A 

search of the Arizona State Museum collections from sites in the 

surrounding regions failed to find any evidence. There is a large 

biface from a burial (14-7) at Spotted Mountain Pueblo (AZ V:2:3), a 

smaller contemporary neighbor of Grasshopper. However, the biface is 

thick with a shoulder and expanding stem, and does not really resemble 

the pieces from Room 246. A burial looted from the Q-Ranch Site (AZ 

P:13:13) has ten pOints of Redwall chert and a large biface (A-12253) 
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but this is of a dark brown chert and of very fine workmansh1p 

surpassing that of the Grasshopper bifaces and completely different. 

The presence of these two bifaces in burials near Grasshopper, and the 

slate biface in Burial 129 at Grasshopper suggests the possibility of 

bifaces as trade goods, ritual paraphenalia, or elite burial goods. It 

may be merely due to sampling error that bifaces from Room 2~6 have not 

been found in burials at Grasshopper, but when so many burials have been 

excavated, this is unlikely. 

While large bifaces are reported from a number of Southwestern 

pueblos, no one has tried to compare them, and if there are established 

traditions and production centers, they can not yet be identiried. Room 

2~6 to my knowledge contains the only large assemblage of such tools, 

and the only ones accompanied by good evidence for their manufacture. 

Small Bifacial Knives 

Small bifaces, usually asymme~rical as opposed to the 

symmetrical large projectile points, are not always distinguishable in 

function or form from the large points in la~e sites. They probably 

served some cutting functions, and are commonly referred to as knives. 

At Grasshopper, forms with notches for hafting are rare. A 

common form is a small ovate or leaf-shaped tool, usually less than 

about 8 em long. These are also common at sites of the preceeding 

period such as Chodistaas (McSwain 1980). These tools are generally 

flaked b,y soft hammer percussion, with varying amounts of pressure 

finish. Room 28 contained a fair number of small bifacial knives, which 

were unusually irregular and crudely worked. Room 2~ had few of these 

tools, in spite of the emphasis in that room on larger bifaces. The 
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four specimens from Room 246 are described in Table 5.9. 

Large Projectile Points 

At most late Southwestern sites, the common projectile point is 

small and light, but a number of larger forms are also found. Some were 

perhaps made and used alongside the more common small triangular points, 

but most are recognizable older types, either representing an earlier 

occupation of the site or antiques collected elsewhere by the site's 

later inhabitants (e.g. Martin et al. 1964; Martin et al. 1967). A 

considerable number of these have been found at Grasshopper. 

Table 5.9 lists those from Room 246. In some cases a later 

reworking has removed an older patinated surface, and these points may 

have been used as knives, or in one case, as a drill. Others may have 

been collected as curiosities, or for use in ritual, a phenomenon noted 

in the recent Southwest (Bourke 1890; Gunnerson 1959). In Room 246 

this would be consistent with the presence of other small objects of 

presumed ritual use such as quartz crystals and small stone animal 

figures. These large old points also appear in a number of female 

burials. 

.:om.s.maJ.l. Triangular ..f.21nt. Complex 

On most Southwestern sites from late prehistory to the 

abandonment of stone tools, the typical projectile point is a small, 

light, basically triangular arrowhead. There is a wide range of 

variation in such things as size, shape, presence or absence of 

side-notches, form of the base, and quality of work, to name a few. 

Much of this variation must have temporal and geographical signiricance, 



Table 5.9 

Large points and small bifacial knives from Room 246. 

Level 3: Roof 
Large narrow serrated corner-notched point, base and tip 
fire-broken and potlidded, local grey chert, thick patina 

Thin regular ovate knife base, perverse fracture, heat 
potlids, pink non-local chert 

Level 4: Below roof to second story floor. debris + midden 
Medium straight edged serrated point, small midsection, impact 

fluted, local grey chert 

Leyel 5: Second story floor and second story fall + midden 
Large corner-notched pOint, complete, local grey chert, 

light patina 

Leyel 6: Below second story to ground floor. refuse + midden 
Large wide thin corner-notched point, black basalt, patinated, 

edges reflaked and unpatinated, pick-damaged 
Small corner-notched point, edges damaged, local grey chert 
Short broad corner-notched point, impact fluted, non-local 

grey chert, patina ted 
Small thick corner-notched pOint, crudely reworked to thick 

narrow drill tip, local grey chert 
Large narrow serrated side o~ corner-notched point, base 

broken off, fine quartzite 
Thick knife midsection, heavy pressure flaking, thoroughly 

bifaced, snap breaks, local grey chert 
Irregular thick ovate knife, flawed and unfinished?, local 

grey chert 
Irregular thick knife midsection, partly pressure flaked, 

unfinished?, local grey chert 

Level B-1; Below Floor 1 to Floor 2 
Medium sized lanceolate with slight shoulder, thick, small 

impact flute, mottled non-local chert, patinated 
Small corner-notched point, small impact flute, local 

grey chert 
Large wide corner-notched pOint, tip broken off, local 

grey chert, lightly patinated 
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but there has been little effort so far to unders~and and synthesize it. 

There is also a great range of variation within some Sites, as 

can be seen at Grasshopper. In following chapters, an attempt will be 

made to sort out some of the variation at Grasshopper. It will be shown 

that while there may be temporal variation which I have not dealt with, 

a great deal of variation must be considered stylistic differences 

between the work of contemporary individuals. The variety of forms from 

a single burial, Burial 140, are a good display of this fact (see 

Figures 8.5 to 8.15). 

At Grasshopper, I refer to all of the many variations on the 

small light triangular pressure flaked arrowhead as the small triangular 

point complex. The concept implies that these forms are all related, as 

the technology and common contexts suggest. I will also use the term 

loosely to refer to similar late puebloan pOints throughout the 

Southwest, although as stated earlier, the connections between forms and 

the meaning of their variation is mostly unstudied. It would probably 

be Possible to organize the small ~riangular point complex throughout 

the Southwest in temporal, spatial, and pseudo-geneological systems such 

as that of Kehoe (1966) and Baumhoff and Byrne (1958) for similar points 

on the Plains and in California. Holmer and Weder (1980) have made some 

progress along these lines in the Fremont area, and Jelinek (1967) has 

examined pOints in the Pecos Valley. 

At Grasshopper the concept of a small triangular point complex 

has advantages as a general term. Not only does it cover a wide range 

of variation in the contemporary pOints at a single Site, but it aids in 

the discussion of the many unfinished points which clearly belong to the 
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small triangular point complex, but have not been ref1ned sufficiently 

to allow a more detailed classification. 

Function 

Functionally the small triangular point complex should also form 

a limited class: arrowheads. This function is well attested for 

similar artifacts in recent cultures (Fowler and Matley 1979), in hafted 

specimens from archaeological sites (Cosgrove 19~7; Gifford 19~0), and 

in the position of points in bones and bodies (Kidder 1932). Among the 

specimens from Grasshopper itself, impact breaks also attest use as 

projectiles. Some other functions cannot be entirely ruled out. A few 

specimens show secondary use as drills, but most are too wide and thin 

to be effective drills without reworking the tip. Small triangular 

points could also be used as small knives, but most of them are too 

short, or too dull, or too thin and fragile to be really serviceable as 

butchering or carving tools. Without microscopic stuay of use-wear, 

some such use cannot be completely eliminated, but it seems safe to 

assume for most purposes that the small triangular point complex forms a 

single functionally similar group of tools, at least within the latitude 

allowed by the general term "arrowhead." 

Mogollon sites like Grasshopper tend to have more projectile 

points than are usual in other areas of the Southwest. At Grasshopper, 

projectile points are ubiquitous in all contexts. I ended up examining 

close to 600 pOints, which as a very rough estimate is a bit more than 

half of those found to date. These came mostly from several 

concentrations of interest, but also from miscellaneous room, trash, 

plaza, and surface contexts (see Table 6.1). 
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The importance of hunting is also tes~iI'ied by the profusion of 

faunal refuse, especially deer, rabbit, and turkey (J. Olsen 1980). The 

bow and arrow probably reached this part of the Southwest as much as 

1000 years earlier, eventually replacing the atlatl (Martin et 

ale 1952). The bow and arrow was probably the primary means of taking 

game at Grasshopper. Traps, snares, and drives were probably used as 

well, but we do not have the evidence to assess their impor~ance. 

Throughout Southwestern prehistory, the simple self bow 

predominates. The almost universal arrow was a compound arrow with a 

reed or cane shaft and a ha~d-wood fore shaft which carried the stone 

pOint, if any. 

(e.g. Hough 1914; 

Arrows from numerous dry contexts attest this form 

Cosgrove 1947; Gifford 1980). 

In noting the number of arrowheads, it is well to remember that 

these probably under-represent the number of arrows by a very large 

percent. Many, perhaps most, arrows would not have had a s~one point at 

all. Gifford's material from the Point of Pines region illustrates 

this. or 177 fragmentary and complete arrow foreshafts, only 11 had 

been modified to receive a stone point. Unfortunately the numbers of 

distal ends that were not so modified is not given, but the trend is 

clear (Gifford 1980:94). 

Given the large numbers of projectile points recovered at 

Grasshopper, it is obvious that the oommunity was well equipped for war. 

The efficacy of the small triangular point as a weapon is attested at 

numerous sites by human bones with embedded points (e.g. Kidder 1932). 

This evidence of the warlike use of the bow and arrow is strikingly 

laoking at Grasshopper. Of over 600 burials recovered, none has a point 



107 

embedded in bone, although a number of the single points with burials 

could have been in flesh, and one point was reported to have been 

between the vertebrae of a skeleton, but could not be confirmed as -a 

wound. Madeleine Hinkes informs me that some violent death is seen in 

the burial population in the form of scalping cuts on several skulls, 

one of which has a depressed fracture. Compared to some prehistoric 

populations such as the Archaic occupants of Indian Knoll, Kentucky 

(Webb 1946) where fatal points and dismembered corpses are common in 

burials, the inhabitan~s of Grasshopper seem to have been practically 

utopian. 

Projectile pOints may have had some signiricance in r1tual or in 

symbolic representation of social roles. Their occurrence in burials 

and Possible interpretations will be discussed later. Table 5.10 lists 

the occurrence of small triangular points in Room 246. This particular 

assemblage will be considered in more detail in the next chapter when 

point technology is described. 



Table 5.10 

The Small Triangular Point Complex in Room 246. 

For disoussion of stages see Chapter 6. 

~.3l.. .BQ.Qt 
1. Blank 1 
2. Preform 1 
3. Unfinished 1 
4. Finished 2 

l&n.l. lU. ~ .r.QQ! .t.2 second .§.t2r.I. floor. debris ± midden 
1. Blank 0 
2. Preform 2 
3. Unfinished 3 
4. Finished 7 

l&ill..5...t Second §..t.Q,cr. ~.aru! second ~.::au ± midden 
1. Blank 8 
2. Preform 15 
3. Unfinished 9 
4. Finished 9 

~ .6.;,. ~ second .§.t2r.I. .t.2 ground floor. refuse ± midden 
1. Blank 11 
2. Preform 13 
3. Unfinished 12 
4. Finished 11 

~ 1.t .LM.t. ground .f.J..2.m:. (Floor .1l. 
1. Blank 4 
2. Preform 2 
3. Unfinished 2 
4. Finished 8 

Leyel .8..:. ~pecified ~ floors 
1. Blank 3 
2. Preform 0 
3. Unfinished 2 
4. Finished 3 

Burial .fil.l1l 
1. Blank 0 
2. Preform 0 
3. Unfinished 2 
4. Finished 1 
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CHAPTER 6 

SMALL POINT TECHNOLOGY AT GRASSHOPPER 

The stone tool assemblage at Grasshopper is large and diverse, 

and it is not yet possible to stuay the whole assemblage in conjunction 

with other artifacts and their contexts. The detailed study of basic 

industries which I advocate as an approach to problems of econom1cs and 

social development in the Southwest can only be applied to subsets of 

the Grasshopper lithic assemblage. 

The small triangular point complex was chosen fer several 

reasons. These points form a well def1ned subas sembl age , 

morphologically distinct and functionally specialized. If specialized 

manufacture and craftsmen are to be found in lith1c industries, they are 

more likely to be observable in specific, specialized tools than in the 

nondescript bulk of the assemblage. There are two bodies of material 

which I have already argued as coming from workshop dumps, and the 

manufacturing sequences and techniques are reconstructable. The points 

are also complex and varied enough that they can be used in the studies 

of individual variation described in the next two chapters. 

Some morphological and functional aspects of the small 

triangular point complex have been discussed in the preceding chapter. 

This chapter will return to the evidence from Rooms 246 and 28 to 

examine the technological base of small point manufacture at 

Grasshopper. 

109 
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Small Triangular Point Complex Teqhnology 

Small pressure flaked tools, especially projectile pOints, are 

an important part of prehistoric assemblages in the Southwest and 

elsewhere, but the details of their manufacture have been largely 

neglected. There have been some discussions of pressure flaking by 

experimental knappers (e.g. Crabtree 1973; Ellis 1965; Patterson 

1981), but this is rarely applied to a detailed analysis of a specific 

point assemblage. The most thoroughly studied pOints are the 

Paleo-Indian fluted pOints, and here the discussion focuses on the 

technicalities of flutir~ (Crabtree 1966; Flenniken 1978; Sollberger 

1977b), or on the earlier stages where percussion techniques are more 

important (Callahan 1979). The technology of archaeological assemblages 

of larger points and percussion bifaces has received some conSideration, 

and processes of manufacture have been traced from the earliest steps to 

the finished tool. Very little comparable work has been done with small 

pressure flaked tools, such as the common late projectile points of the 

Southwest. The Grasshopper material oft'ers an unusually good 

opportunity to examine in detail the process and context of the 

manufacture of small points. 

One reason small point manufacture is often neglected is that 

the evidence is harder to find than that from the manufacture of larger 

tools. The debitage from pressure flaking is miniscule and seldom 

recovered (Whittaker 19H1), unfinished points are not always recognized 

as such while fragments are also small and sometimes missed, and large 

numbers of points and unfinished points are not present at many sites. 

At Grasshopper Rooms 28 and 246 provide good samples of pOints at all 
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stages of the manufacturing process. The information from these rooms, 

plus that from points in burials and elsewhere in the site, allows some 

general statements about p~ojectile point technology to be made. 

Table 6.1 provides a summary of the projectile point samples 

which are analysed in this and later chapters. The Small Triangular 

Point Complex (STPC) has been defined earlier, and these points will be 

our main concern. The concept is especially useful at Grasshopper as it 

not only embraces the whole range of variations on a basic small 

triangular point form, but includes unfinished specimens clearly 

intended to become small arrowheads, but at a stage where more preCise 

descriptions are impossible. 

Although finished pOints give good indications of the techniques 

used in their manufacture, the two rooms with point manufacturing 

debris, 28 and 246, allow us to examine the full manufacturing sequence 

and extend suggestions concerning manufacturing techniques and 
, 

sequences, common problems and failures, and intra-site variation and 

consistency. 

Manufacturing Sequence 

Since at least 1890 when Holmes recognized some crUde bifaces as 

early stages in the manufacture of more refined tools, manufacturing 

sequences have been described in terms of stages (e.g. Collins 1975; 

Patterson 1977; Callahan 1979). There has been argument as to whether 

sequential stages really exist in the manufacturing process or the mind 

of the stone worker, or are merely figments of archaeological 

classification (Magne and Pokotylo 19H1; Patten et ale 1978; Flenniken 

et ale 1979). The manufacturing process can be seen as a continuum, 



Table 6.1 

Summary of projectile point samples. 

STPC (unfinished) 

Rm 28 
L 3 

RID 246 
L 5-6 

Rm 246 
other 

Burial 

93 

88 

44 

sets 95 

Burial 
140 128 

other 
Burials 40 

Misc. 
contexts 93 

Broken; mise 
contexts 28 

Experimental; 

(70) 

(68) 

( 23) 

5 knappers 50 (21) 
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with changes produced by the accumulating efrects of small removals, but 

there are also pOints at which the tool used, the force applied, the 

mean size of flake removed, or the goal of the removal changes. Without 

attempting to resolve this question, I will take the position that 

sometimes major changes in technique or apparent goals can be recognized 

and used to characterize stages, which while they usually overlap, and 

mayor may not have existed in the knapper's mind, can be consistently 

defined so as to be of use in analysing and comparing archaeological 

materials. 

The small triangular point complex at Grasshopper is made almost 

exclusively by pressure flaking on thin, flat flakes. It has been 

stated (Griffin 1967) that blades were used, but this does not seem to 

be correct. Flakes selected for point production were generally long in 

relation to Width, but there are no signs of a blade industry in the 

cores, tools, or debitage at Grasshopper. This is consistent with the 

rest of the Southwest throughout the pueblo period. As described 

earlier, flake production at Grasshopper was relatively unsophisticated, 

using direct percussion on minimally prepared, usually amorphous cores. 

This is not the best way to produce thin, flat, straight flakes. In 

Room 246 where there are many large biface thinning flakes, these do not 

seem to have been much used as poin~ blanks, although it is difficult to 

identify the original form of a blank after it has been worked to any 

extent. Many of the biface thinning flakes are also too curved to be 

good point blanks. 

In describing stages in the manufacture of points, one can 

validly consider the production of a suitable flake blank as the first. 
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However, since an unretouched flake can not be reliably identified from 

among other debitage as specifically intended for a point, the stages 

used in this analysis begin when the f~ake is modified. 

Stage 1; Blank. The first stage, or blank, is also somewhat 

difficult to identiry. Any small thin flake with flat retouch, 

especially bifacial, rather than the steep retouch common on scraper 

tools, was considered to be an unfinished point unless it showed 

definite signs of use as another tool. Some of these pieces could 

indeed have been tools, but most are rather small, and they do form a 

continuum with the more easily recognized later stages. 

The first step in making a small point was to retOUCh the edge 

of a suitable flake, removing thin and right angle edges, and beginning 

bifacial work on the edges and thinning of the faces. For analysiS, 

stage 1 

i'laked. 

was defined as having less than 75% of the edges and surfaces 

At this beginnirlg stage, shaping of the point was already 

beginning before the edge was completely worked. 

Figure 6.1 shows some typical examples from Room 28. FN 124 and 

FN 157 were discarded when only a little work on the edges had been 

done, apparently after the thin flakes broke under pressure. FN 59 and 

A-29,439 were discarded after some thinning had been done, but were 

considered at stage 1 because edges and surfaces were so incompletely 

worked. Both had thick areas that were proving di.fficult to thin, with 

numerous step terminations on FN 59. 

Stage 2; Preform. After the edges were prepared in stage 1 the 

emphaSis shifted to thinning. and shaping in stage 2. Edging was 

completed, and flaking extended over the faces of the point. Once 
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o 2cm. 

Figure 6.1 Specimens from Room 28 illustrating manufacturing sequence, 
early stages. 

Stage 1: FN 124; FN 157; 
FN 59; A-29439. 

Stage 2: A-29442; FN 298; noFN 1; 
FN 237; A-29,454; FN 165. 
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necessary thinning had been done, the width of the point was reduced as 

desired, from a generally foliate form with convex edges to a triangular 

form usually with straight to concave edges. Work usually progressed 

from the tip down, forming the tip first, and leaving the base for last. 

This tendency is visible in some of the illustrated specimens, 

especially A-29,454 and FN 185 (Figure 6.2). 

Some examples of stage 2 from Room 28 are shown in Figure 6.1. 

A-29,442 is thick and flawed, and several of the large deep flakes 

removed in attempts to thin it terminated in s~eps. The removal of the 

corner by an overshot flake from the opposite edge was probably the last 

straw. Both FN 29B and FN 237 needed more shaping than thinning, and 

were probably discarded after snapping under pressure. There is no 

apparent reason for the discard of A-29,454. One face has its final 

flake series, the other would probably receive one more, and while the 

tip is essentially finished, the base needs to be straightened, but the 

point is thin and sufficiently regular. FN 165 and noFN 1 represent the 

thinned and narrowed but irregular tips characteristic of th1S stage. 

FN 165 was severed by a plunging or "perverse" fracture, and noFN 1 by 

an oblique snap. 

Stage 3; Unfinished Point. After the basic form is attained, 

the point can be considered usable, but there are a number of possible 

finishing touches. The base was usually the last part shaped, and 

usually after shaping was thinned with a series of flakes running up the 

long axis •. This also contributed to the tendency for points to have 

slightly concave bases. Notches, if any, were added at this stage, and 

there are a number of pOints, otherwise finished, that broke through the 
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c 

o 2cm. 

Figure 6.2 Specimens from Room 28 illustrating manufacturing sequence, 
later stages. 

Stage 3: FN 185; FN 167; FN 161; 
FN 59; A-29,447. 
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first or second notch. The points' edges were often trimmed, with tiny 

flakes removed from one or both faces to straighten the jagged edge and 

remove remnants of platforms left between flake scars. This was 

sometimes entirely neglected or only partly done, and is sometimes 

indistinguishable from the edge trimming done to prepare platforms for 

further flaking. 

Figure 6.2 shows typical stage 3 points from Room 28. FN 185 is 

essentially finished, regular but untrimmed, and broke through the first 

notch. FN 167 is a tip at about the same stage of completion which was 

severed by a perverse fracture, apparently caused by a flaw in the 

material. FN 161 is a snapped tip, narrow, and trimmed on one face. FN 

59 is thick but was close to completion, with the base shaped and 

thinned and some trimming on the edges, when it suffered a bending 

fracture. 

stage 4; Finished Point. Given the inconsistency with which 

pOints were finished, there is a degree of subjectivity in classifying 

some specimens as finished points. Many were probably broken as the 

finishing touches were applied, but in all visible aspects must be 

considered finished. Trimming and basal thinning are inconsistent, even 

for finished pOints from burials. The presence of finished points both 

with and without notches throughout the site provokes a difficult 

question regarding the status of unnotched pOints from manufacturing 

contexts. Some of these were probably intended to be notched. In Room 

28, three points which broke through a first or second notch were 

already finished in terms of form, thinning of base, and trimming of 

edges before notching began. On the other hand, some of the notched 



pOints still have untrimmed edges. 
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In shape and size notched and 

un-notched pOints from Room 28 are the same. In light of the occurrence 

of notched and un-notched forms in the same rooms and even the same 

burials, it was assumed that un-notched points of finished form, with 

basal thinning and trimmed edges, were as fully finished as their 

notched companions in Rooms 28 and 246. More will be said later about 

typological variations such as the presence or absence of notches. 

The finished points from Room 28 and pOints from Roem 246 are 

shown later when individual variation in these rooms is discussed 

(Figures 8.1, 8.2). While both rooms have similar points, those from 

Room 28 are quite consistent in form and treatment, while Room 246 

contains a variety of point forms. 

In quality, the points from Rooms 28 and 246 are sor~ of average 

for the site. The flaking is not very regular, the flakes are generally 

short, and the cross-section is usually biconvex. In some of the better 

worked points from other contexts, the flaking is partly parallel and 

the cross-sections are much f!atter. Some of these required at leas~ 

two careful series of flake removals over parts of the point, one to 

prepare a suitable surface and cross-section, and a final regular 

series. On the most carefully flaked points (e.g. Burial 76, Figure 

7.1), the final series of flakes obliterated almost all of the earlier 

scars. On many pOints, the selection of extremely thin flakes as blanks 

meant that little thinning was needed, and large areas of the original 

flake's surfaces remain on one or both faces of some points. Even some 

of these are very carefully flaked (e.g. Burial 641, Figure 7.9); 

others are merely trimmed into shape (e.g. Burial 477, Figure 7.7). 
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General Tendencies. 

Having described the basic sequence in small triangular point 

production and the stages used in analysis, some further general 

statements can be made about the products and problems of pOint 

manufacture. 

Rooms 28 and 246 have been used together to describe the 

manufacturing sequence, with specimens from Room 28 as illustrations. 

There are differences between the points in the rooms, but in general 

the manufacturing procedures evidenced in both are remarkably consistent 

and the pOints produced are similar in form and dimensions (Table 6.2). 

Tables 6.2 to 6.6 compare points from Level 3 in Room 28, Levels 5 and 6 

within Room 246, and all of Room 246. Points from other levels of Room 

28 were not analysed. All of the points from Room 246 were analysed, 

but Levels 5 and 6 are considered to be the main concentration of lithic 

refuse, and presented separately 

mixing and provenience errors. There 

to lessen potential problems with 

are broad similarities in the 

proportions of pOints at different stages, the parts and extant portions 

of point found, and the kinds of breakage. The similarities are 

obscured somewhat by two problems in Room 28. First, there are very few 

stage 1 pieces. This is probably due to selection by the excavators, 

but Since the debitage was discarded, it is not possible to be sure. 

Second, there is an unexpectedly large number of tip fragments. More 

than half of the analysed specimens from Room 28 are from the distal end 

of a point, compared to about a third from Room 246. Most of these tip 

fragments are small, which skews the distributions in Table 5.5, and 

because tips are worked before bases, they are more likely to be 



Table 6.2 

Dimensions of finished points from Rooms 28, 246 compared. 

Room 28. L3 Room 246. L5-6 Room 246. all 

Mean SD Mean SD Mean SD 

Length 242.41 59.6 269.31 63.4 275.72 55.6 
Max. Width 109.00 12.6 118.25 21.9 121.34 19.8 
Max. Thick 26.91 6.1 27 .00 4.7 27.47 4.5 
Mid Width 69.36 11.2 83.31 15.6 84.22 13.5 
Mid Thick 23.23 5.7 25.25 6.0 24.75 5.1 

Table 6.3 

Distribution of stages of manufacture in Rooms 28, 246. 

stage 

1. Blank 
2. Preform 
3. Unfinished 
4. Finished 

Room 28. L3 

7 
24 
39 
23 

Roan 246. L5-6 

19 
28 
21 
20 

Room 2lJ6. all 

27 
33 
31 
41 
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Table 6.4 

Distribution of parts of pOints in Roams 28, 246. 

Room 28, L3 Room 246, L5-6 Roan 246, all 
Part 

1. Tip 52 33 42 
2. Base 13 32 50 
3. Midsection 4 4 7 
4. Complete 24 19 33 

Table 6.5 

Distribution of estimated percent of point represented by each recovered 
fragment. 

Percent 

<33% 
33-66% 
66-99% 
100% 

Room 28, L3 

23 
18 
28 
24 

Room 246, L5-6 

5 
20 
44 
19 

Room 246, all 

9 
28 
62 
33 
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Table 6.6 

Distribution of break types in Rooms 28, 246. 

Room 28, L3 Roan 246, L5-6 Roan 246, all 
Break Type 

1. Negative 
roll snap 10 = 11% 14 = 16% 19 = 14% 

2. Positive 
roll snap 17 = 18% 4 = 5% 8 = 6% 

3. Right angle 
snap 9 = 10% 20 = 23% 29 = 22% 

4. Perverse 
fracture 22 = 23% 27 = 31% 35 = 27'/. 

5. Oblique 
snap 11 = 12% 2 = 2% 5 = 4% 

6. Impact 
burination 0 0 0 

7. Impact 
fluting 0 0 = 1% 

8. Unbroken but 
too thick etc 3 = 4% 5 = 6% 7 = 5% 

9. Fire 
fracture 0 2 = 2% 2 = 1% 

10. No break, 
looks good 21 = 22% 14 = 16% 26 = 20% 

Total 93 = 100% 88 = 101% 132 = 100% 
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identified as a later stage when broken off. This probably accounts for 

some of the excessive numbers of stage 3 pieces from Room 28. 

I do not have a good explanation for this over representation of 

tip fragments. Most points have a single break, and logically both 

distal and proximal fragments should be equally common. It could be 

suggested that when tips break off at an early stage of manufacture the 

knapper can continue and produce a shorter point from what is left. 

However, the blanks are small to begin with, and the broken tips, of 

which FN 161, FN 165, FN 167, and noFN 1 (Figures 6.1, 6.2) are typical, 

would not leave enough of a base to complete even a short pOint. It 

could be suggested that they are returning to the room embedded in meat 

after a successful hunt. This is ruled out by the lack of damage to the 

fragile sharp point, and the lack of other identiriable impact damage. 

Recovery problems seem to be ruled out also, as it 1s unlikely that 

smaller tips would be found and recognized more frequently than larger 

basal fragments. It is possible that for some reason more bases were 

with the material from this room that I was not able to relocate for 

analysis. 

Other than the efrects of the excessive number of tips in Room 

28, the proportions of each room's assemblage in each stage seem 

similar. The total assemblage from Room 246 has more completed points, 

but the two deposits of concentrated lithic material, Room 28 Level 3 

and Room 246 Levels 5 and 6, are very similar. 

The distribution of break types is informative. Figure 6.3 

illustrates the different break types used here. What I class as 

negative and positive rolls, right angle and oblique snaps are all 
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Key: 1) Negative Roll Snap 2) Positive Roll Snap 3) Right Angle Snap ~) 
Perverse Fracture 5) Oblique Snap 6) Impact Burination 7) Impact Fluting 
9) Fire Fracture (potlidding, crenelated fracture, reddening and 
blackening) • 
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breaks produced by bending stresses (Sol berger 1977a; Cotterell and 

Kamminga 1979; Tsirk 1979) and are common in manufacturing as a result 

of excessive flex1ng.of the point by the f1ngers holding it or by the 

pressure tool, or both together. The right angle and oblique snaps form 

a single straight fracture surface on each fragment. The roll breaks 

are flat at the face where the fracture initiated and have a positive or 

negative hinging termination at the oppOSite face of the point where 

bending stresses were compressive. 

Perverse fractures (Crabtree 1972) are more complex, and wh1le 

bending may be involved, they have definite points of origin and 

direction. They seem to be produced when the fracture plane cuts down 

or across the tool rather than running shallowly and terminating upward 

to remove a flake. In pressure flaking, excessively strong platforms or 

platforms too far above the center line of the tool's edge can cause 

perverse fractures. Only a single instance was observed of an 

"overshoot" or outrepasse (Crabtree 1972) , a flake which carried across 

from one edge to remove part of the oppOSite edge (A-29,442, Figure 

6.1). It was included with the perverse fractures in the quantified 

analysis. 

Impact fluting has been observed experimentally (Bradley 1974a) 

and burination of the edge from the tip also seems to be a result of 

impact (Bergman and Newcomer 1983). Crushing of the tip, with or 

without other impact features, may also occur when a point strikes 

something hard (Frison 1978). 

The breakage patterns in Rooms 28 and 2ij6 are as might be 

expected in manufacturing debris. Table 6.7 shows breakage at different 
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Table 6.1 

Distributions o~ break types at di~~erent stages • 

Break Types: 1 = Negative roll snap. 2 = Positive roll snap. 3 = 
Right angle snap. 4 = Perverse ~racture. 5 = Oblique snap. 6 = Impact 
burination. 1 = Impact ~luting. 8 = Unbroken but too thick or ~lawed 
etc. 9 = Fire ~ractured. 0 = Unbroken, no apparent reason for discard. 
Stages: 1 = Blank. 2 = Preform. 3 = Unfinished. 4 = Finished • 

.lmgm .2B.,.. 1.3. Stage 
~ .1. .2 3. 

1 0 3 5 
2 0 1 10 
3 1 4 2 
4 4 8 10 
5 0 1 9 
6 0 o 0 
1 0 o 0 
8 2 1 0 
9 0 o 0 
o 0 o 3 

total 1 24 39 

lU2.Qm 2!6.... Leyels .5::.6. Stage 
~ ~ .2 3. 
123 5 
2 0 2 2 
3 1 6 5 
4 1 13 6 
5 0 0 1 
6 0 0 0 
1 0 0 0 
8 3 2 0 
9 0 0 0 
o 0 2 2 

total 19 28 21 

1i2.o.m 2!6.... .all. Stage 
.ar..e.ak ~ .2 3. 

1 3 3 5 
2 0 2 5 
3 10 1 8 
4 9 15 9 
5 0 1 1 
6 0 o 0 
7 0 o 0 
8 5 2 0 
9 0 o 0 
o 0 3 3 

total 27 33 31 

11. 
2 
o 
2 
o 
1 
o 
o 
o 
o 

18 
23 

11. 
4 
o 
2 
1 
1 
o 
o 
o 
2 

10 
20 

11. 
8 
1 
4 
2 
3 
o 
1 
o 
2 

20 
41 

.t..Qt.al. 
10 
11 
9 

22 
11 
o 
o 
3 
o 

21 
93 

.t..Qt.al. 
14 
4 

20 
27 

2 
o 
o 
5 
2 

14 
88 

.t..Qt.al. 
19 
8 

29 
35 

5 
o 
1 
1 
2 

26 
132 
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stages. Most of the breaks are bending snaps and perverse fractures. 

Some of the bending breaks could be from use, but there is only one of 

the impact fractures which def1nitely indicate use damage; from Room 

246 but not the main deposit of knapping debris. If we compare a small 

sample of 28 broken stage 4 points from miscellaneous contexts elsewhere 

in the ruin (Table 6.8), we see that impact fractures (fluting and 

burinations) make up 32% of this sample, compared to only 4% of the 

total sample of broken stage 4 points from Rooms 28 and 246. 

If we remember that the excessive representation of stage 3 

points in Room 28 is due to the unexplained excess of tips, some of 

which should actually belong to earlier stage points, then it appears 

that a point has about equal chances of being discarded at any stage in 

its manufacture. In early stages, larger removals to thin the point 

produce greater stresses. Later the flakes are smaller, but the point 

has been narrowed and thinned and is therefore more fragile. Actually 

the finishing work on fragile points seems to be more likely to break a 

point than the thinning, as same of the points coded as finished were 

probably broken by the pressure of holding them as the final touches 

were put on the edges or the last notch. There are very few perverse 

fractures in the last stage, probably reflecting the greater importance 

of holding stresses over those produced by the pressure tool itseU'. 

The possibility exists that some points were broken by use or accident 

after being finished and hafted, and subsequently discarded with the 

manufacturing debris in the rooms. The absence of identifiable impact 

damage argues against this. 

Only a few pOints were discarded without being broken. There 



129 

Table 6.8 

Break types in stage 4 points from Rooms 28 and 2ij6 compared with 
miscellaneous other contexts. 

Break Types: 1 = Negative roll snap, 2 = Positive roll snap, 
3 = Right angle snap, 4 = Perverse fracture, 

~ 28 

1 2 
2 0 
3 2 
4 0 
5 1 
6 0 
7 0 
8 0 
9 0 

total 5 

5 = Oblique snap, 6 = Impact burination, 
7 = Impact fluting, 8 = Unbroken but too thick 
or flawed etc, 9 = Fire fractured 

fZ=Q!l~D1~DQ~ Misc. 
2.116, L5-6 246, all 28+246; % Contexts 

4 8 10 = 38% 8 = 29% 
0 1 1 = 4% 4 = 14% 
2 4 6 = 23% 6 = 21% 
1 2 2 = 8% 0 
1 3 4 = 15% 1 = 4% 
0 0 0 3 = 11% 
0 1 = .11% 6 = 21% 
0 0 0 0 
2 2 2 = 8% 0 

10 21 26 = 100% 28 = 100% 
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are three specimens from Room 28 and five from the midden in Room 246 

that are excessively thick with no possibility of thinning or with major 

material flaws or step flaking errors rendering them worthless. These 

are only in stages 1 and 2; by stage 3 such pieces have been weeded out 

(Table 6.7). 

There are also a few unfinished pOints (3 from Room 28, 4 from 

Room 246 Levels 5 and 6) which entered the deposits in spite of being 

perfectly workable. Perhaps these were lost in the piles of waste, or 

left in storage at the time of abandonment. The same applies to the 

unbroken finished pOints, 18 from Room 28, and 10 from Levels 5 and 6 in 

Room 246. 

Room 

About 19% of points from Room 28, and 11% from 

246, are finished, unbroken, and presumably 

the midden in 

usable. It is 

impossible to tell how many were successfully finished and removed. 

Five knappers replicating points for me produced 29 successfully 

finished points out of 56 attempts, for a success rate of 52%. The 

individuals' success rates ranged from 36% to 80% and seemed to be 

influenced both b,y the knapper's skill and by individual differences in 

such attributes as the thickness of the points and depth of notching. 

Breakage rates should have been even lower among knappers who had years 

of experience in making small points. 

Associated Manufactpring ~ 

In association with the points were a number of other artH'acts 

probably related to their manufacture and use. These are much more 

common in Room 246 than in Room 28. In Room 2ij6 the blanks used for 

points could have been selected from among the thousands of biface 
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thinning flakes, or from flakes produced in the ordinary way from 

amorphous cores. There is no positively identifiable example of a point 

on a biface thinning flake, and few of the o~her tools in Room 246 were 

made on them. As Room 246 contains the only known large deposit of 

biface manufacturing debris, it is safe to say that the usual blank was 

an ordinary flake. In Room 246 there are numerous cores (Table 5.4) and 

the production of flake tools as well as bifaoes should have provided 

many small flakes for pOints. As might be expeoted, most of the oores 

from Room 246 are from the midden. They tend to be fairly large, 

amorphous, and suited to the production of flakes generally larger than 

those used for pOint blanks. There is no evidence of specialized 

production of small thin flakes for point blanks, and it is most likely 

that suitable flakes were selected from among the mostly larger ones 

produoed for other purposes. 

Hammerstones are present in both rooms, and throughout the site 

in the form of small, smooth cobbles of quartzite or other hard stone 

with battered ends (Table 5.5). These are probably the tools most often 

used in the production of flakes for blanks. Antler hammers could also 

have been used, but most of the cores and flakes show the crushing and 

well-defined points of percussion typical of hard hammers. 

The small triangular points were probably made entirely by 

pressure flaking. They are too small and fragile for peroussion 

techniques to be very useful. Antler flaking tools are discussed in 

Chapter 5, and Table 5.6 lists those from Room 246. 

Room 246 also contained 14 whole and fragmentary steatite shaft 

straighteners (Table 5.2). These are of the common bun-shaped form, 
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with flat bases, one or two grooves, and occasionally a few decorative 

incisions. The grooves are highly polished, from 2 to 12 mm deep, and 

mostly 9 to 11 mm wide. Most show the efrects of fire, from scorching 

and blackening to friability and irregular heat fractures. In use they 

were probably heated, and a cane arrow shaft laid in the groove and bent 

straight. Experiments have shown that this is an effective means of 

permanently straightening the cane shafts commonly used in the 

Southwest, and serves also to reduce and smooth the joints of the cane 

(Cosner 1951). 

If the manufacture of arrow shafts as well as points is 

evidenced in Room 246, it is likely that some of the flake tools found 

were also involved. The frequency of small backed knives, which would 

make good whittling or cutting tools for foreshaft production is 

suggestive, but without use-wear stUdies it is fruitless to speculate 

further. When the associations of tools throughout the pueblo have been 

studied in more detail, we will have a better idea of the combinations 

of activities and the organization of craft industries, as well as 

further suggestions on the functions of such tools as the backed knives. 

In Roem 246 the evidence suggests that complete arrows, point 

and shaft, were being manufactured in the same context, possibly by the 

same individuals. Point production and shaft production need not be 

together, and while points, manufacturing debris, flaking tools, and 

shaft straighteners are all found together in Room 246, all occur also 

in different, less concentrated associations elsewhere in the site. 

Room 28, for instance, has the pOints, but has few cores, hammerstones, 

antler flakers, or shaft straighteners. Detailed analyses of these and 
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interpretations of tools 
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hold great potential for functional 

and rooms (e.g. Ciolek-Torrello 1978), and 

interpretations of the organization of craft activities, including the 

discovery of areas devoted to other aspects of chert working, and the 

identification of specialization. Room 246 and Room 28, for instance, 

contain evidence of different manufacturing activities. 



CHAPTER 7 

INDIVIDUAL VARIATION 
IN THE SMALL TRIANGULAR POINT COMPLEX AT GRASSHOPPER 

The arrowheads from Grasshopper are a collection of artifacts 

from a context limited to a single large site with an occupation span of 

perhaps 100 years. Nevertheless, there is considerable variation in tne 

forms of projectile points, even within the group I have called the 

small triangular point complex. The goal of this study is to isolate 

the variation which may be assignable to choices made by individual 

artisans. In order to do so it is necessary to discuss other dimensions 

of variability as well. 

Questions of Style 

Differences between similar artifacts made by different 

individuals can be considered primarily as stylistic variation. In the 

archaeological literature, stylistiC variation is most commonly seen as 

variation that cannot be explained by differences in function (Sackett 

1973; Close 1978; Stiles 1979). In operationalizing the search for 

stylistiC variation, it has been explicitly proposed (Close 1978; 

Stiles 1979) that identifying and eliminating variation explained by 

function leaves an analysable residue of non-functional variation due to 

style alone. However, function and style are not the only determinants 

of artifact form; it is also necessary to consider the limiting effects 

134 
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of materials and available technology, and random factors such a 

knapper's error (Binford and Binford 1966; Jelinek 1976). 

A number of recent works have sought to explain the existence of 

stylistic variation by discussing its potential for encoding and 

transmitting information, especially information concerning the social 

and personal identity of the maker, owner, or user of an artifact (Wobst 

1977; Weissner 19~3). Several well-known studies have attempted to 

trace social groups and interactions, implicitly or explicitly following 

this view of stylistic variation (Deetz 1965; Hill 1970a; Longacre 

1970). 

In a recent paper, Sackett (19~2) has attempted to summarize 

views of style as applied to lithic studies, and proposed a synthetic 

viewpoint which he terms nisochrestic. n In h1S view, most theories of 

style fail on at least one of several counts: 1) They see style as 

residing only in variation in artii'act form. 2) They consider that 

stylistic variation must be a conscious attempt to express identity. 3) 

They consider style to be always a direct contrast to function. 

Sackett sees style as nthe ethnic idiom imparted to form as the 

result of the culture-historical context in which it is designed and 

usedn (1982:104). Sackett uses his term isochrestism to imply that 

style is not 

choices which 

utility. This 

a direct contrast to function, but rather resides in 

produce different results, but identical functional 

seems to differ little from the view that stylistic 

variation can be isolated by eliminating variation which is directly 

functional, but Sackett recognizes that the variation involved occurs on 

many levels. StylistiC variation is not limited to morphological 
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variation in individual tool classes, but also includes choices between 

di~ferent tools for similar tasks, different materials and techniques 

for tool production (Jelinek 1976), and even choices between different 

activities directed toward similar goals. The implication is that a 

choice affecting function can also be a stylistic choice. In addition, 

Sackett recognizes that the "ethnic idiom imparted to form" also occurs 

at many levels. Thus attributes common to one group and distinguishing 

it from another may occur at all levels from the tool to the assemblage, 

and may distinguish groups of sizes varying from continental populations 

to communities and even individuals. The attributes which serve to 

distinguish groups may be consciously varied for that purpose, but 

undirected variation may also contain similar information, particularly 

on the "coarser-grained" level of industries and assemblages. 

In general, I will follow Sackett's ideas and consider stylistic 

variation to be the result of choices between functional~y similar 

alternatives. These choices produce attributes which reflect the 

identity of the unit making the choices. Stylistic variation may be 

visible in attributes at all levels, and reflect human units of all 

sizes from the individual on up. It may be unconscious as well as 

intentional variation. 

Ideally it might be best to consider only deliberately varied 

attributes as representing stylistic variation, and separate them from 

unconscious idiosyncratic patterns which may also distinguish 

individuals. However, I will argue below that it is difficult to 

separate conscious and unconscious variation. This is especially true 

of individual variation, which is o~ten expressed in details that could 
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be consciously controlled but may not be. Most discussions of style 

have ignored this problem. However, studies which use details of 

variation in nonfunctional attributes to examine inttividuals and small 

groups (F. Plog 1977; Muller 1977; Redman 1977) and ethnographic work 

which indicates that artisans can identiry the work of individuals but 

do not recognize all the distinguishing attributes (Weissner 1983; 

Longacre 1981) implicitly or explicitly include attributes which are 

both consciously and unconsciously varied. For the purposes of this 

study, I will use style to refer to variation in a1~ attributes which 

are basically nonfunctional and which convey information about social 

identity whether or not they are intentional~y varied. 

In recognizing that choices which affect function can also be 

stylistic, this view of style also admits the difficulty of separating 

the two by a neat process of elimination. However, this view 

corresponds better to the real world than the pure function versus style 

dichotomy. Numerous examples come to mind in our own lives; a r'ecent 

ethnographic example is in Weissner's (1963) stutty of style in San 

arrows. One language group uses a sharp pOint, while a second 

recognizes the differences antt admits the probable functional 

superiority of the sharper point, but continues to use their own 

traditional and distinctive blunter style. In accepting a theoretical 

stance which admits that stylistic and functional variations can not 

always be distinguished, the best we can do is probably to focus 

stylistic comparisons on sets of data or artifact types where functional 

variation can be somewhat limited. 

In the sections to follow, I will concentrate on attempting to 
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study stylistic variation at a very ref~ned level indeed, that of the 

individual stone worker. In order to do so, the analysis is confin~d to 

a limited class of relatively complex stone tools, the small triangular 

point complex. 

The material and technology of stone 

functional imperatives, dictate that flaked 

tool manufacture, and 

stone be a much less 

versatile medium than, for instance, clay. stone tools tend to be 

simple in form and rather stereotyped, with limited room for expressive 

non-functional variation comparable to pa~n~ed decoration on pottery. 

studying stylistic variation in lithic artifacts (as opposed to 

assemblages) is easier if relatively complex forms are used, forms wh1ch 

have a large number of readily discernable and easily variable 

attributes. Sackett (1982) and others who are somewhat skeptical of 

detailed stylistic studies using stone tools tend to underestimate the 

sensitivity of variables of tool shape, and forget that attributes of 

other aspects than shape are also important. As will be shown, the 

projectile pOints from Grasshopper are certainly complex and variable 

enough in a variety of attributes for stylistic studies at many levels. 

Indiyidual Variation; Theoretical Expectations 

The interest of archaeologists in social structure and economic 

relations has become increasingly fine-grained, focusing on more and 

more precise contexts and situational interpretations. As the 

individual is the smallest unit of the SOCiety, the activities of 

individuals are the smallest unit of specialization and functional 

differentiation. The possibility that the act1vit~es of individuals may 

be isolated in the archaeolOgical record, and studied to shed light on 



139 

larger patterns of organization, has only recently begun to be explored 

by archaeologists. 

Any individual is a member of numerous diverse groups within his 

society. If we can trace the patterning of the activities performed by 

some individuals through the material products of these activities, we 

have an effective tool for tracing the activity patterns of some of the 

social groups to which these individuals belong, and the relationsh1ps 

between groups (Hill 1977; Hill and Gunn 1977; F. Plog 1977). 

Stylistic variation has previously been discussed as variation 

which conveys information about groups of people. Shared conceptions 

and rules within a group produce forms of behav10r and material products 

which distinguish that group from similar groups with different 

conceptions and rules. Stylistic variation can distinguish groups at 

all levels from the individual on up. Thus as F. Plog (1977) points 

out, the attributes of ceramic design used by Longacre (1970) and Hill 

(1970a) vary at several levels: some by region, some by site, by major 

social groups within the site (as they argued), by households, and 

probably by individuals. If we hope to trace individuals, the question 

then becomes one of sorting out the variation which distinguishes them 

from all the rest of the variation. 

Some of the attributes produced by each individual result from 

conscious decision, or are learned from others, but some are the result 

of unconscious variations in the way people do things. The subconscious 

variation is least likely to be learned or taught, and therefore most 

likely to belong to one individual alone (Hill 1977). Hill considers 

differences in individual motor parformance capabilities to be the most 
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likely source of artifact variation traceable to individual makers. 

Similarly, Muller (1977) proposes that individual styles can be 

distinguished by variation in technique or execution, that is, below the 

level of design elements or other consciously controlled variation. 

Again the individual is most likely to be recognized through differences 

in motor habits, attributes unconsciously varied by individuals in the 

idiosyncratic nhown of performance rather tnan tne shared nwhatn which 

is performed. 

I would argue that individual variation is visible in both 

attributes unconsciously varied through motor performance differences 

and other reasons, and attributes which are consciously varied for a 

purpose. The nmental templaten which is shared within a group, is also 

perceived differently by each member of a group. Whether or not they 

are aware of their differences, each artisan may have a slightly 

different idea of how the correct, or satisfying, or beautiful, or 

useable artifact should look. In addition, stylistic variation can be 

intentionally used to express one's individual identity as well as 

membership in a group (Weissner 1983). Maker's marks and owner's marks 

are common in the past as well as the present. Skillful artisans who 

control attributes that make their work better than that of others may 

be consciously distinguished within their own SOCiety even without 

signing their pieces, and may gain social or economic advantages from 

the distinction of their work. 

This returns us to the earlier question of which attributes are 

likely to be useful in distinguish~ng individual artisans in the past. 

If artifacts are expected to vary on the level of the individual both in 
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unconsciously varied attributes, and in attributes which may be 

intentional and can probably be learned, which ones do we use, and how 

do we tell them apart? Can they be separated from similar attributes 

which distinguish units larger than the individual? These problems are 

the reason why some choose to use the concept of an "analytical 

individual" in archaeological discussions (F. Plog 1977; Muller 1977; 

Redman 1977). This concedes the difficulty of separating truly 

individual attributes, and chooses to use the smallest level of 

variation visible in groups of artifacts, conceding that some of the 

artifact groups recognized on this level may be the work of small groups 

of people rather than actual individual humans. 

Those who use this concept frequently express a belief that the 

real individual is not important to the goals of archaeology, that we 

can group artifacts by similarities into "style zones" (F. Plog 1977) at 

different levels, but mayor may not be able to identity groups of 

traits with social groups (F. Plog 1977; Muller 1977). Alternatively, 

Redman (1977) offers that we can form h1erarchical groups by analysing 

attribute similarities, and while we may never know the real social or 

biological meaning of any of the groups behind our artifact sets, we can 

still discuss relative degrees of interaction and trace economic 

networks or changes in specialization. 

To a certain extent these authors are denying their own stated 

goals. All agree that understanding past social and economic structures 

is important. Surely then, the place of the individual artisan in his 

society and economy, and changes in h1s role as common man, specialist, 

artist, or economic elite are of interest. The accounts of Nampeo and 
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the renaissance of Hopi pottery (Schwartz 1969) provide a famous 

ethnographic example of a home utility craft transformed into an 

artistic industry with renowned individual artists--a fascinating 

development. If archaeologists can trace such changes then indeed they 

ought to do so. 

The question is whether we can or not, and the answer at present 

seems to be mostly not. The difficulties of identitYing enough 

individuals securely enough, over sufficient time span, and in enough 

contexts to get a good idea of what they were doing in their society may 

be insurmountable. However, the fact that in historic archaeology some 

important (and occasional~y nameable) individuals can be traced, for 

instance artists and some Attic vase painters (Muller 1977) gives hope 

that we can get some useful information from less documentable 

individuals. 

Recent Experiments 

The difficulty of distinguishing attributes that truly belong to 

one individual and to him alone can to some extent be dealt with. Where 

contexts can be sufficiently limited, temporally or spatially, even 

attributes which could conceivably be consciously controlled, shared, or 

learned can be argued as probable evidence for individual work, even if 

they cannot be called proof. Some attributes, usually of the 

"unconscious motor habit" variety can be securely argued as dimensions 

of individual variation if they are tested in replicative settings and 

ethnographic studies. This work is beginning to be done. Hill (1977) 

has tested the ~ell-known distinctiveness of some traits of handwriting, 

and confirmed that some attributes which vary by individuals remain 
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distinctive even over long periods in the individuals' lives. Using 

pottery designs in Mexico he found that even when painters were asked to 

copy designs, differences in execution of various elements allowed him 

to distinguish individual work, even using very few attributes. 

Hardin (1977) was also successful in describing individual 

variation in an ethnographic study of Mexican pottery, although she 

cautions that some individual differences in execution are consciously 

controlled, and changes in material and tools can affect execution and 

form of many attributes, even without conscious control. 

Longacre's (1981) ethnographic work with Kalinga potters in the 

Philippines, while oriented differently, has also found that individual 

potters produce distinctive work which can be identified by fellow 

potters. The recent study of San arrows cited above (Weissner 1983) 

also showed that most craftsmen could identit,y their own work and that 

of some others, although only some of the distinctive a~tributes were 

recognized. 

Studies of individual variation in lith1c tool manufacture are 

also beginning. Gunn (1975, 1977) was quite successful in separating 

the work of six knappers on the basis of flake scar patterns on bifaces. 

Knappers showed differences in the orientation of flake scars, and in 

the consistency of their orientation patterns. This may be a 

particularly useful type of attribute for this problem as habits of 

holding and striking in tool manufacture are likely to be unconscious 

and consistent. MY results from similar work are discussed below. 

Johnson (1977), using technological and morphological attributes 

of' waste flakes and tools from a small quarry site in Chile, concluded 
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that they were so consistent as to suggest that only one knapper worked 

there. Kay (1977) suggests the possibility that differences in how 

individuals use tools could produce distinctive patterns of wear on tool 

edges, although he was unable to demonstrate this. 

From the growing body of theory and experiment a few suggestions 

can be made about the kind of attributes which might be expected to 

distinguish individual arrowhead makers. Two major kinds of attributes 

can be expected; attributes of form and attributes of execution. 

Attributes of Form and Attributes of Execution 

Attributes of form are most readily perceived and, therefore, 

controlled. In arrowheads length, width, presence or absence of 

notches, their height and depth, the form of the base, the curve of the 

edges, proportions and symme~ry, all can be considered similar to design 

elements in pottery. Attributes such as these are commonly used to 

study variation between spatially and temporal~y separate groups. 

Variations in such attributes also express the individual's 

interpretations of what a proper arrowhead should look like. Obviously 

there are some factors which may intervene; errors in working, 

miscalculations in deSign, changes of heart, adjustments to a specific 

piece of material, and so forth. 

Attributes of execution ref~ect ndifferences in individual motor 

performance capabilitiesn (Hill 1977) or skill, and motor habits. They 

are frequently unconscious and consistent. The skill of a knapper may 

be reflected in his ability to thin a pOint, and produce a symmetrical 

form with even flaking. Habits of holding and orienting points and 

flakers should produce characteristic scar patterns. 
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While the dichotomy between attributes of form and attributes of 

execution is a useful organizational concept, it is not an absolute 

division. Flake scar patterns, Wh1Ch in some assemblages may ref~ect 

only work habits of the knappers, may be an important attribute of form 

in others, for instance same Paleo-Indian poin~s with patterned flaking. 

The distinction between conscious and unconscious control of 

attributes is even more difficult to main~ain. Flake scar patterns may 

be an unconscious result of working habits, or they may be under the 

control or attempted control of the members of a culture, or of some 

knappers. Similarly, attributes of form may vary by choice, but these 

choices mayor may not be entirely conscious. The five knappers who 

replicated points for me all copied a single template point, but as will 

become apparent, their copies systematically differed from each other 

and from the model in many attributes of form. It is not possible to 

say whether this is because their perceptions of the model differed 

unconsciously, or because they chose to make improvements, or followed 

old habits established in making different points. 

In discussing the attributes used in this study some suggestions 

about the nature of these a~tributes, the degree of control exercised by 

the knapper, and potential reasons for individual differences will be 

proffered. However, it should be apparent from the start both that 

these are only suggestions which may vary from group to group or 

individual to individual, and that the distinctions between form and 

execution, habit and choice are weak and shifting, with elements of both 

in many attributes. 

It has been argued above that it is probably hard to distinguish 



146 

between purely stylistic attributes and those with functional meaning, 

and between attributes which are consciously varied for any of many 

possible reasons and those which differ between individuals due to 

differences in motor habits, skill, or perception whether or not the 

artisans are aware of these differences. Both conscious and unconscious 

variation is likely to distinguish individuals. Moreover, the 

attributes which distinguish individuals are likely, to be found on many 

levels of artifact form and technology, and it may not always be 

possible to separate attributes which distinguish individuals from those 

which characterize small groups of people; or the same attributes may 

do both in different assemblages or sub-sets; or an individual may 

command a range of styles. How then can we argue that any attribute 

marks an individual, or that any group of artifacts represents the work 

of a single artisan? 

Two partial answers suggest themselves from the preceding 

discussions. First, it is necessary to know more about the kinds of 

attributes that do distinguish individuals and their nature, origins, 

and behavior. Experimental and ethnographic work is beginning to 

provide some answers. Second, particular sets of attributes can be 

explicitly tested, again through ethnographic observation and 

experimental replication. This too is beginning to be done, and it is 

the goal of the following analysis to apply this methodology to the 

projectile pOints from Grasshopper. 

Stylistic and Other Variation in the 
Small Triangular Point Complex 

In examining points from burials at Grasshopper, it was noticed 
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that they seem to form "sets", with the points accompanying one burial 

all similar, but differing from points in other burials. The sets of 

points suggested the work of individual knappers. This suggestion has 

been made before in discussing groups of obviously similar and related 

tools found in limited contexts. A few examples are a burial from 

Nevada (Muto, Mehringer and Warren 1976), a cache from Idaho (Butler 

1963; Gunn 1975, 1977), and burials and caches from Pueblo Bonito 

(Pepper 1920; Judd 1954), Mound 72 at Cahokia (Fowler 1973), western 

Arizona (Wasley and Johnson 1965), and Aztec Ruin (Morris 1924). The 

suggestion has not usually been tested other than noting the consistent 

form of the artifacts. 

exception. 

Gunn's work, discussed later, is a partial 

In examining fine-grained stylistic variation and attempting to 

attribute it to individual workers, it is necessary to discuss and 

control some other factors of variation in lithic artifacts. It has 

already been mentioned that not only style, but also intended function 

and sometimes the material and technology used can be seen as the major 

influences on artifact form. 

As the preceding chapters have shown, the small triangular point 

complex at Grasshopper is relatively uniform in its material, 

technology, and function. With only a few exceptions, the materials 

used are high quality cryptocrystalline rocks, most of them from a 

single source area. As previously described, evidences of the 

technology available to work this material are also extremely consistent 

throughout the assemblage, with essentially the same tools and even 

manufacturing sequences used in all cases. Differences in material and 
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teohnology are not major faotors influenoing variation in point form at 

Grasshopper. 

The small triangular point oomplex also forms a single 

functionally similar group of tools, at least within the latitude 

allowed by the general term ftarrowheadft • Arguments for this view were 

presented in Chapter 5. As variation within the small triangular point 

oomplex is examined in detail, questions of funotion must be raised 

again, espeoially if the possibility of variation that is at onoe 

funotional and stylistio is admitted. Thus the presenoe or absenoe of 

side-notohes may result merely from the whim of the maker, or it may be 

a refleotion of two different intended uses. At this point, evidenoe is 

laoking to subdivide the arrowheads into more preoise funotional 

olasses. 

Within the typologioal oategory of interest here, the Small 

Triangular Point Complex, the variation will henoeforth beoonsidered as 

primarily stylistio. Aooording to the definition discussed earlier, 

this implies variation whioh distinguishes groups of humans at a number 

of different levels. These inolude human groups separated by time and 

geographical distanoe as well as sooial differences at one place and 

time. This kind of variation is the concern of most typologies. At the 

moment, temporal controls on different room deposits and burials are not 

fine enough to examine the possibility of temporal change in point form 

over the several generations of Grasshopper's oocupation. It seems 

likely that variation at any given time was as great as variation 

through time. Points of all forms and sizes, with and without notches, 

are found together in trash, room, and burial contexts. The best 
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example is Burial 140, which will receive further a~tention later. This 

burial was beneath the plaza which later became the Great Kiva, and thus 

dates fairly early in the site's occupation span. With this single 

interment were 128 small triangular points of a variety of forms, 

deposited at a single time (see Figures 8.5 to 8.15). 

The different forms of points also seem to be distributed evenly 

throughout the pueblo, with no room blocks or other large areas 

characterized by distinctive forms. Smaller residential units are not 

well enough known to tes~. 

The small triangular point complex at Grasshopper forms a 

functionally homogeneous group, with purely functional variation a~ a 

minimum. Some variation which is both functional and stylistic is 

likely to be present, and will be further explored later. Differences 

of raw material and technology are negligible. Although it was not 

possible to test temporal aspects of stylistic variation, these too seem 

less important than synchronous variation, and the assemblage spanning 

100 years of occupa~ion will be treated as a whole. Point variation 

distinguishing social units within the pueblo cannot now be dealt with 

adequately. I will argue that the variation present among small groups 

of points largely represents the stylistic choices and idiosyncratic 

habits of individual artisansa 

Methods and Procedures 

A three-stage procedure for testing whether or not the sets of 

pOints in burials represent the work of different individuals can now be 

suggested. 

Stage 1. Identification of limited contexts. The limited 
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nature of the context in which a set is.found is as important as the 

consistent nature of the set itself in arguing that it is the work of a 

single individual. By limited context I mean a situation with narrow 

spatial bounds and representing a short time span, often a single short 

event. Many of these are intentional deposits, such as burials and 

caches, but disasters such as volcanoes and mudslides could also produce 

limited contexts. 

Limited contexts are important because at our present stage of 

knowledge, it is far easier to attempt to distinguish individuals if 

groups of artifacts can be separated by contextual evidence, rather than 

by subdividing a total assemblage by attributes whose meaning is 

unknown. Gunn (1975) demonstrated that while he could readily identify 

and classify the products of different knappers when he knew how many 

knappers were represented, his attempts to subdivide the entire 
..... _-_ ......... -... - -

assemblage into an unknown number of individuals were not very 

successful. This was because the attributes showed some overlap between 

knappers, and because of the difficulty of choosing the correct level of 

classification. In other words, presently available techniques of 

numerical 

similarity 

taxonomy such as various 

and difference to produce 

cluster analyses use measures of 

hierarchical groupings of 

increasingly similar items. However, they provide no theoretical model 

for selecting the level of similarity or difference which produces the 

desired grouping (Doran and Hodson 1975). This is a problem discussed 

earlier; it is easy to classify artifacts into groups, but which level 

of grouping represents the individual, and which a larger group of 

people? On the other hand, if the number of individuals is known or 
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suspected, the similarities and differences between groups of artiracts 

presumed to represent individuals can be quantitatively described and 

tested, the distinctive attributes identiried, and these attributes 

tested to support or dismiss the hypothesis that they represent 

dimensions of individual variation. 

The sets of pOints chosen for this study are all from limited 

contexts. The best of these are burials and caches, which are 

single-event depositions. Burial sets in particular are associated with 

a single individual. Whatever the relationsh1pof this individual to 

the pOints while he lived, they are associated with him alone after his 

death, in a deposit formed at a single short interval of time, dur1ng a 

meaningful unit of social activity. Caches, while not associated with 

any individual, are also likely to be temporal~y limited, although the 

possibility of repeated use of a storage facility or inclusion or 

artifacts made over a long period must be admitted. These limited 

contexts represent unique events, often of meaning to the society, and 

separated from each other in space and by an unknown but f1nite time 

span. The conjunction of limited context and sets which are internally 

consistent but distinct from other sets is what suggests the hypothesis 

that these sets were made by different indiViduals. 

Following the initial tests using the best of the limited 

contexts, other contexts such as some room deposits can be examined. 

These can in some cases be considered as limited contexts, although they 

rarely represent as short a time interval or as singular an event as 

burials and caches. 

stage 2. Tests of similarities and differences between se~ and 
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ident+fication of distinguishing attributes. The sets can be described 

and compared using a variety of attributes chosen at random, for 

theoretical reasons, or from prev10us experiments by oneselr or others. 

Attributes which serve to distinguish sets can then be identified by a 

number of techniques, of Wh1Ch discriminant analysis is the most 

appropriate (Doran and Hodson 1975; Gunn 1975). 

stage 3. Tests of the attributes. A set of replicative 

experimental data can be used to determine whether the attributes which 

distinguished sets in the archaeological data distinguish known 

individuals in a controlled setting. If they do, there is good reason 

to argue that these are attributes of individual variation, at least in 

the assemblages studied. 

Data Sets 

In examining the possibility of individual variation at 

Grasshopper according to the model la1d out above, two major bodies of 

data were used. The first consisted of the sets of pOints from burials 

and other archaeological contexts, and the second was five sets of 

pOints made for this experiment by five modern knappers. 

Limited Contexts: Burials and Caches 

Table 7.1 lists the sets examined in this study and Figures 7.1 

to 7.11 illustrate the points. The contexts and associations of the 

point sets will be discussed in more detail later (Chapter 9). A few 

comments on the list of burial sets in Table 7.1 are necessary. 

In addition to the point sets listed, there are other flaked 

stone items in some burials, and a number of burials whiCh were not 
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Table 7.1 

Point sets from Grasshopper limited contexts. 

Burial N of Points Comments 

367 3 3 similar, originally 5 pts (1 set) 

129 3 all different (0 sets) 

190 4 4 similar, originally 5 pts (1 set) 

381 6 6 similar (1 set) 

450 6 4 similar, 1 notched, 1 unfinished (1 set), not 
including 2 small bifaces and. 1 stemmed pt 

298 6 6 Similar, originally 7 pts (1 set) 

588 8 7 similar plus 1 oda (1 set), or 4 notched plus 
3 unnotched plus 1 odd, originally 9 pts 

28-B 8 8 similar (1 set) 

Rm 45 8 8 similar (1 set) 

323 9 8 similar plus 1 odd (1 set), originally 10 pts 

76 10 10 similar (1 set) 

641 12 12 similar (1 set), originally 14 pts 

477 13 2 similar long, plus 11 similar short (2 sets) 

Total 

13 contexts, 96 pOints, 13 probable sets 
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Figure 7. 1 Points from Burial 76. 

A-28073A; A-28073B; A-28073C; A-28073D; 
A-28073E; A-28073F; A-28073G; A-28073H; 
A-28073I; A-28073J. 
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Figure 7.2 Points from Burial 129 and Burial 190. 

Burial 129: A-28953; A-28954; A-28955. 
Burial 190: A-28975; A-28976; A-28977; A-28992. 
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Figure 7.3 Points from Burial 298. 

A-29719; A-29720; A-29721; 
A-29722; A-29723; A-29724. 
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Figure 7.4 Points rrom BUrial 323. 

A-29881; A-29889; A-29890; 
A-29891; A-29893; A-29894; 
A-29895; A-29896; A-29897. 
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Figure 7.5 Points from Burial 367 and Burial 381. 

Burial 367: A-35127B; A-35127C; A-35127D. 
Burial 381: A-35222-1; A-35222-2; A-35222-3; 

A-35222-4; A-35222-5; A-35222-6. 
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Figure 1.6 Points and small bifaces from Burial 450. 

A-35116; A-35111; A-35118; A-35145; 
A-35719; A-35144; A-35715; 
A-35742; A-35743. 
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Figure 7.7 Points from Burial 477. 

A-35988; A-35990; A-35881; 
A-35890; A-35933; A-35984; A-35985; 
A-35989; A-35991; A-35986; 0 

A-35891; A-35983; A-35987 (the last three are of obsidian). 



Figure 7.8 Points from Burial 588. 

75-11-62; 75-11-63; 75-11-65; 
75-11-60; 75-11-61; 75-11-67; 
75-11-68 (both faces); 75-11-64. 

o 2 em 

The template used in replication was 75-11-68. 
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Figure 7.9 Points ~rom Burial 641. 

75-11-1033A; 75-11-1033B; 75-11-1033C; 75-11-1033D; 
75-11-1033E; 75-11-1033F; 75-11-1033Gj 75-11-1033H; 
75-11-1033I; 75-11-1033J; 75-11-1033K; 75-11-1033L. 
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Figure 7.10 Points from cache in Room 45. 

A-34184-x-1; A-34184-x-2; A-34184-x-3; 
A-34184-x-4; A-34184-x-5; A-34184-x-6; 
A-34184-x-7; A-34184-x-8. 

163 



o 2 em. 

Figure 7.11 Points from Burial 28-B, Spotted Mountain Pueblo. 

PH 1; FN 2; FN 3; 
FN 4; FN 5; FN 6; 
PH 7; FN 8. 
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used. Burial 140 included 128 pOints representing a large number of 

sets and will be dealt with later. Three burials had only two small 

triangular pOints, and 22 had one point each. These were not counted as 

sets both because it was impossible to measure similarity within the 

burial, and because in some cases true context was in doubt. A large 

number of similar points associated with a burial is unlikely to be a 

coincidence, but a single point could represent a mortuary gift, a fatal 

wound, or an accidental inclusion in the trashy fill in which most 

bodies were buried. Similarly, Single points which differed from sets 

with which they were associated (Burials 323, 588) presented unresolved 

analytical difficulties. 

The number of sets indicated in Table 7.1 is the final estimate 

after analysis using the measurements of intra-set similarity and 

inter-set differences described below. Note that some of the burials 

had more pOints than were analysed. Some points were not found in the 

collections, or are recorded in field notes but were apparently lost in 

the field. In a few cases, some points were not used in all the tests 

because breakage or other problems prevented measurement of some 

variables. 

All of the sets accompanied burials except that from Room 45, 

which was a pile of points "on top of each other" in a room with an 

uncertain floor and much trash fill (Kelly and Kronenwetter 1969). They 

could have been either stored in an actively used storage room, or 

cached in a hole dug in trash in an abandoned or semi-abandoned room. 

The set of points labeled 28-B was salvaged from a looted burial at 

Spotted Mountain Pueblo (AZ V:2:3) by Madeleine Hinkes and Field School 
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students. Spotted Mountain Pueblo is a site of some 80 rooms 

contemporary with Grasshopper and about 10.8 km away (Figure 3.2). 

These points were included to enlarge the data base with a set 

contemporary to those from Grasshopper and in the same tradition. As 

these pOints come from a different site, the likelihood of different 

craftsmen is increased, although the two pueblos were doubtless in 

contact and could have been exchanging goods. 

The total data set consists of 96 points in 13 probable sets 

from 13 separate contexts. After some tests, Burial 129 and single 

pOints which did not appear to belong to sets in Burials 323 and 588 

were eliminated to better show the differences and similarities between 

groups of points, and avoid forced misclassifications. This left 13 

hypothesized sets from 12 contexts. 

Experimental Points 

In order to test whether attributes which distinguish groups of 

burial points at Grasshopper are attributes which distinguish the work 

of individual knappers in a controlled Situation, five knappers produced 

sets of pOints for analysis. The knappers who participated were 1) 

myself, 2) Peter McCartney, 3) Bruce Huckell, 4) Caroline Wickham-Jones, 

and 5) Harold Dibble. Hereafter the knappers will be identified only by 

number. 

Table 7.2 lists the knappers with information on the points 

produced and a subjective ranking of skill. Representative pOints are 

shown in Figure 7.12 and data on all points are contained in the 

Appendices. The knappers all had at least three years of experience and 

the range in skill was from extremely good to competent. Two of the 
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Table 7.2 

Experimental knappers and their point sets. 

Knapper Skill Handedness Points completed Points broken Success 
+ measured + not measured rate 

, 2 R 8 4 66% 

2 3 R 5 6 45% 

3 , L 5 3 63% 

4 5 L 7 2 78% 

5 4 R 4 6 40% 
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Figure 7.12 Representative replicated points by five knappers. 

Knapper 1: Point 5, Point 8. Knapper 2: Point 2, Point 7. 
Knapper 3: Point ~, Point 7. 

Knapper 4: Point 1, Point 3. Knapper 5: Point 8, Point 17. 
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five were left-handed. 

The knappers all used their own tools, which were similar antler 

tine flakers, except in the case of Knapper 5, who used a copper flaker. 

They worked according to their own habits. Each was presented with an 

illustration of a single point (Burial 588, point 75-11-68, Figure 7.8) 

which they were instructed to imitate. All but Knapper 4 also examined 

the actual template point and other points from Grasshopper. The 

template point was of a quality that not all the knappers were expected 

to achieve. The use of a single template point for all knappers was 

intended to standardize their products, but as will be seen, each 

knapper made his own interpretations. 

It was not possible to work all together or at one time, and the 

standard template and similar instructions were intended to counteract 

this,_as much as possible, as well as avoiding the difficulties which 

would have been produced by allowing knappers to pick their own 

templates or their own interpretation of a "typical" Grasshopper point. 

Each was provided with a supply of Redwall chert from the sources near 

Grasshopper to prevent major differences in raw material quality. 

Attributes 

Some of the theoretical expectations concerning the variation 

which may distinguish the products of individual artisans were examined 

earlier in this chapter~ It is now time to examine those which were 

actually applied to the stUdy of the small triangular point complex at 

Grasshopper. 

A large number of attributes of many kinds were examined, both 

those that were expected to distinguish individuals in light of the 
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earlier discussion and initial exam1nations of the assemblage, and some 

about which no predictions could be made. Some were not very effective, 

and others were not sufficiently tested. The following discussion will 

deal only with those that proved to be important or interesting. 

Appendix A lists and defines all metric attributes recorded and gives 

actual data for the points examined. Appendices Band C present flake 

Bcar data. 

The attributes were studied as two major groups. The first 

included metr1cal attributes such as length and width, and the second 

group was made up of attributes derived from measurements of the flake 

scar orientations. 

'Metrical Attributes. 

Capitalization indicates the letter abbreviations used in 

tables. Data are presented in Appendix A. 

~. Length, base to tip. 

Z. Width, maximum at base. 

~. Mid-point Width. 

£. Mid-point Thickness. (Maximum thickness (MxT) was also 

tried, but both measurements of thickness were similar and highly 

correlated so MT was usually used.) 

~. Basal Concavity depth. 

~. Notch Depth, deepest notch. 

2. Notch Height, from base to center of deepest notch. 

a. Mid-point Width/ Mid-point 'Thickness. 

~. Length/Width. 

jQ. Length/Notch Height. 
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JUL. Width/Mid-point Width. 

JZ. Scar Size, twice the Length divided by the total number of 

scars on both faces to give a mean scar width along the edges. 

The metrical attributes are those which are most visually 

apparent. They are the sort of attributes which archaeologists 

frequently record and use in more usual typological studies. They are 

also to a large extent under the direct and conscious control of the 

knapper, and include attributes which might be varied intentionally to 

identify the owner or maker. 

Length and Width are particularly visible attributes, and 

readily controlled for stylistic reasons. They could also have an 

effect on the functional efficiency of a point, and might be varied with 

that in mind. Basal concavity and notch depth are less obvious, and can 

probably vary without much effect on the efficiency of hafting, since 

points without notches and without basal concavities are as common as 

those with such features. This kind of attribute is particularly 

subject to the sort of non-functional variation that distinguishes one 

person's work from another's, although there may be real or perceived 

~unctional distinctions as well. Thickness is also largely controlled 

by the knapper, both by selection of the flake blank, and by the effort 

put into thinning it. In addition, there is an element of skill 

involved. It is much harder to thin a point than to shape it, and the 

ability to consistently make thin, even points, without large lumps or 

step fracture plateaus is one mark of a skill~ull knapper. 

The basiC measurements mentioned above can also be combined in 

indices expressing various proportions on the points. Length/Width and 



Length/Notch Height give particularly good expressions of 

which are intentionally controlled by the 
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proportions 

knapper. 

Mid-point Width/Mid-point Thickness is at least partly a ref~ection of 

skill, as it is more difficult to make a wide thin point than a narrow 

thick one. 

The attribute which I have called Scar Size is not really in the 

same class as the other attributes, but is included here because it is 

an attribute of size and not derived from scar orientations as are the 

other flake scar attributes. Scar size is probably not consciously 

controlled beyond avoiding extremes, but should vary according to the 

knappers' habits of work and preferred tools. A change of tools may 

unintentionally change scar size and possibly other attributes of 

execution in knapping, just as Hardin (1977) found tool changes to 

affect execution and form of attributes in pottery decoration. 

A number of other attributes wh1ch were less readily 

quantifiable were also tried but not used in the final analyses (see 

Appendix A). These included subjective judgments of symme~ry and 

quality of work on a three-point scale. Other observations were made 

and sometimes referred to, but were never quantiried or ranked. These 

include observations of the degree to which platform remnants along 

edges had been trimmed off and the edges regularized. These were much 

less manageable than the more quantifiable attributes, and were not 

pursued. 

Flake Scar Orientation Measurements. 

This aspect of the work was stimulated by Gunn's work (1975, 

1977), in which he attempted to distinguish individual knappers on the 
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basis of consistent patterns in the orientation of flake scars on 

percussion bifaces. Gunn used a laser diffraction apparatus which 

passed light through a photographic negative of a drawing of the scar 

pattern on each face of a biface. This formed a spectrum on which light 

coming through flake scar outlines could be divided into intervals 

according to the orientation of the lines. He could then attempt to 

distinguish knappers on the basis of tendencies to cluster scar 

orientations in one or several intervals, and the consistency with which 

they did so. He was fairly successful in distinguishing bifaces made by 

five modern knappers and one prehistoric cache set, althou~ there was 

consistently some overlap. Hartman (1975) used a similar procedure to 

separate several sets of prehistoric points, which were considered to 

represent different individuals because they were from different sites. 

The procedures used in studying the Grasshopper points differ in 

some respects from those used by Gunn. His measurement apparatus is 

excessively complex and not generally available. In addition, it 

measures the proportions of scar outlines oriented in each directional 

interval, rather than the direction of individual scars. A more direct 

and easier procedure is to measure the scars themselves on the points 

(Figure 7.13). This was done using a transparent plastiC protractor 

divided into ten-degree intervals. To improve visibility, the scars 

were outlined on the point with soft pencil which could later be 

removed. Scar orientations were measured with respect to the long axis 

of the point. Zero was at the base and 180 degrees at the tip, thus 

scars which slanted upward fell into intervals less than 90 degrees, 

while those running down toward the base measured as greater than 90 
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Figure 7.13 Measurement of flake scar orientation angles. 
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degrees. Only major scars were measured; those less than 2 mm long 

were omitted. Scars along the base were also not measured. These 

measurements were time-consuming, but accuracy and replicability in 

repeated measurements of the same point was high. 

In pressure flaking a paint, flakes are pressed from each edge 

on each facer so four edges were measured on each point. Faces were 

arbitrarily labeled "1" or "2" and points were oriented with tip up and 

edges labeled as they appeared to the observer, that is, the "left" edge 

was on the observer's left. The separation of edges differs from Gunn's 

technique, which treated each face as a whole~ A series of T-tests 

confirmed that scars on the left edges tended to be oriented differently 

from scars on right edges, while right and left edges on one face were 

consistently similar to l'iE.lt and left edges on the opposite face. 

Originally each flake on each edge was recorded separately, but the 

attributes used in analysis combined both right edges and both left 

edges on each point. From the individual measurements of scar 

orientation, it was possible to produce a number of measures for 

describing the variation among points. These follow in many respects 

those used by Gunn. 

Flake Scar Orientation Attributes 

Abbreviations used in tables are indicated in parentheses. Data 

are presented in Appendices Band C. 

~. Mean angles of scar orientation for a) all scars (MA), b) 

left edges (ML), c) right edges (MR). 

Z. Difference in mean angle of scar orientation between edges: 

Mean of Left - Mean of Right (ML-MR). 
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~. Standard deviation of angle of scar orientation for a) all 

scars (SDA), b) left edges (SDL), c) right edges (SDR). 

~. Coefficient of variation of angle of scar orientation for a) 

all scars (CVA), b) left edges (CVL), c) right edges (CVR). 

~. Differenoe in mean angle of soar orientation between faoes, 

absolute value (F1-F2). 

~. Flake scar orientation distributions: for the combined left 

edges and oombined right edges on eaoh point, the percent of total soar 

count falling into each 10 degree interval from 60 degrees to 140 

degrees (L50, L60, ••• L140, R50, ••• R140). 

Of the above, the orientation distributions were used as a 

separate set of data to examine the patterning of scar orientations. 

The rest of the measures formed a separate but paral~el data set. It 

may be seen that the mean angles and differenoes in mean angles describe 

tendencies on the part of knappers to orient the soars on points in 

particular directions, while the other variables refleot the consistenoy 

of the patterning. 

Disoriminant Analysis 

Some of the differences between the sets of points are visual~y 

obvious (Figures 7.1-7.11). The use of a few simple attributes 

distinguishes between many pairs of sets. This has been recognized for 

some time. Brown (1969) used a triangular plot of length, width, and 

thiokness to'separate points from Burial 140 and Burial 76 into three 

groups. Bivariate plots of some attributes show partial clustering of 

the different burial sets. These simple displays oonfirm the basic 

homogeneity and distinctiveness of the sets, and suggest that 
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multivariate procedures should be even more successful. 

The principal statistical technique used in this study was 

discriminant analysis, a statistical procedure which has been used in a 

number of studies of individual variation (Gunn 1975, 1977; Hill 1977; 

Adovasio and Gunn 1977). Discriminant analysis is useful for examining 

the differences between two or more groups of cases, aad identifying the 

attributes which produce these differences. A further use is in 

classifYing new cases into one of the previous groups (Doran and Hodson 

1975; Klecka 1980). A number of common statistical software packages 

include discriminant analysis. I used the BMD package's P7M program 

(Jennrich and Sampson 1981). 

Discriminant analysis produces a series of canonical 

discriminant functions. In efrect, these are axes along which data 

points are located in multidimensional space. These functions, or 

canonical variables, also represent weighted combinations of the 

original attributes. In the first function, the original variables are 

weighted in such a way as to produce the maximum distance between group 

means, or centroids. Each successive function produces the next 

greatest distance with the qualification that it is uncorrelated with 

the previous functions, that is, orthogonal to them. The number of 

functions produced can be equal to the number of original attributes 

used, or one less than the number of groups, whichever is less (Doran 

and Hodson 1975). Frequently the first few functions, or even the f1rst 

two, account for most of the intergroup variance. A plot of the data 

points using the two most important canonical variables as axes is a 

common means of visually presenting the results (see Figure 7.14 and 
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others). 

The BMDP7M program is a stepwise procedure. At each step, the 

attribute with the greatest remaining discriminating power is added, and 

new discriminant functions caloulated. The importance of each attribute 

can thus be roughly gauged by the order in which it is entered, and by 

its F-value, which indicates relative discriminating power. A low value 

of F indicates that a variable adds little to the discriminating power 

of the functions, and BMDP7M does not enter variables with F-values less 

than 4.0 unless specifically commanded to do so. The F-values shown in 

the tables to follow are "F-to-enter" values from the final step and do 

not always completely follow the original order of entry of the 

attributes. 

After each step, all points are entered into the discriminant 

functions, which attempt to place each point in the previously defined 

groups. The classification by the discriminant functions can be 

compared to the known membership of each group, and the percent of the 

data which is correctly classified gives a measure of the success of the 

discriminant functions. The increase in correct classifications at each . 

step (as each new attribute is added) is another gauge of the 

discriminant value of each attribute. In the tables, the percent of 

total points classified correctly at each step is shown. The addition 

of some variables may improve the discrimination (by increasing the 

distance between group means) wh1le forcing the misclassification of 

points which were previously grouped correctly. This may even result in 

a slight decrease in the percent of correct classifications. 

If the groups are truly distinct in terms of the attributes 
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used, the discriminant functions should correctly classiry most of the 

data. Group overlaps can also be examined. At the last step, P7M 

prints a classification table with values for Mahalanobis D-Squared and 

posterior probabilities. The Mahalanobis D-Squared value indicates the 

distance of each point from the centroid of each group, and the 

posterior probability indicates the probability of each pOint being 

judged a member of each group. From this it can be determined which 

points were misclassified into which groups, and two groups whose points 

are frequently confused can be interpreted as similar. The 

relationships between groups can also be seen by plotting points against 

pairs of the most important canonical variables, as mentioned above. 

In using discriminant analysis to deal with archaeological data, 

the usual assumption that the data are a random sample of populations 

with multivariate normal distributions on the discriminating variables 

is frequently violated, but the use of discriminant analysis for 

descriptive and heuristic purposes is still acceptable (Doran and Hodson 

1975:211). In this analysis, many of the attribute measurements do in 

fact approach normal distributions. The transformations involved in 

producing the canonical variates also minimize problems usually caused 

b.1 differences between variables in the measurement scales, and 

intercorrelations of variables. 

There are some interpretive problems with discriminant analysis. 

All cases must be placed with the group whose centroid is nearest. This 

means that even cases that do not fit well into any group must be 

classified with one of the groups. Changes in the cases entered affect 

the relative importance of the attributes. This is because any one 
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attribute may distinguish well between one pair of groups but be useless 

in separating another pair. Both these problems will be discussed 

further as they apply to the Grasshopper data. 

Results: Metric Attributes 

The discriminant analyses using metric attributes will be 

discussed first, beginning with the points from burials and comparing 

the results to those obtained with the experimental sets. This will be 

followed by similar analyses of the flake scar orientation data, and the 

information will then be combined to sort out the different sets and 

support the hypothesis that the work of different knappers can be 

distinguished in them. 

Burial Sets 

Discriminant analyses were performed on several subsets of the 

assemblage of burial points. Table 7.3 shows the order of entry of 

attributes for two runs using all of the burial sets, except Burial 129 

(3 points) which did not seem to form a consistent set, and the odd 

points 29,881 from Burial 323 and 75-11-64 from Burial 588, which were 

consistently misclassified. Removing these points produced only a small 

overall improvement in claSSification, and the order of the attributes 

was only slightly changed. In Run 1, Notch Depth appears as the most 

important attribute in part because it makes a major distinction between 

notched and unnotched points. It was entered before other notch 

variables because it discriminates best among different groups of 

notched points. The importance of Length indicates the notable 

consistency of size within each set and the large differences in Length 
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Table 7.3 

Discriminant analyses of burial paints using metric attributes, Run 1 
and Run 2. 

Order of entry of attributes, final F-value, percent of total N 
correctly classified at each step. Run 1: All burial sets except 129, 
odd paints from 588, 323; N = 90. Run 1a: Same data as Run 1, but 
using only four most important attributes from experimental points in 
Run 6. Run 2: Same data as Run 1, but not using notch attributes. 

Run 1 Run 2 

Attribute F-value $ Attribute F-value % 

1 ND 121.7 22.9 L 24.0 34.9 
2 L 23.8 54.2 L/W 10.0 47.0 
3 L/W 9.4 63.9 w 12.7 50.6 
4 W 12.7 63.9 SS 8.4 61.4 
5 SS 8.1 74.7 MW 7.1 65.1 
6 MW 5.9 78.3 Be 5.0 72.3 
7 Be 4.9 80.4 MW/MT 3.5 73.5 
8 L/NH 4.4 79.5 W/MW 1.3 74.7 
9 MW/MT 2.9 80.7 MT 0.9 79.5 

10 W/MW 1.8 81.9 
11 MT 0.7 83.1 
12 NH 0.6 84.3 

Run 1a 

1 L/W 18.6 31.8 
2 W/MW 10.8 46.6 
3 Be 7.2 63.6 
4 MW/T 4.1 70.5 
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between the different unnotched sets. Run 2 did not use the attributes 

concerned with notching. It is presented mostly for comparison with 

later runs using flake scar orientation data, where presence or absence 

of notching was not involved. The only major change in the 

classifications was that same points from Burial 28-B were contused with 

some of the unnotched sets from other burials. 

Some of the similarities between groups are apparent in the way 

points are classified and misclassified (see also Table 7.15 below). 

The notched points from Burial 588 are very distinctive and are 

correctly classified on the basis of Notch Depth alone. 

Length/Notch Height is the only subsequent attribute which causes them 

to be misclassified, and the addition of later variables reestablishes a 

correct distinction. 

The two sets from Burial 477 are also quickly 

being the longest and the shortest points respectively. 

distinguished, 

(In all these 

runs, five of the short pOints were excluded because Scar Size was not 

measured, but runs that did not use this attribute classiried them 

correctly.) At the end of Run 1, the long and short sets from Burial 

477, the notched and unnotched sets from Burial 588, and the sets from 

Burials 323 and 367 are all correctly discriminated. The notched points 

in Burials 641 and 28-B, and Roam 45 each have one point misgrouped with 

one of the other set~. Eight out of ten points from Burial 76 are 

correctly classified; the other two are grouped with three points from 

Burial 381, which are similar long unnotched points. Burials 450, 381, 

298, and 190, all with similar unnotched points, are slightly mixed but 

all have between 50% and 80% of their points correctly assigned to them. 
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Due to the large number of cases and attributes, and a flaw in 

the P7M program, it was not possible to plot the individual points 

against canonical variates for large runs. The assemblage was 

subdivided into notched and unnotched groups, each of a size which could 

be more readily handled by the computer. 

The unnotched points were examined together in two runs. The 

first used all the unnotched points; the second was reduced by leav1ng 

out the points from Burials 361, 298, and 190. The results were 

essentially the same, but this smaller body of data produced clearer 

results and plots. These runs did not use the three attributes 

involving notching, and both the notched and unnotched points from 

Burials 588 and 450 were included to test the suspicion that, other than 

notches, the points in each set were all very similar. 

Table 1.4 shows the order of entry of attributes, their final 

F-values, and the percent of the total sample correctly classit"ied at 

each step. The relative importance of different attributes is very 

similar to that observed in the runs using all pOints and the notch 

attributes. The five most important non-notch attributes (Length, 

Length/Width, Width, Scar Size, Midpoint Width) are the same, although 

their order varies somewhat. This is to be expected; since different 

attributes distinguish between different groups of points, removal of 

any groups or even single points affects the attributes used. 

Table 1.5 shows the cross classifications and percent of correct 

classifications for Run 3, using all the unnotched pOints plus four 

notched points from Burial 588 and one from Burial 450 included with the 

unnotched specimens. The pattern of misclassifications is similar to 
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Table 1.4 

Discriminant analyses of unnotched burial points using metric 
attributes, Run 3 and Run 4. 

Order of entry of attributes, final F-value, percent of total N 
correctly classified at each step. Run 3: All unnotched sets , from 
Burials 411(long), 411(short), 381, 361, 323, 298, 190, 16, 450, 
588(notched plus unnotched treated as one set; odd points from 323, 588 
not included; N = 55. Run 4: Similar to 3, but without sets from 190, 
361, 298; 588(notched) and 588(unnotched) treated as separate sets; N 
= 43. 

Run 3 Run 4 

Attribute F-value % Attribute F-value % 

1 L 26.0 38.2 L 39.6 55.8 
2 SS 12.8 58.2 L/W 16.5 65.1 
3 L/W 10.5 60.0 SS 14.1 14.4 
4 W 12.9 63.6 MW 9.4 90.1 
5 MW 7.6 74.5 W 8.4 90.7 
6 BC 3.7 80.0 BC 3.6 95.3 
1 MW/MT 1.9 85.5 MW/MT 3.2 97.7 
8 W/MW 0.5 83.6 W/MW 0.7 95.3 
9 MT 0.4 83.6 MT 0.6 93.0 
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Table 7.5 

Classification matrix for Run 3, discriminant analysis of unnotched 
burial points. 

Sets from Burials 477(long), 477(short), 381, 367, 29B, 323, 190, 76, 
588 (notched + unnotched), 450. Odd points from 323, 588 excluded. N = 
55. 

Actual Percent Classed with: 
Set Correct 477L 477S 381 367 298 323 190 76 5BB 450 
477L 100.0 2 0 0 0 0 0 0 0 0 0 
477S 100.0 0 6 0 0 0 0 0 0 0 0 
381 50.0 0 0 3 0 2 0 0 1 0 0 
367 100.0 0 0 0 3 0 0 0 0 0 0 
298 66.7 0 0 0 1 4 0 1 0 0 0 
323 100.0 0 0 0 0 0 7 0 0 0 0 
190 66.7 0 0 0 1 0 0 2 0 0 0 
76 80.0 0 0 2 0 0 0 0 8 0 0 

588 85.7 0 0 0 0 0 0 0 1 6 0 
450 100.0 0 0 0 0 0 0 0 0 0 5 

OVERALL 83.6 
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that obtained in the first two runs using all the burial points. The 

single notched point from Burial 450 is readily grouped with the 

unnotched points, and all the points in Burial 588 form a cluster 

comparable to that of single sets from Burials 477 or 76. One unnotched 

point from Burial 588 was classified with the pOints from Burial 76. 

The points in this run are plotted against the first two canonical 

variables (Figure 7.14). The well defined clusters for Burials 477, 

323, 450, 76, and 588 are delimited, while the other sets show 

considerable overlap. This is however, a two-dimensional plot of a 

multidimensional analysis, and in multidimensional space the sets do not 

overlap as much. 

In Run 4 (Table 7.4) the pOints from Burial 588 were again 

treated as two separate sets. Figure 7.15 shows the canonical variate 

plot for this run. In this discriminant analysis, only three points out 

of 43 were misclassified. Two points from Burial 76 and one from 381 

were interchanged. Before the addition of the last two attributes, the 

only misclassification was the placing of one point from Burial 381 with 

those from 76. The plot (at step 9 in Run 4) shows the final 

relationships between sets. The notched and unnotched sets from Burial 

588 are close together but not overlapping, and were successfully 

discriminated. They are no closer to each other tnan some other pa1rs 

of sets from different burials. 

A further discriminant analysis was performed on the pOints from 

Run 4 in which the discriminant functions were produced without 

reference to the notched points from Burial 588. The functions were 

then used to classify these pOints into one of the existing groups. 
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Canonical Variable 

Figure 7.1~ Unnotched burial points plotted against first 2 canonical 
variables from Run 3. 

Key: A = Burial 477 long pOints, B = ~77 short points, C = 381, D = 
367, E = 298, F = 323. G = 190, H = 76, I = 588, J = ~50. Circled 
points are notched. Overlaps indicate misclassifications. Only 
clearest clusters are outlined. 
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Canonical Variable 2 

Figure 7.15 Selected unnotched burial points plus notched pOints from 
burial 588 plotted against first 2 canonical variables from Run 4 
(metric attributes). 

Key: A = Burial 477 long pOints, B = 477 short points, C = 381, D = 
323, E = 76. F = 588 unnotched points, G = 588 notohed points, H = 450. 
Overlaps indicate misclassifications. 
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This is a common use of discriminant analysis. In this case, only one 

of the notched points was classified with the unnotched pOints from 

Burial 588; the other three were placed with Burial 450. 

Burial 588 illustrates a major problem in discriminant analysis. 

Run 3 can be seen as an argument that the notched and unnotched points 

form one set, while Run 4 and the last test indicate that they are 

separable. A difficulty with the use of discriminant analysis is that 

it tests relationships between 

affected by the choice of 

preselected groups, 

groups. There is 

and results are 

no theoretical or 

mathematical means of determining what degree of overlap or closeness of 

clusters indicates that they should be joined. Cluster analyses which 

divide a data set into related groups are not so good for examining the 

variables used, and suffer from the same lack of a theoretical rational 

for interpreting groups at different levels. Wherever there is any 

resemblance at all, items can be grouped together, and subgroups are 

likely to show some overlap. The notched and unnotched points from 

Burial 588 have been shown to group together according to some tests, 

and separately according to others. Which tests do we believe? How 

significant is the overlap among other sets of unnotched burial points, 

or for that matter, the greater separation of the notched sets? This is 

a major methodological problem to which I will return. 

A similar discriminant analysis was performed using only notched 

sets from Burials 641, 588, 28-B, and Room 45, and using all attributes. 

The single notched point from Burial 450 was not included. The 

attributes entered are shown in Table 7.6, Run 5. The importance of 

attributes was quite different from the other runs. Length and 
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Table 7.6 

Discriminant analyses of notched burial points and experimental points 
using metric attributes, Run 5 and Run 6. 

Order of entry of attributes, final F-value, percent of total N 
correctly classified. Run 5: Notched sets from Burials 641, 588, 28-B, 
and Room 45; N = 32. Run 5a: Same data as Run 5 but using only four 
most important attributes from experimental points in Run 6. Run 6: 
Experimental sets by 5 knappers; N = 29. 

Run 5 Run 6 

Attribute F-value % Attribute F-value % , Be 19.2 56.2 MW/MT 6.8 44.8 
2 ND 10.1 71.9 Be 8.3 62.1 
3 MW 4.9 75.0 W/MW 6.3 79.3 
4 NH 3.5 81.2 L/W 8.1 82.8 
5 L 2.6 84.4 ND 4.8 89.7 
6 L/NH 4.4 87.5 L/NH 1.4 89.7 
7 MW/MT 3.4 87.5 MT 1.6 93.1 
8 L/W 1.0 87.5 W 1.6 93.1 
9 MT 0.3 87.5 NH 0.6 89.7 

10 SS 0.1 90.6 SS 0.3 89.7 

Run 5a 

1 Be 19.2 56.2 
2 MW/MT 7.9 62.5 
3 L/W 4.0 71.9 
4 W/MW 3.0 81.2 
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Length/Width were reduced in importance because all the sets except that 

f'rom Burial 588 are similar in size. As noted earlier, Notch Depth 

distinguishes well among different sets, as do the two attributes 

measuring the pOSition of the notch. Basal Concavity was surprisingly 

useful among the notched points. 

The notched points from Burial 588 are distinctive and were all 

classified correctly. The other three sets show sane resemblances to 

each other, and while all of the pOints from Room 45 were correctly 

classif'ied, one point from Burial 641 and one from Burial 28-B were 

misgrouped with them. Burial 28-B also had a point misclassified with 

those f'rom Burial 641. Of the total 32 paints, only three were 

incorrectly classified by the disoriminant functions. 

The disoriminant analysis of burial points oonolusively shows 

that the sets are internally consistent but different from each other. 

Differenoes in size and proportion as well as details such as depth of 

notching and basal conoavity serve to distinguish groups of points. It 

must now be shown that such attributes can indeed be used to separate 

the work of known individuals. 

Experimental Sets 

The five sets of points made by known modern knappers were 

treated in the same way as the burial sets, using the same discriminant 

analysis program and the same attributes. Before these results are 

described, there are some overall diff'erenoes between the arohaeological 

sets and the experimental sets which should be mentioned. 

In spite of the care taken to standardize the template and 

prooedure, the experimental points are in some respeots not very good 
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replications of the template. However, the divergence is systematic and 

illuminating, and does not interfere with the use of these points in 

testing for individual differences. 

Figure 7.12 shows two representative points from each knapper. 

Almost all of the pOints were too large, at or beyond the extreme range 

for Grasshopper in length, width and thickness. This results from the 

knappers' unfamiliarity with the production of such small, thin points. 

Like most modern knappers, all had more experience in working with 

bifaces and larger points. All found working with small points slightly 

clumsy, and thinning a bit difficult. Moreover, all had a systematic 

reluctance to select flake blanks which were small enough to start with. 

This often meant that excessive thinning was necessary to approach 

template dimenSions, and a number of points broke during thinning. 

Knapper 4's high success rate was partly due to a tendency to make 

points with the greatest thickness to width ratios, reflecting the 

failure to thin adequately. 

Even imitating a single point, the five knappers produced 

distinctive sets. Some of the distinctions are visually apparent in 

Figure 7.12 and include attributes such as edge curvature which were not 

studied. Attributes which were tested also show the distinctions very 

clearly. The divergence of the knappers, even in copying a single 

template, indicates the strength of individual habits, perceptions, and 

tastes. 

The discriminant analysis of the experimental point sets is 

described in Table 7.6, Run 6, for comparison with its nearest analog, 

the notched burial sets. The overall discrimination was excellent; the 
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sets were consistent and distinctive. At the end, only three points out 

of 29 were misclassified, two pOints by Knapper 4 and one by Knapper 2 

incorrectly assigned to Knapper 5. 

The use of discriminating attributes in the experimental sets 

di~~ers from all the runs involving archaeological sets. There are 

several reasons. First, there is greater variability within sets in the 

experimental data, decreasing the discriminatory value of same 

variables. Length in particular became completely useless, as it varied 

as much within sets as between them. Second, the relative importance o~ 

each attribute is strongly affected by changes in the cases analysed, as 

is apparent in the analyses of the burial sets. This is an inescapable 

problem of discriminant analysis. Any two separate sets o~ data will 

dif~er somewhat in the selection o~ attributes which distinguish best 

between subsets. Some dif~erences in the attributes which discriminated 

among burial sets and experimental sets was inevitable, and the more 

notable ~act is that the same kinds o~ attributes o~ ~orm, and some o~ 

the same individual attributes, work equally well to distinguish sets in 

both burial and replicated material. 

The plot in Figure 7.16 is of a di~ferent discriminant analysis 

run which included the four notched points from Burial 588. These 

points were included because one was the template used in making the 

experimental sets, thus this set was a logical one to compare to the 

experimental sets. The final classi~ication in th1S run was 90.9% 

correct, with the same three pOints misclassified in the same way as in 

Run 6. The addition of another set o~ points ~~ected the use o~ the 

attributes somewhat, most notably by making Length and Mid-point 
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Canonical Variable 2 

Figure 7.16 Experimental points plus notched points from Burial 588 
plotted against first two canonical variables of discriminant analysis. 

Key: 1 to 5 are Knappers 1 to 5, 6 = Burial 588 notched points. 
OVerlaps indicate misclassifications. 
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Thickness the most important attributes, as they distinguished well 

between Burial 5BB and the experimental sets. The plot shows the 

relationships between experimental sets, which remained the same with or 

without the addition of Burial 5BB. The clear separation of Burial 5BB 

from all the experimental points is also visible. Most interestingly, 

the clusters are all very similar in size and shape, another indication 

that the burial sets can be profitably considered as individual 

knappers' sets. 

Metric Attributes: Conclusions 

Both the sets of pOints from Grasshopper burials and the 

replicated sets show considerable internal consistency and inter-set 

divergence on the metric attributes analysed above. There are some 

differen~~s in the relative importance of the attributes from run to run 

within the burial set analyses, and between the burial set analyses and 

the eA~erimental set analyses. Some of the reasons for this have been 

mentioned above, and it is also useful to examine the behavior of some 

of the attributes. 

Notch Depth is the attribute with the highest F-value in any run 

(in Run 1, Table 7.3). When all the burial sets are considered, Notch 

Depth separates notched from unnotched pOints and also distinguishes 

between some of the notched sets. It is of less use in discriminating 

between the experimental sets, all of which have notches. 

Length is consistently the attribute with highest discriminatory 

value in runs using only unnotched burial sets (Runs 3, 4), and second 

when all the burial sets are considered (Run 1). The unnotched burial 

sets are fairly consistent within each set, and vary greatly between the 
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extremes of Burial 76 and Burial 477 (Figures 7.1, 7.7). Length does 

not discriminate well between the unnotched burial sets, whose-points 

are all similar in size (Run 5). It also does not discriminate well 

between the experimental knappers (Run 6). The attempt to replicate a 

single template limited the acceptable size range, and there is as much 

variation in Length within sets as between them. When the template set 

from Burial 588 was analysed with the experimental sets, Length was 

important because it discriminated between Burial 588 and the generally 

larger replications. 

Width is fairly useful if many sets are compared (Runs 1, 2), 

giving the maximum range of variation between sets. Many of the sets 

are of similar width, so ti is less useful in more limited analyse such 

as Run 5, using only notched pOints, where it was not even entered. 

Mid-point Width discriminates better between the notched points and is 

of some value in other runs. Neither width attribute discriminates well 

among the experimental sets. 

Mid-point Thickness has a conSistently low value, probably 

because it varies within a narrow range. It does distinguish between 

burial points and the generally thicker replicated sets, but not among 

sets in either burial or experimental data. 

Basal Concavity depth is consistently poor except in Runs 5 and 

6, where it discriminates well among the different sets of notched 

burial points and the sets by the modern knappers. Notch Depth has 

already been mentioned, and Notch Height added little to Run 1 after 

Notch Depth was chosen to separate notched from unnotched pOints. Notch 

Height does distinguish some of the notched burial sets, but not as well 
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as Notch Depth, and it is not very usef'ul in discriminating among the 

experimental sets. The ratio of' Length/Notch Height is not of' great 

val ue in any run. 

The ratio of Length/Width discr~nates f'airly well between most 

sets except the notched burial sets. The other two ratios, 

Width/Mid-point Width and Mid-point Width/Mid-point Thickness, 

distinguish diff'erent experimental sets but are relatively unimportant 

in the burial set runs. 

Finally, Scar Size discriminates well among some of the 

unnotched burial sets, but very poorly among notched sets from burials 

and replications. 

I have discussed the individual variables at length in order to 

clarity several aspects of' this analysis. First, the relative 

discriminatory value of' dif'f'erent attributes varies depending on the 

input of' sets. For instance, some pairs of' sets differ greatly in point 

lengths, others have points of similar size which are not readily 

diff'erentiated on the basis of' length. 

Most of the attributes were of' some use; most distinguished at 

least some sets. Those with low ranges of variation such as Mid-point 

Thickness were the least likely to discriminate in any analysis. 

Most importantly, the discriminant analysis of' the experimental 

sets confirms that attributes of form distinguish the products of known 

individuals. This is true even though these individuals were attempting 

to copy a single template. All produced consistent and distinctive 

variations on the model. 

The attributes which discriminate best among the modern 
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knappe~s' points are not always the best discriminators among burial 

sets. The discussion of individual attributes shows why this is so; 

the attributes of most importance vary with the input of different sets. 

This is true for different groups of burial sets as well as in comparing 

burial sets to experimental sets. 

Nevertheless, the attributes which discriminated best among 

burial sets also distinguish burial sets, although they were 

overshadowed by more powerful discriminators in the original runs. TWo 

runs of burial data were performed using only the four attributes which 

distinguished best among the experimental sets (MW/MT, Be, W/MW, L/W). 

The first analysed all the burial pOints (as in Run 1) and the second 

analysed only the notched sets (as in Run S). These are shown as Run 1a 

and Run Sa on Tables 7.3 and 7.6. Run 1a achieved a 70.S% correct 

classification of the 90 points in 14 sets, and Run Sa classified 81.2% 

of 32 pOints correctly into four sets. 

The fact that the same attributes distinguished both individual 

sets by experimental knapperG and burial sets is impor~ant. It strongly 

supports the hypothesis that the burial sets represent individual 

knappers. Furthermore, the variation in the importance of the 

attributes in all the runs does not appear to be of major significance. 

The first few attributes in all the runs contribute most of the 

discriminating p~wer, and the others add much less. However, many of 

the attributes which appear weak in comparison to others actually 

discriminate almost as well when the slightly better attributes are 

removed. 

The burial sets proved to be internally consistent and 
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distinctive in many attributes of form. The experimental sets made b,y 

known individuals are also consistent and distinctive, although the 

relative importance of the discriminating attributes is somewhat 

different. However, the same kind of attributes, attributes of form, 

and even some of the same specific attributes, can be used to 

successfully discriminate both burial sets and experimental sets. This 

is good evidence that the formal variation among burial sets represents 

the stylistic choices and idiosyncratic habits of different knappers. 

The attributes discussed so far are all, except for Scar Size, 

attributes of form which are at least partly under the conscious control 

of the knapper. In spite of this, there is distinctive and consistent 

variation between the work of five knappers who were trying to duplicate 

not just a type of pOint, but a single specimen. Evidently strong 

idiosyncracies countered the stated goal of copying the template, 

although it is impossible to_say how much was intentional "improvement" 

and how much was unconscious habit or ability. It seems unlikely that 

any two or more knappers could collaborate to produce sets as consistent 

as those from the Grasshopper burials, so the hypothesis of different 

craftsmen is again supported. 

It is more difficult to rule out the possibility that a single 

knapper might produce more than one point form. It is not hard to add 

notches or intentionally make larger pOints. In Burial 588 at least, 

there is a suggestion that both notched and unnotched points of similar 

form should be considered the work of one knapper. The contextual 

separation of the sets and the relatively small size of the sample of 

sets may reduce the probability that any one knapper is represented 



200 

twice. The flake scar patterning attributes are probably not 

consciously controlled by the knapper and are unlikely to change 

greatly, even if the same knapper makes different point forms. The 

flake scar data will be investigated next. 

Results; Flake Scar Qrientation 

In contrast to the attributes of form examined above, flake scar 

orientation patterns in the Grasshopper assemblage are unlikely to have 

been under the conscious control of the knapper, and should represent 

consistent habits and motor patterns which should be different from 

knapper to knapper. Individual differences in flake 

have been previously demonstrated using both 

archaeological data (Gunn 1975, 1977; Hartman 1975). 

scar orientations 

experimental and 

It is true that 

on the finest pOints, some effort would have been necessary to achieve 

the very even flake scar patterns. The regular pattern of the scars may 

be conscious but the knapper is unlikely to be aware of the actual 

patterning of the orientation of the scars, beyond striving for 

regularity. 

As described earlier, the flake scar orientation measurements 

produced two bodies of data, one in the form of summary statis~ics and 

one in the form of distribution patterns of scars falling into 10 degree 

intervals of orientation. These will be dealt with side by side. 

Burial Sets: Attribute Behavior 

A series of discriminant analyses similar to those described 

earlier were performed using flake scar orientation data. Although no 

measurements reflected the presence or absence of notches, in some runs 
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the data were subdivided into these groups for easier comparison with 

the metric data runs. The best runs are summarized in Tables 7.7 to 

7.12. A few salient facts appear. 

In general, the discriminating power of any one attribute is 

small, especially the intervals of flake scar orientation used in Runs 7 

to 12. In the analyses using flake scar orientation summary statistics 

(Runs 13-18) the F-values are slightly higher. The single most 

discriminatory attribute proved to be the difference between the mean 

scar angles of left edges and right edges (ML-MR). This was not used in 

the analyses tabulated here because it was a direct linear combination 

of two other attributes, and in trial runs which used it, it merely 

replaced them without affecting results. 

The final classifications produced by the discriminant functions 

are not as successful as those using metric data. The percent of 

correct claSSifications at the final step does not exceed 70% except for 

runs using only the subset of notched points. All of the runs using 

metric data achieved claSSifications better than 80J correct. The flake 

scar angle data is probably more subject to measurement error and random 

variation due to mistakes by the knapper and irregularities of raw 

material, tools, and human motion, all of which might produce greater 

randomization and overlap between groups which are actually distinct. 

The possibility that the flake scar orientation patterns indicate point . 
groups different from those indicated by the metric data must also be 

considered. 

The scar orientation intervals do not show much clear patterning 

in their use as discriminatory attributes. Left edges and right edges 
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Table 7.7 

Discriminant analyses of burial points using flake scar orientation 
intervals, Run 7 and Run 8. 

Order of entry of attributes, final F-value, percent of total N 
correctly classified at each step. Run 7: all burial points except 
129; 588 treated as one set, odd points in 323 and 588 included; N = 
87. Run 8: Unnotched burial points plus notched pOints fran Burials 
588, 450; Burial 588 as one set, odd points included; N = 59. 

Run 7 Run 8 

Attribute F-value % Attribute F-value $ 
1 L100 11.5 R70 4.0 18.6 
2 R100 26.4 L80 3.3 30.5 
3 R110 36.8 R100 2.7 42.4 
4 L110 43.7 R90 2.5 47.5 
5 R70 49.4 L130 2.3 45.8 
6 L130 51.7 L90 1.6 49.2 
7 R90 49.4 R130 1.3 54.2 
8 R120 51.7 R140 1.3 54.2 
9 L70 54.0 L120 1.0 61.0 

10 L50 55.2 L70 1.0 59.3 
11 L120 58.6 R80 0.8 64.4 
12 L90 58.6 R110 0.7 67.8 
13 L80 62.1 R120 1.5 66.1 
14 L60 64.4 L50 0.7 64.4 
15 R50 60.9 L110 0.6 66.1 
16 • Due to program problems, it L100 0.8 64.4 
17 was not possible to complete L60 0.7 64.4 
18 this run, and final f-values R50 0.5 64.4 
19 were not obtained. L140 1.7 62.7 
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Table 7.8 

Disoriminant analysis of seleoted burial points using flake soar 
orientation intervals, Run 9 and Run 10. 

Order of entry of attributes, finalF-value, peroent of total N 
oorreotly classified at eaoh step. Run 9: Seleoted burial sets, from 
Burials 76, 190, 298, 323, 381, 450(short only), 588(notohed and 
unnotohed treated as one set); odd points from Burials 323, 588 
inoluded; N = 54. Run 10: Same as 9 l:wt without Burial 190; N = 51. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Attribute 
R70 
L110 
R100 
L130 
R140 
L100 
R130 
R90 
L120 
R110 
R120 
R80 
L50 
L70 
L90 
L80 
L60 
R50 
L140 

Run 9 

F-value 
4.8 
4.0 
2.9 
2.6 
1.7 
1.5 
1.4 
1.4 
0.9 
1.0 
0.9 
1.4 
0.7 
0.6 
0.6 
0.8 
0.8 
0.1 
0.5 

% 
20.4 
35.2 
50.0 
44.4 
42.6 
48.1 
48.1 
55.6 
55.6 
66.7 
66.7 
64.8 
63.0 
61.1 
63.0 
64.8 
64.8 
63.0 
63.0 

Attribute 
R70 
L80 
R100 
L13D 
R140 
R130 
'Ll)O 
L50 

.BBo 
L60 
R90 
L120 
R110 
R120 
L70 
L110 
L1()O 
R50 
L140 

Run 10 

F-value 
5.3 
4.8 
3.1 
2.6 
2.1 
1.6 
1.1 
0.9 
0.9 
0.7 
0.5 
0.6 
0.8 
1.6 
0.8 
0.1 
0.4 
0.2 
0.5 

% 
21.6 
41.2 
49.0 
49.0 
51.0 
51.0 
52.9 
52.9 
52.9 
54.9 
58.8 
60.8 
64.7 
60.8 
66.7 

. 66.7 
66.7 
66.7 
60.8 
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. Table 7.9 

Discriminant analyses of selected unnotched and notched burial points 
using flake scar orientation intervals, Run 11 and Run 12. 

Order of entry of attributes, final F-value, percent of total N 
correctly classified at each step. Run 11: Selected burial sets, from 
Buri'lls 76, 190, 298, 450, 477(short), 588(unnotched), 588(notched); 
odd point from 588 included, 588 treated as two sets; N = 39. Run 12: 
Notched burial sets, from Burials 641, 28-B, 588(notched), and Room 45 
cache; N = 32. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Run 11 

Attribute 
L100 
R70 
R100 
L50 
L110 
L120 
R140 
R110 
L130 
R130 
R80 
R90 
R120 
L70 
L90 
L60 
L80 
R50 
L140 

F-value 
5.7 
4.2 
3.3 
2.1 
1.7 
1.6 
1.6 
1.4 
1.5 
1.8 
1.0 
0.9 
1.1 
0.7 
0.5 
0.6 

. 0.6 
0.2 
0.5 

% 
30.8 
41.0 
53.8 
66.7 
71.8 
79.8 
76.9 
82.1 
82.1 
82.1 
82.1 
82.1 
79.5 
79.5 
82.1 
79.5 
82.1 
82.1 
82.1 

Run 12 

Attribute 
L90 
L80 
R100 
R110 
R120 
R90 
L70 
L120 
L110 
R80 
L130 
L100 
L60 
R70 
R130 
L50 

F-value 
11.9 
11.9 
6.9 

10.0 
4.6 
2.4 
4.7 
1.9 
1.4 
1.1 
1.0 
1.0 
0.5 
0.7 
0.4 
0.2 

J 
56.0 
81.2 
87.5 
84.4 
87.5 
90.6 
93.7 
93.7 
90.6 
96.9 
93.7 
96.9 
93.7 
96.9 
96.9 
96.9 
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Table 7.10 

Discriminant analyses of burial points using flake scar orientation 
summary statistics, Run 13 and Run 14. 

I 

Order of entry of attributes, final F-values, percent of total N 
correctly classified at each step. Run 13: All burial sets except 129; 
588 treated as one set; odd pOints in 323, 588 included; N = 87. Run 
14: Unnotched burial sets, plus notched points from 588 and 450; 
Burial 588 treated as one set; odd pOints in 588, 323 included; N = 
58. 

Run 13 Run 14 . 
Attribute F-value % Attribute F-value % 

1 HI. 8.4 26.4 HI. 7.3 29.2 
2 SDR 5.3 34.5 MR 1.5 29.2 
3 CVL 1.6 44.8 CVL 1.5 39.7 
4 SDA 1.9 48.3 SDA 1.5 41.4 
5 MR 2.4 46.0 CVR 2.6 46.6 
6 F1-F2 1.5 49.4 F1-F2 1.6 53.4 
7 CVA 0.2 50.6 CVA 0.1 53.4 

Table 7.11 

Discriminant analyses of selected burial sets using flake scar 
orientation summary statistics, Run 16 and Run 16. 

Order of entry of attributes, final F-value, percent of total N 
correctly classified at each step. Run 15: Selected point sets, fI'om 
Burials 76, 190, 298, 323, 381, 450, 477(short), 588(notched and 
unnotched points treated as one set); odd points in 323, 588 included; 
N = 53. Run 16: Same as 15, but 588 (notched) and 588 (unnotched) 
treated as separate sets; odd pOints in 323, 588U excluded; N = 51. 

Run 15 Run 16 

Attribute F-value % Attribute F-value % 
1 HI. 8.7 43.4 HI. 9.6 41.2 
2 SDA 1.7 35.8 MR 1.5 39.2 
3 CVL 2.1 39.8 F1-F2 1.4 43.1 
4 F1-F2 1.6 49.1 SDR 1.1 41.2 
5 SDR 1.5 50.9 CVL 0.7 47.1 
6 MR 1.2 50.9 SDA 2.5 49.0 
7 CVA 0.1 50.9 CVA 0.1 49.0 
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Table 7.12 

Discriminant analyses of selected unnotched and notched burial points 
using flake scar orientation summary statistics, Run 17 and Run 18. 

Order of entry of attributes, final F-value, percent of total N 
correctly classified at each step; Run 17: Selected unnotched point 
sets, from Burials 190, 298, 381, 450; N = 21. Run 18: Notched sets, 
from Burials 58B(notched only), 641, 28-B, and Room 45 cache; N = 32. 

Run 17 Run 18 

Attribute F-vaiue % Attribute F-value % 
1 CVR 2.3 52.4 CVA 22.7 62.5 
2 F1-F2 2.3 52.4 CVR 3.7 65.6 
3 ML 0.7 61.9 SDL 3.6 71.9 
4 SDL 0.5 66.7 F1-F2 1.7 81.2 
5 CVA 0.4 71.4 ML 1.6 87.5 
6 MA 1.0 76.2 MR 5.0 90.6 
7 MR 0.6 71.4 MA 0.9 90.6 
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are of equal value, and the intervals in the middle of the range 

(80-120), where most scars fall, are as useful as the extremes which 

might be expected to characterize relatively few points or an eccentric 

individual. Runs using flake scar orientation intervals did slightly 

better than equivalent runs using the flake scar summary attributes. 

Among the summary data attributes, there is some patterning. A 

mean orientation is usually the first and often also the second most 

important attribute. Standard deviations, coefficients of variation, 

and the difference between the means of the two faces, all of which 

measure the consistency of the knappers' performance, appear in a 

variety of orders. As with the metric data, the removal of a few 

points, or one set, can have considerable effect on the relative 

importance of different attributes. 

The interpretation of the discriminant analyses in terms of the 

different sets of burial points will be presented shortly, but first it 

is necessary to examine the behavior of the attributes in discriminant 

analyses using the replicated point sets. This will serve both to 

confirm that flake scar orientation patterns can be used to distinguish 

the work of different knappers, and shed further light on the behaVior 

of some attributes. 

Experimental Points: Attribute Behavior 

Discriminant analyses were performed on the five sets of 

experimental points using flake scar orientation a~tributes. In terms 

of discrimination, the results were much better than for the total 

sample of burial sets, and similar to the two analyses using notched 

sets only. Tables 7.13 and 7.14 show runs using flake scar orientation 
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Table 7.13 

Discriminant analyses of experimental points using flake scar 
orientation intervals, Run 19 and Run 20. 

Order of entry of attributes, final F-value, percent of total N 
correctly classified at each step. Run 19: Five sets of experimental 
points only; N = 29. Run 20: Five sets of experimental points plus 
template set of 4 notched pOints from Burial 588; N = 33. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Run 19 

Attribute 
R120 
L120 
L70 
L80 
R70 
R100 
R130 
R60 
L90 
R110 
L140 
L130 
L60 
R140 
R80 
L110 
L100 

F-value 
7.5 

10.5 
3.9 
5.5 
2.5 
1.6 
1.3 
1.2 
1.0 
1.1 
0.8 
0.5 
0.3 
0.3 
0.4 
0.3 
0.4 

% 
37.9 
58.6 
75.9 
82.8 
86.2 
93.1 
96.6 
93.1 
96.6 
96.6 
96.6 
96.6 

100.0 
100.0 
100.0 
100.0 
100.0 

Run 20 

Attribute 
L90 
L100 
L80 
R120 
L70 
R80 
R130 
L140 
L110 
R140 
R70 
L130 
R100 
L60 
R110 
R60 
L120 

F-value 
9.2 
4.5 
7.7 
2.6 
3.1 
1.6 
1.4 
1.1 
1.2 
0.8 
0.7 
0.5 
0.5 
0.4 
0.5 
0.2 
0.4 

% 
36.4 
45.5 
60.6 
63.6 
84.8 
81.8 
84.8 
87.9 
90.9 
90.9 
90.9 
93.9 
90.9 
97.0 
97.0 
97.0 

100.0 
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Table 7.14 

Discriminant analyses of experimental points using flake scar 
orientation summary statistics, Run 21 and Run 22. 

Order of entry of attributes, final F-value, percent of total N 
correctly alassified at each step. Run 21: Five sets of experimental 
points only; N = 29. Run 22: Five sets of experimental pOints plus 
template set of five notched points from Burial 588; N = 33. 

Run 21 Run 22 

Attribute F-value % Attribute F-value % 
1 MR 15.0 !'5.2 ML 13.9 33.3 
2 MA 11.2 72.4 MA 9.0 69.7 
3 SDA 1.5 69.0 F1-F2 1.6 69.7 
4 CVR 3.2 82.8 CVA 1.3 75.8 
5 CVL 3.6 82.8 SDR 3.6 78.8 
6 F1-F2 0.8 82.8 CVL 6.0 81.8 
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intervals and summary statistics, both with and without the addition of 

the set of four notched points from Burial 588. In all runs, the 

attributes show patterns of entry and discriminatory power similar to 

the patterns desoribed for the runs using burial points. 

Handedness 

Patterns of flake scar orientation are affected by habits of 

holding pOints and applying force to them in flaking. If flake scar 

angles are not symmetrically distributed on both edges of points, that 

is, if left and right edges differ, it might be expected that 
I 

left-handed and right-handed knappers should produce opposite patterns. 

It has already been stated that while flake scar angle 

distributions were similar on both faces of a point, the left edges 

consistently differed from the right edges. The two curves in Figure 

7.17 show the mean percent of scars falling into each ten-degree 

interval of orientation plotted against the intervals, using the entire 

sample of burial points. The difference between left and right edges is 

immediately apparent; scars on the right edges (mean = 106.6) tend to 

be oriented at higher angles than those on left edges (mean = 93.1). 

This effect is not only apparent for the assemblage as a whole. T-tests 

on 90 individual points from burials showed that for all but 15 of them, 

the difference was significant at the .05 level. In terms of the 

appearance of the pOint, scars on the left edges tend to be closer to 

horizontal, while those on right edges tend to slant downwards slightly. 

This is visible in some of the illustrations. All of the burial sets 

followed this pattern, although it was less distinct in some. In five 

of the eight points from Burial 28-B, and five of six short points from 



~ o 

40 

30 

20 

10 

~ Ledge 

X---K R edge 

,,-
X 

./ 

/ 
/ 

/' 

I 
/ 

I 
I 
I 

I 
I 

I 
I x 

x 
I , 

I " '\ , 
x 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
x, 

..... 

" x 

O~--~-~-~-~-==~~~~--~--~--~------~~~ 
40 60 80 100 120 140 

Intervals (degrees) 

211 

Figure 7.17 Mean percent of scars plotted against intervals of 
orientation for burial points (N = 90). 
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Burial 477, this difference between edges was statistically negligible. 

This is another expression of the individuality of the patterns produced 

by these knappers. 

Among the experimental sets, pOints by Knapper 4, one of the 

left-handed knappers, stood out immediately as following an opposite 

pattern, with scars on right edges close to horizontal and scars on left 

edges slanting down. The three right-handed knappers (1, 2, 5) all 

showed the same pattern as the burial sets, which I will refer to 

hereafter as the right-hanaed pattern. 

Unfortunately the clear -:Jistinction between left and right 

handedness shown by Knapper 4 as opposed to Knappers 1, 2, and 5 is 

confused by Knapper 3, who is also left-handed. Points by Knapper 3 

group with the right-handed products, but tend to be closer to the 

left-handed range of Knapper 4 than points by other knappers. Figure 

7.18 shows these relationships, plotting the mean angles of left edge 

scars against right edge scars. Left-handed Knapper 4 is completely 

distinct; the polygon which encloses 88 burial points also encloses all 

the experimental points except one by Knapper 3, which strays toward 

those of the other left-hanaed knapper. The discriminatory power of 

these two attributes (ML and MR), seen in the discriminant analyses, is 

also reflected here in the tendency of the point sets to form clusters 

even on plots of these two attributes alone. 

Knapper 3 complicates an otherwise tidy picture. This problem 

was not recognized until after the experiment was over, and I was unable 

to make the observations on all the knappers necessary to resolve it. I 

was able to compare what Knapper 3 thinks he does with what I {Knapper 
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Figure 7.18 Mean angles of scars on left edges plotted against right 
edges to show lefthanded and righthanded groupings. 

Key: 1 = Knapper 1; 2 = Knapper 2; 3 = Knapper 3; 4 = Knapper 4; 5 
= Knapper 5; T = Template set from Burial 588. Polygon encloses 
positions of points from burial sets (N = 88). 
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1) think I do, and it seems that the flaking position used by Knapper 3 

differs from that of the other knappers. Figure 7.19 illustrates two 

different positions produoing opposite results. I rotate my wrist and 

flake with a downward pressure, and Knapper 3 holds his hand flat and 

presses away from himself, across his palm. If he were right-handed 

this would slant scars slightly upward on right edges and down on left 

edges, but since he is left-handed, the opposite occurs, and his 

patterns are similar to mine. I was unable to recheck the other 

knappers, but all except Knapper 3 appear to be using the same 

technique, or at least producing results consistent with it. Knapper 3 

feels that his method allows greater force to be applied, necessary for 

the larger Paleo-Indian points with which he has experience. His 

replications were the largest in the experiment, but for the ordinary 

small Grasshopper point, no great application of force is necessary to 

carry scars across the whole face. 

In view of the fact that left-handed and right-handed knappers 

can produce similar patterns, is it possible to distinguish between them 

in an archaeological assemblage? The burial pOints from Grasshopper 

clearly fall with the right-handed pa~tern as observed in my 

experimental sample. Modern human populations have high percentages of 

right-handedness, about 93% in the US (Rife 1940:181). It is unlikely 

that the points at Grasshopper represent the work of a large number of 

left-handed knappers. It is also unlikely that left-handers flaked one 

way, and right-handers another, to produce the same pattern in all 

cases. The odds are best that the assemblage represents a number of 

right-handed knappers. The assumption that all of them used the same 
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Figure 7.19 Two alternate holding positions for pressure flaking which 
produce opposite scar patterns. 

A: MY holding position, with wrist rotated and pressure applied 
downward. 

B: Holding position of Knapper 3 (using right-handed model), with hand 
held flat and pressure applied horizontally across palm (upward on 
point), producing an opposite pattern. 
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pressure flaking technique is supported by the oddS against differences 

consistently cancelling each other, and it is also likely that their 

flintknapping educations were less diverse than those of my five modern 

knappers, leading to greater homogeneity in knapping techniques. 

Because the Grasshopper assemblage is homogeneous in this 

respect, inferences of handedness from flake scar orientations can not 

be used to separate individual knappers in this study. Our ability to 

distinguish handedness is confused somewhat by the effects of different 

flaking techniques. However, the experiment presented here suggests 

that flake soar orientation patterns can be used to separate right and 

left-handed knappers in same prehistoric contexts as well. This 

particular experiment is of course limited to pressure flaking. More 

experimental confirmation is desirable, and a large number of 

measurements on large assemblages of archaeological material is 

necessary to test this further. 

Sorting .Ol.1t. ~ 

The disoriminant analyses described earlier showed varying 

degrees of sucoess in differentiating among the sets of burial points. 

Some sets were best separated by one kind of attribute, while others 

appeared more distinct in different analyses. A oertain amount of 

overlap was present between some sets in all analyses, and some sets 

could be arguably joined or split. From theoretical expectations I have 

argued that the flake scar orientation measUrements laok the dimension 

of conscious oontrol which is present in the metri~ attributes, and 

therefore should be even better tools for discriminating between the 

work of individual knappers. However, the flake scar data showed more 
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random variation, and the discriminant analyses were consequently less 

successful in correctly classifying pOints into their sets. 

Sets which are not well discriminated using one kind of data may 

do better in other analyses, and sets which are truly similar and 

perhaps belong together should show similarities in different analyses. 

Using all the data together, some reasonable statements can be made 

about how ma~ knappers are represented in this assemblage. 

Some overlap will usually be present in discriminant analyses 

even between discreet groups. As I have mentioned, there is no good way 

to decida what amount of overlap indicates a significant similarity. In 

Tables 7.15 to 7.17 misclassifications are compared fer the different 

runs described earlier. The misclassification of single points from 

sets is very common, and also quite changeable depending on the specific 

points and sets entered in an analysis. Cases where two, or rarely 

three, pOints are misclassified from one set into one o~her are marked 

with an asterisk, and considered more noteworthy. These, and 

misclassifications which persist through several runs with changed da~a 

sets may suggest relationships between groups of points. It should be 

remembered that a misclassification means only that a particular point 

is closer to the centroid of a different set than it is to the centroid 

of its own set for the attributes involved. Sets which are dispersed 

will tend to lose members to neighbor sets, and to capture members of 

other overlapping sets. Sets which are consistent form smaller 

clusters, but so do sets with only a few members. 

An examination of Tables 7.15 to 7.17 reveals several general 

trends. Many of these can be clarified by examining sets one at a time, 
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Table 7.15 

Disoriminant analysis misclassifioations in runs using metrio data. 

For eaoh set, all misclassifications are noted. Misolassifications of 
two or more pOints are marked with an asterisk. XXX marks runs in which 
a set was not used. 

Set Run 1 Run 2 Run 3 Run 4 Run 5 

76 381· 381· 381· 381· XXXXX 

190 367 367 367 XXXXXXXXXXXXXXXX 

298 367, 190ii 367, 190ii 367, 190 XXXXXXXXXXXXXXXX 

323 XXXXX 

367 XXXXXXXXXXX~XXXX 

381 298, 76 298, 76, 298·, 76 76 XXXXX 
28-B 

450 367 XXXXX 

477S 641 XXXXX 

477L XXXXX 

588U+N XXXXXXXXXXXXXXXXXXX 76 XXXXXXXXXXXXXXX 

588U XXXXXXXXXXXXX XXXXX 

588N 28-B XXXXXXXXXXXXX 

641 45 45 XXXXXXXXXXXXXXXXXXXXXX 45 

45 28 XXXXXXXXXXAXXXXXXXXXXX 

28-B 45 641, 190, 45 XXXXXXXXXXXXXXXXXXXXX 641, 45 
298, 588U 
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Table 7.16 

Discriminant analysis misclassifications in runs using flake scar 
orientation intervals. 

For each set, all misclassifications are noted. Misclassifications of 
two or more paints are marked with an asterisk. XXX marks runs in Wh1Ch 
a set was not used. 

Set Run 7 

16 323*, 
588U+N* 

190 16 

298 76, 45, 
641 

Run 8 

323*, 
588U+N 

76 

76, 
4775 

Run 9 

323* 

76 

76, 
4775 

Run 10 Run 11 

323* 

xxxxxxxxx 76 

76, 
4775 

76, 
4775 

Run 12 

XXXXXX 

xxxxxx 

XXXXXX 

323 76, 381, 76&, 381·, 76*, 381, 76, 381*, XXXXXXXXXXXXXXXXX 
28, 367, 588U+N* 588U+N* 588U+N* 
450 

367 450 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

381 76, 323 
298 

76, 323 
298 

76, 323 
298 

298, 323 XXXXXXXXXXXXXXXXX 

450 323, 45*, 323*, 381 323*, 381 323*, 381 588U 
381 

4775 381, 641, 381 
477L, 45* 

381 381 298 

XXXXXX 

XXx XXX 

477L XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

588U+N 76, 477L, 450 323, 450 323, 450 XXXXXXXXXXXXXXXXX 
381, 45 

588U XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 450, 588N XXXXXX 

588N XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

641 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

45 298, 28-B XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 28-B 

28-B 190, 45, XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
298 
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Table 7.17 

Discriminant analysis misclassifications in runs using flake scar 
summary statistics. 

For each set, all misclassifications are noted. Misclassifications of 
two or more pOints are marked with an asterisk. XXX marks runs in which 
a set was not used. 

Set Run 13 Run 14 Run 15 Run 16 Run 17 Run 18 

76 323*, 323*, 323*, 323*, XXXXXXXXXXXXXXXXX 
588U+N 588U+N* 588U+N* 588U* 

190 477L 76, 450 76, 450 76, 450 450 XXXXXX 

298 76, 28-B, 76, 323, 76, 323, 76, 323-, 450 XXXXXX 
641, 45 450 450 450 

323 477L*, 298, 477L, 298, 298, 450*, 298, 450, XXXXXXXXXXXXXXXXX 
588U+N, 588U+N, 588U+N, 588N*, 
28-B* 450* 381* 381 

367 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

381 190, 323, 190, 323, 190, 323, 190, 323, 190*, 450 XXXXXX 
298, 45 298, 477L 298, 450 298, 450 

450 588U+N, 588U+N, 588U+N, 190, 381, 381 xxxxxx 
323, 45, 190, 381, 323, 381 588N 
641, 477L 477L 

477S 381, 45 381 381, 298 381 xxxxxxxxxxxxxxxxx 
28-B 

477L xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

588U+N 190*, 323, 367, 323, 450 XXXXXXXXXXXXXXXXXXXXXXXXXXXX 
367, 323, 450 
28-B 

588U XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 323 XXXXXXXXXXXXXXXXX 

S88N XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 588U XXXXXXX 

641 367*, 76, XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 5H8N 
381' 

45 381., 190 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 588N 

28-B 450*, 323, XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXY~XXXXXX 45 
477L 
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and referring to information which was not used in the discriminant 

analyses. 

Misclassifications in Both Metric and Flake Scar Data Runs 

There are very few cases where two sets are confused both in 

runs using metric data and in runs using flake scar orientation data. I 

have previously argued that this would constitute the best evidence for 

assigning two sets to the same knapper. 

Burials 76, 298, and 381 show varying degrees of 

inter classification both in the metric data runs and in one or the other 

of the flake scar orientation runs. The metric data consistently class 

two pOints from Burial 76 with Burial 381, one from 381 with 76, and one 

or two from 381 with 298. All of these are long unnotched points. The 

flake scar orientation data never places points from Burial 76 with 

either 381 or 298, but the orientation intervals and orientation summary 

data put a point from 381 with 298, and a point from 298 with 76. The 

orientation intervals are alone in placing one of Burial 381's points 

with Burial 76. 

In the smaller runs (3, 4, 10, 11, 15, 16, 17) where Mahalanobis 

D-Squared values were obtained for each point, the same points were not 

misclassified by different kinds of data. For instance, in both Run 3 

(metric) and Run 15 (flake scar summary data), a point from Burial 381 

was classed with those from Burial 298, but in each run a different 

point was misclassified. I cannot state that this was always the case 

because it was not possible to identify each misclassified point in the 

larger runs. However, this added evidence of inconsistency in 

misclassification makes it even more likely that the sets are distinct 
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in spite o~ some misclassifications. 

Burials 45 and 28-B are also confused by all sets o~ attributes, 

but with no more than one point misclassified in each direction. Single 

point misclassifications are probably not to be trusted, especially in 

the ~lake scar orientation runs where they are so common. The 

misclassifications between Burials 45 and 28-B are unusual only in their 

persistence across analyses using different kj,nds of attributes. 

The persistence o~ the misclassifications in the cases above was 

not paralleled in the experimental sets, where no m1sclassifications 

were the same in both metric data and scar orientation data runs, even 

when these were considered at early steps, before reaching their f~nal 

high success rates. This supports the possibility that burial sets with 

misclassifications in both kinds o~ data are related. 

Opposing evidence was ~ound in runs which treated the groups of 

sets (76 + 298 + 381, 45 + 28-B) as single sets. In these runs, the 

groups of sets did not behave like coherent sets. They formed large, 

dif~use clusters with many members assigned to other sets. The total 

percent of correct classifications was only slightly lowered, but more 

pOints from these agglomerated sets were misalassiried than prev10usly, 

in spite of eliminating some earlier misclassifications by combining 

sets. Only in the run using flake scar orientation intervals did the 45 

+ 28-B group hold together. Here, 14 of the 16 points were correctly 

classified, by ~ar the best that any o~ these two groups of sets did in 

any of the three runs using them. 

Both groups of sets show similarities between constituent sets 

both in attributes of ~orm and attributes of execution. Once again, it 
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is a question of deciding how much similarity is necessary to interpret 

sets as related. In spite of its homogeneity, Burial 76 has ten points 

and produces a large cluster. Burials 298 and 381 have fewer points but 

are less consistent and form large diffuse clusters, with many 

misclassifications and overlaps. At this point, it seems better to 

argue for five different sets by five different knappers, than five sets 

by two different knappers. Similarities might result from common 

sources of kn~wledge, as well as the mechanics of statistical analysis. 

M!sclassifications Using Only Scar Orientation Data 

There are several sets of pOints which 

consistent misclassifications in the runs which 

show frequent and 

involve flake scar 

orientation data. Some Similarity between runs using flake scar 

orientation summary data and those using the orientation intervals is 

expectable since the two data sets are related. A few of the consistent 

misclassifications involve several points, and should be examined. 

The most outstanding is the persistent interchange of points 

between Burials 76, 323, and 588. In spite of the apparent similarity 

between Burials 323 and 76 in scar orientation, it is unlikely that 

these two sets are actually related. The illustrations of these sets 

(Figures 1.4, 7.1) show that they are grossly different in form. The 

pOints from Burial 76 are the best made of all the sets, extremely flat 

and thin, with carefully finished bases and edges, and very even flake 

scars. Those from 

measurement, and in 

323 

terms 

in contrast aI'e quite thick, both by absolute 

of their Midpoint Width/Midpoint Thickness 

ratiOS. They are asymmetrical in forn., with jagged untrimmed edges, and 

irregular flaking. As a knapper, I do not think that the pOints from 
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Burial 323 would be made by the knapper of Burial 16, even carelessly or 

in haste. It is possible that the two sets represent the work of one 

knapper as a beginner and later as a master, with his skill improved but 

his work habits unchanged. The more likely explanation is that both 

sets form large clusters by virtue of having many members (76:10, 323:8) 

and because 323 in particular is a highly variable set which overlaps 

with several other clusters when flake scar data is used, but is 

completely distinct in the form of the points. If Burial 323 is removed 

from the analysis, as in Run 11, Burial 76 appears much more distinct. 

The confusions between Burials 588 and 323 can be similarly dismissed. 

Th~ interchange of poin~s between Burials 76 and 5HS could 

suggest a more plausible r'elationship, judging by the form of the 

pOints. The difficulty of deciding whether to separate notched and 

unnotched points into two sets within Burial 588 has already been 

discussed using the metric data. Similar difficulties are seen in the 

flake scar data. When the notched and unnotched points are treated as 

separate sets, they fall close together and occasionallY exchange points 

(Runs 11, 16). When treated as one set they form a larger cluster, with 

more misclassifications. This probably explains confusion between 

Burial 588 and Burials 76 and 323 in runs using flake scar data. 

The kind of misleading misclassification seen among Burials 76, 

323, and 588 suggest that misclassifications in the flake scar 

orientation runs are not as useful as one would like. The others 

involve only one point at a time, or are unstable as the data change, 

suggesting that most represent overlaps of analytical clusters without 

much real similarity of sets. 



I have been discussing each set as a whole, 

relationships between whole sets when they seem to 

overlaps and misclassifications in discriminant analysis. 
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and examining 

be implied by 

It could be 

suggested also that some sets were produced by more than one knapper, so 

that only part of a set is actually related to another set or part of a 

set. The homogeneity of most sets suggests that this is unlikely, 

especially the homogeneity in flake scar orientation. Furthermore, it 

would imply an extremely narrow range of variation between knappers at 

one point in time, or actual attempts to imitate the work of others or a 

single template, or knappers working together to produce sets which are 

compatible not only in form but in flake scar patterning. Given the 

disparity between the replicated points made by knappers who were 

copying a single template and in some cases working together, the 

presence of more than one knapper's work in a consistent set can 

probably be dismissed. There remain two burials (323, 588) which 

include single points which are not Similar to the rest and are 

frequently not classified with them in discriminant analysis. Single 

points cannot be treated as sets, so it is even harder to test their 

relationships than in the case of the notched and unnotched points in 

Burial 588. The question of Burial 140, which has many sets, and other 

possibly mixed assemblages will be treated in the next chapter. 

Sets Individually Evaluated 

The burials which have been analysed so far can now be evaluated 

one by one. 

Burial~. This burial contained ten very consistent points in 

the finest of the burial sets. In form and flake scar orientation, 
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these pOints bear some similarities to poin~s from Burials 381 and 298. 

These may be enough to suggest that one knapper produced all these sets, 

but more likely result from the size of the set in Burial 76 and the 

inconsistency of those from 298 and 381. Resemblances to points from 

Burial 323, based on discriminant analyses of flake scar orientation 

data, can be dismissed. A relationship to Burial 588 is more plausible 

but also unlikely. 

Burial~. There were originally five points with this burial, 

of which four were located, but only three were usable in most analyses. 

The set is thus a small sample, and usually separates well, partly for 

that reason. Some similarity in form to the sets from Burials 298 and 

367, and in flake scar orientation to 76 is seen in the discriminant 

analyses, but 190 can be considered its own set, although not the most 

consistent. 

Burial 29a. Although seven 

burial, only six were located. 

points were reoorded with 

They show some variation. 

this 

In 

discriminant analyses this set forms a diffuse cluster when plotted and 

thus suffers numerous miscl assifi cations. This makes resemblances in 

form and scar orientation to sets from Burials 76 and 381 suspect; the 

misclassifications probably result more from the spread of the cluster 

than from real relationships. The points in Burials 298 also show 

resemblances in form to those from Burials 367 and 190. In spite of 

their variability they are best interpreted as a single set. 

Burial~. Originally ten pOints were found with this burial, 

of which nine were available for study. These form a set of eight 

pOints, plus a ninth which does not appear to be of the same 
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workmanship. The set is extremely distinctive. The eight points are 

thick irregular spikes, asymmetrical and poorly finished. In form they 

do not resemble any of the other points from burials. They form a 

diffuse cluster in discriminant analysis both by virtue of being a large 

set, and because of their inconsistent workmansh1p. This probably 

explains persistent misclassifications between 323, 76, and 588 in 

analyses using flake scar orientation. Burial 323 suffers many other 

less persistent misclassfications as well. 

Burial 362. There were five points found with this burial; 

three were available for analysis. These pOints are a small set, but 

also consistent in form and flake scar orientation. For these reasons, 

they are almost always correctly classified in discriminant analysis. 

Burial~. This set contains six points, which are visually 

consistent, but actually show considerable variation both in some metric 

attributes and in flake scar orientation. Resemblances to sets from 

Burials 298 and 76 have already been remarked, and there are 

occasionally other misclassifications in discriminant analysis. In 

form, the 381 pOints are similar to those from Burial 76, but not their 

equals in quality or consistent workmansh1p and only one point is 

consistently misclassified with Burial 76 in runs using flake scar data. 

Burial~. In addition to six points, there were two small 

bifaces and a thick stemmed point which were not used in any analyses. 

Of the six points, one was unfinished, and was only used in flake scar 

orientation analyses. The other five were four unnotched triangular 

points and a notched form. These were always treated together. The 

conSistency of the set is low, as is apparent in numerous 
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misclassifications in the discriminant analyses using flake scar data. 

It does, however, have a consistent "feel" to it which is supported in 

analyses using metric data. This is because all the points are 

relatively thick, with very little basal concavity. There is also an 

unusual number of small step terminations, partly due to the thickness 

of the points. The notched point appears to belong with the others. 

Burial~. This burial contained 13 points, of which two were 

long, well made unnotched triangular forms, and 11 were short stubby 

points of poor workmanship. Some of these short points were not used in 

analysis because flake scars could not be counted or measured 

accurately. Two distinct sets are involved here. The two long points 

form such a small set that the discriminant analyses are not very useful 

in analysing their relationships. In form and treatment they resemble 

some of the speCimens from Burial 381. 

The short points are fairly consistent and quite distinct from 

other sets. The eight chert pOints are mostly just trimmed to shape, 

with large areas of original flake surfaces remaining. The three 

obsidian points are more completely flaked, probably because it is 

difficult to detach thin flakes from the small obsidian nodules used at 

Grasshopper, and they thus required more thinning. Alternatively, they 

could perhaps be interpreted as a set of different workmansh1p. This 

was not tested as it was hard to make accurate measurements of flake 

scars on these points. All of the points show the same irregularity of 

form and flaking, and careless edge trimming. The absence of such short 

points in other burials also argues for a Single origin. They could be 

the work of an unskilled knapper, or points made with minimal effort by 
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any knapper. These points are so simple that they could have been made 

b.Y any of the knappers of other sets without necessarily revealing their 

relationship. 

Burial saa. There were nine points recorded with this burial. 

The present sample includes eight points; four are notched and four are 

unnotched, of which one is a short unnotched point which does not appear 

to be related to the other points in form or flaking pattern. When the 

notched and unnotched points are treated as a single set, they generally 

do well in the runs with metric data and are a r.ather dispersed cluster 

in runs with flake scar data. As separate sets, they form two tighter 

clusters, close to each other, and sometimes exchange points in 

classification. The interpretation that they are all the work of one 

knapper is supported b.Y data whiCh was not quantit"ied, or is only partly 

reflected in the attributes used in discriminant analysis. All are 

relatively large in width and length, and have similar lenticular cross 

sections. The treatment of the bases is Similar, with deep concavities, 

and corners projecting down. The bases were carefully thinned with 

several large flakes. The flaking is careful, with large scars and 

relatively little edge trimming, but the platforms were controlled well 

enough that the edges were not left jagged. In these traits Burial 588 

differs from Burial 76, with which its poin~s are sometimes confused. 

Considering all factors, I prefer to interpret this burial as containing 

the work of one knapper, plus an odd point which can not be reliably 

placed. 

Burial~. Fourteen points were recorded with this burial, of 

which 12 were located. This is a very consistent set which holds 
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together well in most analyses. The points are small and light, made on 

thin flakes. The retouch does not cover the entire surface, often 

because the flake blank was so thin. The tip was usually toward the 

bulb of the flake, and the base toward the thinner distal edge, 

requiring only minimal thinning. Four of the points are made of a 

distinctive red chert, probably from a single nodule. In form and 

t~eatment the pOints from Burial 641 are close to those from the cache 

in Room 45, but they are longer and narrower, and separated readily in 

the metric data discriminant analysis. The analyses using flake scar 

orientation data do not show any similarity between points from Burial 

641 and Room 45. 

Burial ~ Spotted MoUntain Pueblo. Eight pOints were 

collected from this disturbed burial. A fairly consistent set, Burial 

28-B holds together pretty well in most analyses. These points differ 

from their nearest neighbors, Burial 641 and Room 45, in being generally 

thicker and more completely flaked. The treatment of the base, 

placement -of the notch, and ourve of the edges is also distinctive. In 

any case, as these pOints come not from Grasshopper, but from a 

neighboring Site, the odds that they are related to other sets are 

small. 

B22m ~~. These eight points form another quite 

consistent and distinctive set. Similarities between this set and that 

from Burial 641 have been noted above. The points from the cache in 

Room 45, while similar in treatment, have even less regular and complete 

flaking, and show no resemblance to Burial 641 in flake scar orientation 

patt2rns. Although the analyses show some similarities between Room 45 
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points and those from Burial 28-B, the treatment of the two sets is 

different, and the misclassifioations are probably not meaningful. 

A final appraisal of the number of knappers represented by the 

burial sets discussed above can now be made. Al~hough there are 

similarities between same sets, I feel that these should be regarded 

with suspicion. If the most plausible are accepted, Burials 76, 298, 

and 381 might represent a single knapper, as do the notched and 

unnotched pOints from BUrial 588. To make an estimate of the minimum 

number of knappers, same less likely similarities could be accepted. In 

this case Room 45 and Burial 28-B could be combined, and the short 

points from Burial 477 could be considered the product of any of the 

knappers represented in other sets. The odd points can be ignored. 

This gives an estima~e of nine knappers represented by one or more sets 

each. 

If each set is considered distinct, there are 14 knappers, plus 

two odd points. These are both short unnotched triangular points and 

frequently were placed with Burial 450 in analysis, but probably 

represent one or two more knappers. 

The best interpretation of the evidence presented combines the 

notched and unnotched points in Burial 588 and suggests that the other 

sets are separate. The odd points must be ignored, as they are too 

small a sample to compare with the others. Thus thirteen knappers seem 

to be represented in the twelve burials. 

Conclusions 

In the foregoing discussion, I have pointed out same of the 

kinds of attributes which may serve to distinguish the work of different 
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individuals. These can be loosely divided into attributes of form and 

attributes of execution. I have argued that these are best tested in 

ethnoarchaeological and experimental settings, and can be seen in the 

archaeological record where limited contexts provide contextual evidence 

for separating artiracts into groups which can reasonably be interpreted 

as the work of individuals. 

The burials from Grasshopper define such limited contexts, and 

contain groups of points which are consistent and distinctive sets. The 

homogeneity and distinctiveness of these point sets was examined using 

discriminant function analyses, and both metric attributes of form and 

patterns of flake scar orientation were found to distinguish different 

sets. These attributes were tested using five sets of replications by 

modern knappers, and similar patterns of internal consistency and 

inter-set distinctiveness were found. The distinctiveness of different 

attributes varied from set to set, but some of the same attributes, and 

the same suite of metric attributes of form served to distinguish both 

burial and experimental sets. Two different descriptions of flake scar 

patterns also distinguished known individuals and burial sets. Analyses 

of attributes of form and attributes of execution thus both support the 

interpretation that different burial sets were the work of different 

craftsmen. Difficulties in separating some sets were also discussed and 

are in part an unavoidable feature of discriminant analysis and other 

statistical techniques. Using the discriminant analyses and other 

information, each burial was evaluated separately. 

The best interpretation of the available evidence is that the 

notched and unnotched forms from Burials 588 and 450 are the products of 
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the same knappers, but the long and short forms in Burial 477 are not. 

The most likely total number of knappers represented is thus 13 knappers 

from 12 burials. 

Some limitations of this analysis should be pointed out. While 

the experimental points supported the hypothesis that the attributes 

used can distinguish individual knapOollrs, different attributes were 

important in comparing different 

analysis was necessary. Most of the 

pairs of sets, and a multivariate 

attributes distinguished between 

some sets, and it was impossible to select a few which were so important 

that they should be concentrated on to the exclusion of others. Some 

which were difficult to quantiIY served to clarify the discriminant 

analysis results, and my list of attributes by no means exhausts the 

possibilities. 

I have stressed the importance of the limited contexts of sets 

in forming the hypothesis that they are the work of different individual 

knappers. Like many hypotheses, this is only a common sense 

interpretation of the data, and the preceding chapter may seem an over 

elaborate support of such a hypothesis. However, the tracing of 

individuals has important potentials in examining social and economic 

structures. Using the best instances to support the notion that the 

many variations of the small triangular projectile point are the result 

in part of many individuals making them allows us to attempt to apply 

this concept in situations which are less secure. 

This chapter has treated the contexts which weore most separable, 

and best suited to the kind of analysis performed. In the following 

chapter, some different problems will be dealt with in examining the 
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pOints from Rooms 28 and 246, and the multiple sets in Burial 140, and 

the difficulties of separating individuals in mixed assemblages will be 

considered. 



CHAPTER 8 

INDIVIDUAL VARIATION IN TWO ROOMS AND BURIAL 140· 

In the previous chapter individual variation was examined under 

the best circumstances ava1lable at Grasshopper, burials containing only 

one or two sets of pOints. This chapter will examine three situations 

which are less ideal; Rooms 28 and 246 wh1ch may have consistent points 

but are not the same kind of limited context as burials, and Burial 140 

where there are a number of sets m1xed together. 

Rooms 28 and 246 

The context of points from these two rooms has been discussed in 

Chapter 4, and their technology in Chapter 6. In both rooms the points 

are consistent in technology and in Room 28 in form as well. Points 

from both rooms were deposited in homogeneous middens containing large 

amounts of lithic waste. There is no reason to suppose that these 

middens represent single dumping events, and they are therefore not the 

same kind of limited contexts as burials. However, they are 

sufficiently distinct that it is worth testing their points in the same 

way for homogeneity and distinctiveness that may indicate individual 

variation. 

The pOints from Room 28 (Figure 8.1) are quite consistent in 

form, but those from Room 246 (Figure 8.2) are much less so. 

Discriminant analyses similar to those described earlier (but using 
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Figure 8.1 Points from Room 28, Level 3. 

A-294l4; A-29434; A-29443; A-29444; A-29450; 
FN 50; A-29359; A-294l7; A-29425; A-29455; A-29457; 

~ ~ 

o , 

o 2cm. 

A-29377; A-29438; A-29448; A-29452; A-29456; A-29440 (obsidian); 
A-29358; A-2936l; A-29382; A-2944l; A-29375 (obsidian). 
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o 2cm. 

Figure 8.2 Points ~rom Room 246, Levels 5 and 6. 

75-11-131; 75-11-134; 75-11-221; 75-11-275; 75-11-16; 
74-13-145; 74-13-170; 74-13-201; 74-13-411; 74-13-491; 
74-13-561; FN 1164; FN 1195; FN 1535; FN 1537; FN 2164. 
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Maximum Thickness as well as Mid-point Thickness, and without Scar Size) 

compared the sets from these two rooms with the largest sets from 

burials. In Run 23, 32 points from all levels of Roam 246 and 19 points 

from Room 28 were compared with the sets of 12 points from Burial 641, 

10 pOints from Burial 76, and 8 points each from Burials '28-B and the 

cache in Room 45. Run 24 used only 16 points from levels 5 and 6 in 

Room 246, to avoid confusion from points that perhaps did not belong in 

the midden. Table 8.1 shows information from Run 24; Run 23 was 

similar except that the pOints from Room 246 were less successfully 

classified. Figure 8.3 shows the points plotted against the first two 

canonical variables from Run 24. The room points form larger clusters 

than most of the burial sets, by virtue both of a larger sample alld a 

greater variability. The diverse forms of point's from Room 246 form a 

slightly less scattered cluster than the relatively consistent points 

from Room 28. The points from Burial 28-B, wh~ch are similar in form 

but vary in dimensions, also form a very loose cluster. These three 

sets of pOints do not classify very accurately, and Room 28 does little 

better than Room 246. In the actual data, the standard deviations and 

coefficients of variation are h1gher on most attributes for Room 246 

than for any of the' other sets, although both rooms tend to be more 

variable than any of the burial sets. 

Of the two kinds of flake scar orientation data, the orientation 

intervals were conSistently more successful than the summary statistics 

in the analyses of experimental sets and burial sets. Only orientation 

interval data were used with the points from Rooms 28 and 246. However, 

mean angles of scars on the left and right edges differed in the pattern 
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Table 8.1 

Discriminant analysis of points from Rooms 28, 246, and selected burials 
using metric attributes, Run 24. 

A. Order of entry of attributes, final F-value, percent of total N 
correctly classified at each step. N = 73~ 

Attribute F-value % 
1 L 32.0 38.4 
2 MW 4.8 54.8 
3 BC 3.9 60.3 
4 MxT 1.6 64.4 
5 MT 1.4 63.0 
6 L/W '.5 65.8 
7 W 2.7 65.8 
8 MW/MT 0.9 69.9 
9 W/MW 1.1 67.1 

B. Classification matrix. 

Actual Percent Classed with: 
Set Correct R246 R28 B641 B76 B28-B R45 

R246 50.0 8 2 2 0 3 1 
R28 52.6 2 10 3 0 1 3 
B641 83.3 0 0 10 0 0 2 
B76 100.0 0 0 0 10 0 0 
B28-B 50.0 0 0 1 2 4 1 
R45 87.5 1 0 0 0 0 7 
Overall 67.1 
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Canonical Variable 2 

Figure 8.3 Plot of first two canonical variables from discriminant 
analysis Run 24, metric attributes, Rooms 246 and 28 plus selected 
burials. 

Key: A = Room 246. B = Room 28 Level 3, C = Burial 641, D = Burial 76, 
E = Burial 28-B, F = Room 45 cache. Misclassifications are not 
indicated by overlaps. 
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that I have called right-handed, although the s~atistical reliability of 

the difference was frequently low for pOints from Room 246. 

A discriminant analysis (Run 25) used flake scar orientation 

intervals to separate the 10 usable pOints from Levels 5 and 6 in Room 

246, 19 points from Roan 28, and the sets of points from Burials 76, 

641, 28-B, and the Room 45 cache (Table 8.2; Figure 8.4). The final 

classification of these 66 points was quite good, better at 77.3% 

correct than many of the runs for burial sets alone, and virtually the 

same as the preceeding run using metric data. Room 28 proved more 

homogeneous than Room 246. The pOints from Room 28 were classified with 

a slightly higher success rate than those from Burial 28-B, and Room 246 

had the lowest percent of correct classifications. The other burial 

sets do better, as might be expected since they include fewer poin~s and 

are more consistent. On canonical plots the points from rooms again 

form tile two largest clusters, with Room 246 somewhat more diffuse. 

The two discriminant analyses above were not entirely 

satisfactory. Both Rooms 246 and 28 are general~y less homogeneous than 

the burial sets which I have argued represent individual knappers, but 

not strikingly so. The main problem is that Room 28, with a fairly 

consistent point form, forms only a slightly better cluster than Room 

246 which contains a diverse group of point forms. 

dimensional and proportional attributes I have used do 

It seems that tne 

not adequately 

reflect some of the relevant variation in this case. The poin~s from 

Room 28 cluster somewhat better than those from Room 246 in the analysis 

using flake scar orientation intervals. This is in spite of the fact 

that flake scar data from 19 points from Room 28 could be used, as 
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Table 8.2 

Discriminant analysis of points from Roams 28, 246, and selected burials 
using flake scar orientation intervals, Run 25. 

A. Order of entry of attributes, final F-values, percent of total N 
correctly classified at each step. N = 66. 

Attribute F-value , 
1 L90 8.3 34.8 
2 R110 8.2 45.5 
3 L80 6.6 54.5 
4 R100 6.1 63.6 
5 L70 3.7 71.2 
6 R140 2.1 65.2 
7 L110 1.7 65.2 
8 R130 1.4 66.7 
9 R80 1.0 72.7 

10 L120 0.9 74.2 
11 L100 0.9 74.2 
12 R70 0.9 74.2 
13 L130 0.8 77.3 
14 L50 0.7 77.3 
15 L60 0.9 78.8 
16 L140 0.7 77.3 
17 R120 0.2 77.3 

B. Classification matrix. 

Actual Percent Classed with: 
Set Correct R246 R28 B641 B76 B28-B R45 

R246 60.0 6 1 0 1 2 0 
R28 68.4 2 13 1 2 0 1 
B641 100.0 0 0 12 0 0 0 
B76 90.0 0 0 0 9 0 1 
B28-B 62.5 2 0 0 0 5 1 
R45 87.5 0 0 0 0 1 7 
OVerall 77.3 
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Figure 8.4 Plot of first two canonical variables from discriminant 
analysis Run 25, flake scar orientation intervals. 

Key: A = Room 246 Levels 5 and 6. B = Room 28 Level 3, C = Burial 641, 
D = Burial 76. E = Burial 28-B, F = Room 45 cache. Misclassifications 
are not indicated by overlaps. 
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opposed to only 10 points from Room 246, a disparity wh~ch should tend 

to increase the spread of the cluster from Room 28 and decrease its 

ability to classify correctly. 

The suggestion from these analyses is that the points from Room 

28 are sufficiently homogeneous and distinctive to form a group 

comparable to those from burials, and are likely the product of a single 

knapper. They vary more than most of the burial sets, but there are a 

number of possible reasons. As the experimental sets show, any knapper 

will show some variation, even in producing a single form. The points 

in Room 28 come from workshop debris and may include some substandard 

points, and they are not from a single event context and may thus 

represent an unknown but relatively longer span in the productive life 

of a knapper. It will later be sugges~ed that some of the burial points 

were made as sets of grave goods, involving a selective process which 

should not be expected in workshop debris, and wh~ch should increase the 

homogeneity and distinctiveness of burial sets. 

The points from Room 246 are much less convincing as the work of 

a single knapper. The metric data failed to express the variety of form 

present in this room. 

but not strikingly 

The flake scar patterns are not very conSistent, 

diverse, so Room 246 appears only slightly less 

homogeneous than Room 28. Room 246 is also the source of the unique 

biface industry, and one might suggest that this room was occupied by an 

exceedingly eccentric knapper with a liking for experimental forms. 

However, the treatment of paints is not consistent and varies in ways 

which do not suggest a single knapper, both when compared to the 

experimental and burial sets analysed earlier, and in light of my 
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subjective impressions as a knapper. In Room 28 the points vary in 

dimension and some in form, but all are similar in treatment, relatively 

small and thick, with biconvex cross-sections, relatively large flake 

scars, and rather careless in details of shape and trim. Although the 

points from Room 246 follow the same technological patterns and the same 

manufacturing sequence as in Room 28 (Chapter 6) the treatment of 

individual points differs greatly. There are three aberrant forms 

(Figure 8.2: FN 1195, 14-13-110, 15-11-131) which all differ in 

workmanship. Some of the points are short and thick, with steep 

irregular flaking (15-11-275, 75-11-221). One (74-13-411) shows large 

regular scars on a thin plano-convex blank and is carefully trimmed, 

while another (FN 1535) is not only on a rather thick blank, but is 

retouched even more steeply than necessary. There are three thin flat 

pOints with flat regular flaking which have unusual high notches and 

wide bases and seem to form the only distinct subset in the room (FN 

1531, 74-13-145, 14-13-201). Although the statistical analysis offers 

only weak support, the points in Room 246 cannot be comfortably viewed 

as the work of one knapper. Unfortunately, the diversity is so great 

and the sample so small that convincing subsets can not be sorted out 

and tested, as will be done for the presumably mixed assemblage from 

Burial 140. It is thus not possible to estimate the number of knappers 

whose pOints are present in Room 246 beyond the strong suggestion that 

there were several. 

Burial 14Q 

Burial 140, a single individual, contained more pointS tnan all 

of the previously analysed sets combined, as well as a large number of 
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other goods (Griffin 1967). All the burials will be discussed more 

fully in the next chapter; for now it is enough to describe the 

arrangement of the points. The large number of points in this burial 

could not be analysed in the same way as the other sets from burials, 

and caused some difficulties both in analysis and in presentation of the 

data. 

There were two distinct groups of grave goods associated with 

Burial 140. An upper group (Level 1) consisting mostly of pottery and 

points lay above the burial. It was either deposited when the grave was 

partly filled or more likely in a new pit dug some time after the 

original burial (Griffin 1967). These artifacts are deflnitely 

associated with the burial as the pit orientations are almost the same, 

and the goods are similar. The bulk of the art1t'acts were directly 

associated with the body in Level 2, and include bone, shell, and 

turquoise items as well as pOints and pottery. Of the puin~s, 54 were 

found in Level 1 and 74 in Level 2. 

The points were distributed from head to foot on and around the 

body and in the related level above. Most of the points were in the 

western halves of both pits, that is, toward the burial's feet. They 

tended to occur in groups (Griffin 1967). The excavators labeled Groups 

1-1 to 1-11 in Level 1, and I added Groups 2-1 to 2-11 in Level 2, using 

their excavation plan. These spatial groups contain from two to 15 

points, and are somewhat subjectively def1ned. In adaition there were 

some points which were not plotted on the plan, or which were isolated 

from all groups. Table 8.3 lists the points by spa~ial groups as 

finally aSSigned. The groups do not form sets comparable to those from 
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Table 8.3 

List of points in Burial 140 by spatial group. 

Tested set membership indicated in parentheses. Point numbers are last 
three digits of ASM catalog numbers in A-28,000 series. 

Level 1 

.Gr.mm .l.:.1 ~.l:.5. ~~ 
804 (E) 792 (E) 798 
809 (B) 793 (EL 814 (D) 
812 (e) 841 815 
813 (P?) 818 (B) 
821 (E) 1!.r.2.lm .l=.6. 825 (D) 
827 (A) 801 (D) 82B (F) 

824 (F) 830 
.Gx.2Jm .l.:2 832 (D) 
796 .G.I=.rum .1:1. 
805 (A) 790 ~ .1:.1D. 
831 795 (e) 797 ee) 

799 B29 (B) 
~.1=3. 80B (A) 837 (A) 
B06 810 (A) 
823 (E) 835 ~1:.11 

820 (A) 
.Gx..o.\m .1:lL ~.ldl. 836 (B) 
816 ee) 791 (A) 842 
817 (G,K) 807 (B) 794 
822 833 B03 

838 

I~Qlst~!l .N2t. .QIl burial JWm 
B02 800 (D) 
826 (e) 811 (M?) 
834 (G,K) 819 
839 (D) 
840 (e) 
843 (E) 
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Table 8.3, oontinued. 

Level 2 

~2=.1. .Gr.2.\m. ..2.::1l. .Gr.olm .z::9. 
846 863 874 (J) 
847 (L) 864 87.5 (K) 

865 876 (J) 
.ar..w.m .2.:Z. 877 (L) 
848 (K) . .G.r.rum .2:.5. 879 
849 860 880 
850 (N) 861 881 
851 (K) 862 (M) 882 
852 (K) 883 
853 (H) ~.2::6. 884 (J) 
854 (H) 894 885 (1) 
855 (H) 895 886 (0) 
856 (H) 896 887 
857 (M) 897 (Q) 891 
858 (K) 898 (Q) 892 (P) 

859 (1) 899 (L) 
889 (K) 904 .Gl:mm .2::lQ 

870 (M) 
~ .2::.3. ~2=I. 888 
900 866 (L) 893 (K) 
901 (K) 867 
902 (N) 868 (P) ~2::.U 
907 (1) 869 (M) 844 
908 903 905 (0) 

909 (J) 906 (L) 
910 (1) ~ 2.::B. 
911 871 (M) Isolated 

872 (J) 890 (M) 
873 (N) 912 (1) 
878 (1) 

N.2:t. .2Il buri al ~ 
913 
914 (J) 
915 
916 (1) 
917 (H) 
918 (0) 
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other burials, although some groups contain some points which are 

similar in ~orm and ~lak1ng. Similar points are frequently scattered 

among a number o~ di~~erent spa~ial groups. Although some disturbance 

~rom natural causes and during excavation is likely, it cannot explain 

the mixing o~ apparent sets o~ points in di~~erent spa~ial groups. Many 

o~ the points are oriented in a single direction within the groups, 

usually pOinting west toward the ~eet, and it seems that tne groups must 

mostly re~lect original positions o~ groups o~ arrows at the time the 

burial was covered. The meaning o~ the groups will be discussed 

~urther; here I am concerned with trying to extend the analysis o~ 

individual variation per~ormed on isolated burial sets to a situa~ion 

where the work o~ many knappers appears jumbled together. 

Separating Mixed Sets 

Cluster analyses are o~ten used to separate groups o~ related 

items ~rom a large body o~ multivariately described specimens (Doran and 

Hodson 1975). This technique has been suggested and applied in attempts 

to study individual variation (Gunn 1975, 1977; Hill 1971). Hil~ in 

particular has used a combination o~ cluster analysis to ~orm groups and 

discriminant analysis to modifY and co~irm them. This approach has 

been used in other typological studies (Doran and Hodson 1975), and I 

~ollowed a similar procedure, although I relied less strictly on the 

quantitative measures o~ the various analyses than Hill. 

Cluster analyses evaluate multivariate similarities between 

cases and group together similar cases. In e~~ect, cases are plotted in 

multidimensional space, using the di~~erent variables and their 

trans~orms as axes. nSimilarityn in these terms then means the distance 
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in multivariate space between cases. A number of different multivariate 

distance measures can be used. The analysis can proceed by adding one 

case to one cluster at each step until all cases are contained in one 

cluster (agglomerative), or by splitting one cluster into two at each 

step (divisive). There are man, different clustering programs 

available; I used the BMDP package. 

Although cluster analyses produce non-subjective groupings whose 

relationships can be quantified, there are a number of difficulties in 

application. The most important is in the interpretation of 

hierarchical groupings and the choice of which of many levels of 

similarity or difference are signiricant. This problem of interpreting 

groups and relationships has been mentioned before. In addition, 

cluster analyses do not provide an easy way to examine the influence of 

different attributes in forming the groups. Most give all attributes 

equal weight, which mayor may not be desirable. It is usually not 

possible to determine which attributes are important at any given level 

of splitting or lumping. 

The sets of points from the replication experiment and the 

burial sets allowed me to tes~ several clustering procedures for their 

ability to reproduce known sets in may data. I tried several variations 

on the BMDP package's P2M and PKM programs. The first (Engelman 19H1) 

is an agglomerative method joining the two most similar items at each 

step to produce a dendrogram. Both centroid and single linkage produced 

similar results with my data. PKM (Engelman and Hartigan 1981) 

partitions a set of data into any specified number of subsets, splitting 

one subset into two at each step. This program does not produce a 
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dendrogram but does provide a crosstabulation al~owing the clusters 

~ormed to be compared to the known sets entered. 

None o~ the cluster analyses was 

them were compared 

very success~ul when the 

to the known sets which had clusters ~ormed by 

previously ~ared well in discriminant analyses. Usi~~ flake s~r 

orientation data, no sets were accurately reproduced ~rom the burials. 

O~ the experimental sets, only that of Knapper 4 whose left-handed scar 

pattern was extremely distinctive was correctly separated; all the 

others were badly mixed. Gunn (1975) produced similar results with a 

cluster analysis of his experimental scar patterns. 

The metriC data cluster analyses o~ both experimental and burial 

points per~ormed somewhat better, sorting out parts of the more 

distinctive sets, but there was still much mixture. The P2M dendrograms 

also showed that sets were not equally homogeneous, that is, some sets 

~ormed clusters at a low level of similarity and had many extraneous 

points added to them before the level at which another meaningful set 

came together. For unknown data this means that there was no way to 

pick any one level of similarity which would yield the most meaningful 

sets with a minimum o~ misgroupings. The low discriminating value of 

individual attributes in these analyses is probably a major reason why 

discriminant analyses work and cluster analyses are less successful. 

Burial 140 Sets 

Despite the failings of cluster analyses evident in their 

application to known data, I attempted both single-linkage and centroid 

linkage P2M analyses of the points from Burial 140 using metric 

attributes. These served as a starting point for further analysis and a 
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control on my non-quantitative sorting of the points into visually 

similar groups. The cluster analyses will not be presented in detail as 

I did not rely on them completely and because the dendrograms are 

excessively large. 

As might be expected, the cluster analyses all produced three 

large subsets: notched points, very short points, and all others. As 

in the discriminant analyses, Length and some notch attribute acted as 

the variables with the greatest discriminating power, reflected in their 

high f-values. Within these three gross subsets, clusters that 

represented major variations of form could be distinguished at different 

levels. In some cases these clusters showed similarities in aspects of 

form and workmanship which suggested the presence of sets comparable to 

those from other burials. Usually there was both an admixture of points 

which seemed different, sometimes greatly so, and separation from other 

points which seemed more similar. In all analyses, about 30% of the 

points were not included in any apparently meaningful clusters. 

The sets which I tested and which are described below were 

formed on three major criteria. First, they have some reflection in the 

cluster analyses. Second, they are modified according to my partly 

subjective additions and subtractions which are based partly on form and 

partly on data such as material, workmansh1p, and edge trim which were 

not quantified. Third, most of them included one of a number of pairs 

of points which I considered def1nitely related because of striking 

similarities in form, treatment, and unusual materials. These pairs 

were considered the most secure and conservative sets, and were never 

split, even in a couple of cases where the cluster analyses did not 
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group the two points closely. Such pairs were not by themselves 

statistically testable, and when no other points could be added to them 

by the clustering or other criteria, they were not used in the 

discriminant analyses. 

This combination of cluster analysis and nonquantiriable 

grouping was necessary for several reasons. Cluster analysis considers 

each attribute to be of equal importance, and an unusual measurement of 

one attribute may serve to separate a point from others which a~'e 

similar in most attributes. It was usually not possible to determine 

which attribute or attributes affected the clustering. I occasionally 

saw the similarities as more important than the differences whiCh the 

cluster program emphasized. Some attributes which I considered 

important were not used in the quantiried analysis at all. These 

include material; r did not attempt to distinguish the many differently 

colored and patterned varieties of Redwall chert in the statistical 

analyses, but refer to them where relevant in discussing a set. I felt 

that unusual and distinctive raw material was good evidence for a common 

origin, especially as it consistently paralleled similarities of form. 

The sets discussed below were not nicely isolated in separate 

contexts, and have been sorted out of a larger assemblage of material. 

Although this makes it harder to argue that they represent the work of 

different individuals, it is worth attempting to do so for two reasons. 

Methodologically, this is the problem that studies of individual 

variation must solve if they are to be most useful. Here we can apply 

criteria which have been tested both on experimental data and on sets 

with contextual evidence. In most archaeological situations 
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contextually isolated sets are rare, and it is necessary to develope 

analytical methods which can sort out at least some of the individual 

variation from mixed assemblages. Such information can be applied to 

typological studies as well as in tracing economic and social 

organizational patterns through the distribution of goods produced by 

different individuals. In the immediate case at hand, it has not been 

possible to connect pOints from different contexts, and no attempt has 

been made to work with the large number of points from other mixed 

assemblages in rooms and trash. However, even a rough estimate of the 

number of knappers contributing points to Burial 140 will prove of use 

in some consideration of the organization of Grasshopper Pueblo, Wh1ch 

is the goal of this study. 

The following sets are illustrated in Figures 8.5 to 8.15. 

Numbers used in text are the last three digits of the Arizona State 

Museum catalogue numbers in the A-28,000 series. Discriminant analyses 

were used to test the sets in the same ways as the burial sets 

previously described. In order to compare the hypothesized sets from 

Burial 140 to those from other burials, sets from Burials 76 and 381 

were analysed with them. These two sets were comparable in size to 

those selected from Burial 140 and resembled some of them in point form. 

They also represented a range of variability from 76 which is very 

standardized in form and clustered tightly in previous analyses to 381 

which shows more variation and formed looser clusters. Analyses were 

performed separately on sets from Level 1 and Level 2. This was 

necessary to reduce the analyses to sizes manageable by the available 

computer facilities, and was justified in light of the contextual 
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Figure 8.5 Points from Burial 1~O, Level 1, Sets A and B. 

Set A: A-28827; A-28805; A-28810; A-28791; 
A-28820; A-28808; A-28837. 

Set B: A-28807; A-28818; A-28829; A-28836; A-28809. 
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o 2cm. 

Figure 8.6 Points from Burial 140. Level 1, Sets C and D. 

Set C: A-28812; A-28816; A-28795; 
A-28797; A-28840; A-28826. 

Set D: A-28832; A-28814; A-28839; A-28825; A-28801; A-28800. 
The last three are obsidian. 
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Figure 8.7 Points from Burial 140, Level 1, Sets E, F, and G. 
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Set E: A-28821; A-28804; A-28823 (obsidian); A-28792; A-28793; A-28843. 
Set F: A-28824; A-28828 (both slate). 
Set G: A-28817; A-28834. 
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Figure 8.8 Points from Burial 140, Level 1, other points. 

A-28811 (Set M?); A-28813 (Set P?). 
A-28831; A-28803; A-28830; A-28841. 
A-28835; A-28833; A-28798; A-28802. 
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Figure 8.9 Points from Burial 140, Level 1, not in sets. 

A-28794; A-28796; A-28838. 
A-28822; A-28842; A-28890 (missing, form from catalog). 
A-28799; A-28806; A-28815; A-28819. 

259 



o 2 em. 

Figure 8.10 Points from Burial 1~0, Level 2, Sets H and I. 

Set H: A-28853; A-2885~; A-28855; A-28856; A-28917. 
Set I: A-28910; A-28885; A-28912; 

A-28907; A-28916 (crystal); A-28859; A-28878. 
The last two are obsidian. 
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Figure 8.11 Points from Burial 140, Level 2, Sets J and K. 

Set J: A-28814; A-28884; A-28909; A-28812; A-28914; A-28816 (missing, 
form from catalog). 

Set K: A-28848; A-28889; A-28852; A-28851; 
A-28858 (metric but not scar data); A-28893; A-28901; A-28815. 
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Figure 8.12 Points from Burial 140, Level 2, Sets Land M. 

Set L: A-28906; A-28877; A-28847; A-28899; A-28866. 
Set M: A-28857; A-28862; A-28869; 

A-28870; A-28871; A-28890. 
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Figure 8.13 Points from Burial 140, Sets N, 0, P, Q. 

Set N: A-28902; A-28873; A-28850. 
Set 0: A-28886; A-28905; A-28918. 
Set P: A-28868; A-28892. Set Q: A-28897; A-28898. 
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Figure 8.14 Points from Burial 140. Level 2, other points. 

A-28880; A-28867; A-28861; A-28895; A-28860 (obsidian); 
A-28883; A-28844; A-28887; A-28846 (missing, form from catalogue); 
A-28900; A-28899; A-28911; A-28888. 
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Figure 8.15 Points from Burial 140. Level 2, not in sets. 

A-2886~; A-2889~; A-28903; A-28913; 
A-28865; A-28849; A-28863; A-28879; A-28882; 
A-28881: A-28891: A-28896; A-2890~; A-28908. 
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evidence of two depositional 

appeared to be few if any 

levels. 

Level 1 
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events and the observation that there 

sets which were distributed through both 

A. Medium pOints with slightly concave bases and rounded 

corners. (Figure 8.5: 827, 805, 810, 791, 820, 808, 837) This set of 

seven pOints formed a cluster in the P2M analysis. While mostly similar 

in form and workmanship, none of the points were strikingly so except 

808 and 837 which were the two points most closely aSSOCiated in the 

computer clustering. Only 808 and 810 came from the same spatial group. 

B. Short medium points with concave bases. (Figure 8.5: 807, 

818, 829, 836, 809) Of these five pOints the first three were placed 

together by the cluster analysis and 807 and 818 were the second most 

closely associated pair of points. Point 836 was added because of the 

striking similarity between it and 829. These two formed one of the 

pairs which I consider sets by even the most conservative criteria, 

being similar in workmanship, material, and even breakage as well as 

their unusual form. No two of the points in Set B were from the same 

spatial group, although 807 and 818 were not far apart. 

C. Medium pOints with concave bases and sharD corners. (Figure 

8.6: 812, 816, 840, 795, 797, 826) These six points were grouped by the 

computer and 816 and 840 formed the third closest pair of points. The 

last point (826) differs from the rest. None of them were spa~ial~y 

grouped. 

D. Very short points. 

800) Of these six points, 

(Figure 8.6: 832, 81q, 839, 825, 801, 

all except the last were clustered by 
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computer. The first two are almost identical and made of the same rare 

pink chert, a definite pair which was also spatially associated. The 

third (839) is of a similar material and related shape, although cruder. 

The other three pOints are of obsidian and the choice of material may 

explain their small size. They are somewhat similar in form, and 825 

came from the same spatial group as the pink chert pair. Accurate flake 

scar measurements could not be made on the obsidian specimens, so the 

discriminant analysis using scar angle intervals includes only the three 

chert pOints, making this set too small for reliable comparisons. 

E. Small narrow concave based points. (Figure 8.7: 821, 804, 

823, 792, 793, 843) These six pOints did not cluster well by computer 

and show some variation. The one definite pair is 792 and 793. Both 

came from Group 1-5, both are made of an unusual reddish-grey chert with 

red flecks, and although they differ some in form, both were worked with 

even flakes but careless trim and a tendency to prepare over-strong 

platforms which left a slightly jagged edge. In spite of their 

variability the six points in this set were placed together because 

their overall similarity of form was distinctive within the assemblage 

of mostly larger, wider points. 

F. Notched slate points. (Figure 8.7: 824, 828) As there were 

only two of these they did not form a s~atis~ically testable set. 

Although only broadly similar in form, their unique material sets them 

apart from the rest of the assemblage. 

G. Medium-sized broad brown chert points. (Figure 8.8; 834, 

817) These two points also form an untestable set by v1rtue of their 

similarity in material and treatment, both being large thin flakes 
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trimmed to shape with a minimum of work. They probably belong with Set 

K in Level 2. 

Other Leyel 1 points. (Figure 8.8, 8.9) The other points in 

Level 1 were mostly unclustered in the computer analyses, and did not 

show striking similarities to each other or to sets. Most are unnotched 

triangular forms, some of which are intermediate between some of the 

sets and could belong to one. I felt it better to exclude them from the 

discriminant analyses. There were four notched pOints, all distinctive. 

Level 2 

H. Short broad side-notched points. (Figure 8.10: 853, 854, 

855, 856, 917) Four of these five points were in spatial Group 2-2, and 

the other (917) was not indicated on the plan. The cluster analyses put 

854, 855, and 856 together, although 853 is more like the others than is 

856, the most aberrant of the set. This is a very good set, spatially 

associated, with a form wh1ch is unusual not just for Burial 140, but 

for the site as a whole. 

~Very sbort points. (Figure 8.10: 910, 885, 912, 907, 916, 

859, 878) Seven points were put in this set. The first three are 

related in form and of similar orangish and pinkish cherts. They do not 

seem to be of the same material as the two pink chert points in Set D. 

The treatment is similarly irregular in form, flaking, and trim, and 

these three points seem to form a good set, although they were not 

spatially associated. The other points analysed as part of this set 

were mostly included because of their distinctively small size. The 

cluster analysiS placed these points in a single large group which also 

included some other points which were much larger and definitely 
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different. The last two poin~s are both of obsidian and 91b is the only 

quartz crystal point in the assemblage. Only the four chert points 

could be measured for flake scar angles, reducing the testability of 

this set. 

J, Medium to long points with deeply concave bases. (Figure 

8.11: 874, 884, 909, 872, 914) These five points were closely related 

in the cluster analyses except for 874. However, 874 and 8~4 formed a 

secure pair closely similar in form, treatment, and material, and 

spatially associated in Group 2-9. Originally there was another point 

of the same form in this group (876), but it could not be located at the 

time of my analysis. The other three poin~s all come from different 

spatial groups and are reasonably similar to the best pair but not 

strikingly so. 

K, Large broad straight points. (Figure 8.11: 848, 889, 852, 

851, 858, 893, 901, 875) These eight points formed a good cluster in the 

computer analyses, and the first four met the conservative criteria for 

a good set, all being in Spatial Group 2-2 and very similar in form and 

workmanship. The first two were both made of the same unusual brownish 

chert. The others are more variable and come from other spa~ial groups. 

The two points of Set G in Level 1 may be related. 

L, Short broad points. (Figure 8.12: 906, 877, 847, 899, 86b) 

The first three of these five points were grouped together in the 

cluster analyses, and the other two were more similar to them than to 

any other paints. All are from different spatial groups and there are 

no very secure pairs, but all are compatible in form and treatment. 

M, Long flared points. (Figure 8.12: 857, 862, 869, 870, 871, 
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890) No two of these six points is from the same spa~ial group and they 

were not well grouped in the cluster analyses. However, they are 

distinctive within the assemblage for their large size and elegant 

flared bases. These pOints are also of unusually skillful workmanship, 

large but thin and flat, with regular flaking, symmetrical edges, and 

careful trim. A point from Level 1 (811) is probably related. 

N. Long points with deep basal concavities. (Figure 8.13: 

902, 813, 850) As there were only three of these points, they were not 

tested as a set in the discriminant analyses. All were long, with deep 

basal concavities, slightly flared bases, and of careless work which 

left them irregular in form and trim. 

O. Short greatly flared points. (Figure 8.13: 886, 905, 918) 

This group was also not tes~ed, but shared an unusual form. 

P. Long narrow irregular points with irregular concave bases. 

(Figure 8.13: 868, 892) Another untested set, to wh1ch 813 from Level 1 

could be added. These three points are similar in their sloPPY 

workmanship and distinctive form. 

Q. Medium points with straight edges and base. (Figure 8.13: 

891, 898) These two points were both in Spatial Group 2-6, and are 

almost identical. They were not tested in the discriminant analyses. 

Other Leyel 2 points. (Figures 8.14, 8.15) As in Level 1 there 

were a large number of points which neither form good clusters in 

computer analyses, nor present striking similarities to other points. 

Again, many of these are intermediate forms which could be placed with 

one or more of the sets I used if their definitions were stretched. 

Some other looser sets could also be formed, but many of these would be 
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small and untes~able, and I have preferred to describe and test what I 

consider the best cases. As well as the notched pOints in Set H, Level 

2 contained 3 unrelated notched points and two aberrant forms. 

Testing Sets: Discriminant Analyses 

Discriminant analyses were 

attributes which had been used 

performed using firs~ the metric 

to form the sets for testing (except 

notch attributes), and then flake scar orientation intervals. As 

before, point sets which are distinctive and homogeneous not only in 

form but in flaking patterns probably represent the work of distinct 

individuals. The results were quite good and are presented in Tables 

8.4 and 8.5 and Figures 8.16 to 8.19. In Figures 8.17 and 8.19 

misclassifications are indicated by overlapping the cluster outlines; 

this was not possible in the plots using flake scar orientation, and the 

clusters there are more distinct than the two-dimensional plots suggest, 

but the figures serve to show the relative spread of different clusters. 

All the sets in Level 1 proved quite distinct and no more 

diffuse than the two sets from different burials. The leas~ reliable 

set is probably Set D, the very short points. The pink chert points in 

this set belong together by all criteria, but it was not possible to 

analyse flake scar orientation on the others, and they may be 

erroneously classed with this set by virtue of their smal~ size. In Set 

E there is more variety than I would like; in particular the crudity of 

823 makes it an unconvincing companion to 792 and 793. 

The testable sets in Level 2 were equally good. Again the very 

short points may be a less reliable set than the o~hers. 

In both levels, most sets classified quite well, and 
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Table 8.4 

Discriminant analyses of points from Burial 140, using metric data, Runs 
26, 28. 

A. Order of entry of attributes, final F-value, percent of total N 
correct at each step. 

Run 26 (Level 1) Run 28 (Level 2) 

Attribute F-value % Attribute F-value % 
1 L 64.0 52.2 MW 46.4 51.9 
2 W 10.8 76.1 L 47.5 82.7 
3 W/MW 4.6 76.1 BC 5.7 86.5 
4 BC 4.4 82.6 L/W 3.8 90.4 
5 MW 2.6 80.4 W/MW 5.3 90.4 
6 L/W 2.0 82.6 MW/MT 1.0 90.4 
7 MW/MT 2.2 84.8 MT 1.1 90.4 
8 MxT 0.8 87.0 MxT 0.7 90.4 
9 MT 0.4 84.8 W 0.7 90.4 

B. Classification matrices. 

Run 26 (Level 1) 

Actual Percent 
Set Correct A B C D E 381 76 

A 85.7 6 0 1 0 0 0 0 
B 100.0 0 5 0 0 0 0 0 
C 100.0 0 0 6 0 0 0 0 
D 100.0 0 0 0 4 0 0 0 
E 66.7 1 0 0 1 4 0 0 
381 66.7 1 0 0 0 0 4 1 
76 80.0 0 0 0 0 0 2 8 
OVerall 84.8 

Run 28 (Level 2) 

Actual Percent 
Set Correct H I J K L M 381 76 

H 80.0 4 0 0 0 1 0 0 0 
I 100.0 0 7 0 0 0 0 0 0 
J 100.0 0 0 5 0 0 0 0 0 
K 100.0 0 0 0 8 0 0 0 0 
L 100.0 0 0 0 0 5 0 0 0 
M 83.3 0 0 0 0 0 5 0 1 
381 66.7 0 0 0 0 0 0 4 2 
76 90.0 0 0 0 0 0 0 1 9 
OVerall 90.4 
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Table 8.5 

Discriminant analyses of pOints fran Burial 140, using flake scar 
orientation intervals, Runs 27, 29. 

A. Order of entry of attributes, final F-value, percent of total N 

correctly classified .at each step. 

Run zr (Level 1) Run 29 (Level 2) 
Attribute F-value % Attribute F-value % 

1 L110 18.3 53.5 L110 9.2 37.5 
2 L100 3.6 48.8 L100 4.1 45.8 
3 L120 3.8 55.8 L120 3.2 50.0 
4 R110 2.2 55.8 L70 2.6 56.2 
5 L140 1.9 60.5 R140 1.7 62.5 
6 R130 1.8 62.8 R120 1.3 68.7 
7 L130 1.8 65.1 L60 1.2 70.8 
8 L70 1.5 72.1 R70 1.1 75.0 
9 R70 3.0 79.1 L90 0.8 79.2 

10 R90 1.0 76.7 L130 0.8 77 .1 
11 R120 0.6 76.7 R100 0.9 81.2 
12 L60 0.5 81.4 R80 0.8 85.4 
13 L90 0.4 79.1 R110 1.0 83.3 
14 L80 0.7 81.4 L80 0.7 85.4 
15 R140 003 81.4 R90 0.4 87.5 
16 R100 0.2 81.4 

B. Classification matrices. 
Run zr (Level 1) 

Actual Percent Classed with: 
Set Correct A B C D E 381 76 

A 85.7 6 0 1 0 0 0 0 
B 100.0 0 5 0 0 0 0 0 
C 66.7 1 0 4 0 0 0 1 
D 100.0 0 0 0 3 0 0 0 
E 100.0 0 0 0 0 6 0 0 
381 33.3 0 0 1 0 2 2 1 
76 90.0 0 0 1 0 0 0 9 
OVerall 81.4 

Run 29 (Level 2) 
Actual Percent Classed with: 
Set Correct H I J K L M 381 76 

H 80.0 4 1 0 0 0 0 0 0 
I 100.0 0 4 0 0 0 0 0 0 
J 100.0 0 0 5 0 0 0 0 0 
K 85.7 0 0 0 6 0 1 0 0 
L 80.0 0 0 0 1 4 0 0 0 
M 83.3 0 0 0 0 0 5 1 0 
381 83.3 0 0 0 0 0 1 5 0 
76 90.0 0 0 0 0 0 1 0 9 
OVerall 87.5 
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Figure 8.16 Plot of first two canonical variables from Run 26, Sets 
from Burial 140, Level 1, metric attributes. 

Key: A to E = Sets A to E, Burial 140; 3 = Burial 381; 7 = Burial 76. 
Overlaps indicate misclassifications. 
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Canonical Variable 2 

Figure 8.17 Plot of first two canonical variables from Run 27, Sets 
£rom Burial 1~O. Level 1. flake scar orientation intervals. 

Key: A to E = Sets A to E. Burial 140; 3 = Burial 381; 7 = Burial 76. 
Misclassifications are not indicated by overlaps. 
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Canonical Variable 

Figure 8.18 Plot of first two canonical variables from Run 28, Sets 
from Burial 1~O, Level 2, metric attributes. 

Key: H to M = Sets H to H, Burial 1~O; 3 = Burial 381; 7 = Burial 76. 
Overlaps indicate misclassifications. 
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Canonical Variable 2 

Figure 8.19 Plot of first two canonical variables from Run 29, Sets 
from Burial 1~0, Level 2, flake scar orientation intervals. 

Key: H to M = Sets H to M. Burial 140; 3 = Burial 381; 7 = Burial 76. 
M!sclassifications are not indicated by overlaps. 
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misclaasifications in metric data runs were not supported by 

corresponding misclassifioations in flake scar orientation runs. One 

point from Set A is classed with Set C in each analysis, but a different 

point each time. The largest number of misclassifications actually 

occurred between the sets from Burial 76 and Burial 381. 

I have discussed the sets from the two levels as if the levels 

were different assemblages. This is partly justified by the fact that 

the levels-seem to represent two separate depositional events. In fact, 

there is probably some overlap, but surprisingly little. The two points 

in Set G may belong with other broad brown chert points in Set K, which 

are similar in material and form. In both sets most of the flaking is 

fairly regular, and the pOints are on thin blanks with large areas of 

original flake surface left untouched. There is a single long flared 

point (811) in Level 1 which is similar in form and careful workman~hip 

to those in Set M. The untestable Set P in Level 2 may have a third 

member in Level 1. The two sets of very short points, D and I, may 

overlap levels. The sets of pink chert poin~s in each are not of 

exactly the same material or form, but the coincidence of rare form 

(very short and triangular) with rare material (unusual pinkish cherts) 

may indicate a common origin. Some of the numerous medium to large 

unnotched points which were not used in the discriminant analyses and 

which might be related to defined sets may cross levels as well. 

Connections between Levels 1 and 2 are hard to test, especially 

as no large sets seem to be split. Discriminant analyses can also 

classify new cases into previously formed sets. Runs 30 and 31 used 

Sets I, J, K, and M from Level 2, Set D from Level 1, and Burials 76 and 
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381 to form the discriminant functions, and then classil"ied the two 

broad brown points from Set G and the single long flared point according 

to these functions (Table 8.6). In the analysis using metric attributes 

the three added points classified as expected with Sets K and M 

respectively. The two sets of very short points, D and I, wh1ch were 

treated as separate, overlapped some. The analysis using flake scar 

orientation intervals did not support any of this. Both short sets had 

fewer cases, and there were no misclassifications between them. One of 

the broad points from Set G was classified with the f~ared points of Set 

H, and the other two added points were placed with Burial 381. When the 

same sets of data were analysed treating the three added points as 

members of Sets K and M respectively the metric attributes placed them 

firmly with the rest of the sets, wh1le the flake scar orientation 

intervals included one of the added points in the misclassif1cations 

between Set K and Burial 381. 

The analyses described in the preceding chapter have shown that 

this sort of lump-or-spl1t testing is difficult to interpret. 

Distinctive forms have generally been supported as indicators of 

individual knappers by fl~ke scar data when enough cases were tested as 

a set, using both experimental and burial sets. The flake scar data 

does not do well in classifYing new cases with existing sets because 

each interval alone has a very low discriminatory value and there is a 

great deal of random variability in the flake scar patterns. It is 

likely on the grounds of form and treatment that the three points 

discussed belong with the sets in Level 2, but the flake scar analyses 

are equivocal. 
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Table 8.6 

Discriminant analyses of Burial 140 pOint sets to test overlap between 
Levels 1 and 2, Runs 30, 31. 

A. Run 30, metric attributes, classirication matrix. 

Actual Percent Classed with: 
Set Correct D I J K M 381 76 

D 50.0 3 3 0 0 0 0 0 
I 87.5 1 6 0 0 0 0 0 
J 100.0 0 0 5 0 0 0 0 
K 100.0 0 0 0 8 0 0 0 
M. 83.3 0 0 0 0 5 1 0 
381 83.3 0 0 0 0 0 5 1 
76 90.0 0 0 0 0 0 1 9 
Added pts 0 0 0 2 1 0 0 

B. Run 31, Flake scar orientation intervals, classification 
matrix. 

Actual Percent Classed with: 
Set Correct D I J K M 381 76 

D 100.0 3 0 0 0 0 0 0 
I 75.0 0 3 1 0 0 0 0 
J 80.0 0 1 4 0 0 0 0 
K 85.7 0 0 1 6 0 0 0 
M 100.0 0 0 0 0 6 0 0 
381 66.7 0 0 0 0 1 4 1 
76 80.0 0 0 0 0 2 0 8 
Added pts 0 0 0 0 1 2 0 
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Hill (1977) recommends using cluster analysis to form groups, 

and then classifying cases which the cluster analysis did not group by 

using a discriminant analysis to place them with the prev10usly formed 

groups. This could be done with the points from Burial 140. The sets I 

tested or considered good but untestable included only 83 points. A 

discriminant analysis could classify the remaining 45 pOints with 

existing sets. I have not done this because it adds little to the 

analysis. The points which are close in form to existing sets may be 

correctly classified, but because classirication is forced, points must 

be placed in the existing set to whose centroid they are closest, even 

if they bear no real resemblance to any of the sets. For each point, 

the analysis shows its distance from the centroid of each set and its 

probability of being classified with each. The probabilities total 

100~. One could choose a level of probability below which a point would 

not be accepted as belonging to any of the possible sets, but the 

probabilities are affected by the number of sets used in an analysis. 

Moreover, this choice raises again the problem of levels of resemblance 

and distinction which has already been mentioned several times. Even 

some pOints from good sets are m1sclassiried with probabilities of 90% 

or more in some analyses simply because the centroids of two sets are 

close together. 

Leaving aside the question of the unclassified points, some 

estimates of the number of knappers contributing points to Burial 140 

can be made. I defined 17 sets, or 16 since G and K can probably be 

combined. Ten of these are formed around nuclei (usually two points) 

which b.Y all criteria of form, flaking, trim, material, and usually 
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spatial association, are so similar that the work of a single hand seems 

the only reasonable explanation. The eleven larger sets which were 

tested by discriminant analysis proved distinctive and homogeneous and 

were comparable to sets from separate burials and sets from known 

experimental knappers. This was true using bo~h a~tributes of form and 

flake scar orientation attributes of execution which are most likely to 

be good markers of individual knappers. From this eV1dence there seem 

to be at least 16 knappers represented by two or more points each in 

Burial 140. It is also possible that some points which were placed with 

sets in the analyses actually do not belong; I have mentioned a few of 

these. If points which were not analysed as sets are considered, there 

are six different notched forms, two completely aberrant forms, and five 

to ten possibly distinct variations on the medium to large unnotched 

triangular form. Estimates of knapper numbers can thus begin at an 

absolute minimum of ten. There were 16 sets which were well defined by 

the analyses, which is probably closer to correct. If some odd points 

are considered, plus the likelihood that several knappers made the 

nondescript triangular pOints, there are probably 20 to 25 knappers 

represented, and perhaps as many as 30 or so. 

Because the sets in Burial 140 were selected from a mixed 

assemblage, they lack the contextual suggestion of individuality. Some 

of them are not as subjectively consistent as the sets from the other 

burials and I place less faith in them. It is difficult to arrive a~ a 

precise estimate of the number of craftsmen whose points are in Burial 

140 p but both subjective impression and statistical tes~ing firmly 

indicate more than ten knappers. 



2~ 

Having presented the evidence and looked ~or individual 

variation, it remains to interpret the sets in Burial 140, examining 

reasons ~or the large number o~ knappers and the di~~erences between the 

two levels. This can best be done in the course o~ interpreting all o~ 

the i~ormation ~rom workshops and burials wh1ch has been amassed in the 

preceding chapters, and attempting to shed some light on the 

organization o~ stone tool production at Grasshopper, the meaning o~ 

point sets in burials, and larger questions of social organization in 

the prehistoric Southwest. 



CHAPTER 9 

ARROWHEADS AND ARTISANS: 
IMPLICATIONS OF POINT SETS 

The preceding chapters have presented a method of tracing 

individual variation in projectile point manufacture. Individual 

knappers were identified as the makers ~ the different sets of points 

from burials and in Room 28, and ~n the more complex situations of 

Burial 140 and Room 246 it was possible to show that several knappers 

were active. In the following section, this information and other 

evidence will be interpreted to arrive at some conclusions about the 

organization of projectile point manufacture and its place in 

Grasshopper society. 

Pojnts as Graye Goods 

The inclusion of sets of arrowheads in burials is not only 

useful for a study of individual variation, but also offers some 

indications of the nature of the sets themselves and the symbolic 

meanings· assigned to arrowheads. ?be contexts and associations of 

flaked stone tools in burials are shown in Tables 9.1 to 9.3. Table 9.1 

shows flaked stone and a few related items in burials which did not have 

associated projectile points. Table 9.2 lists burials which contained 

pOints which were not of the small triangular point complex, and burials 

whose pOints were in dubious context or could not be located for 

284 
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Table 9.1 

Burials with lithic items other than points. 

• indicates item in doubtful association, •• indicates item not located 
for analysis. 

Lithic 
Burial Age Sex items Pots Other goods Provo 

65 50+ M ··scraper 1 RID 15 
··hammerstone 

109 6-8 ? "knife 1 Plaza I 

124 3-5 ? tibiface frag 0 sandstone abr~der RID 22 

229 .5-1 ? .7 flakes in 2 RID 23 
bowl 

248 14-17 M .large flake 3 Rm 27 

271 35-45 F "edge-damaged 5 TT74-A 
flake 

286 .5-1.5 ? ·flake 0 RID 31 

306 5-6 ? ··edge-damaged 2 RID 100 
flake 

344 24-28 F ··core 8 unmodified bone RID 33 

396 0-.5 ? ·scraper 0 hematite TT4 

413 4-5 ? .broken drill 3 stone bowl Rm 44 

617 18-21 M ··flake 6 1 quartz crystal Rm 279 

624 25-35 F •• 3 cores, 2 Rm 280 
1 flake 

84 35-40 F 2 flakes 3 T35 

222 40-45 M 2 flakes 3 shell pendant Rm 27 
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Table 9. 1, continued. 

253 35-45 M 3? flakes "turquoise", sherd Rm 27 
pendant 

255 40+ F 1 flake 2 ? 

273 12-14 ? core fragment 5 TT74 

313 .5-1 ? retouched flake 2 Rm 28 

401 2-3 ? flake 2 Rm 44 

579 20-22 F flake, 2 cores 9 turquoise mosaic on Plaza 2 
"drill?, shell frog, 6 shell 
··flake bracelets, 2 quartz 

crystals, stone bead 
anklets and bracelets 

580 40-50 M stemmed flake 4 3 bone awls, 9 quartz Rm 438 
knife, ifeantler crystals, hematite, 
flaker shell pendant 

226 40-45 F 2 cut antler 4 Rm 26 
fl akers , •• 2 
shaft strtnrs? 

150 30-40 F •• antler hammer 0 2 manos, hematite, Rm 22 
bone awl 

545 30+ F "shaft strtnr 0 Rm 425 
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Table 9.2 

Burials with early style pOints and pOints in doubtful association. 

• indicates item in doubtful association, •• indicates item not located 
for analysis. 

Lithic 
Burial Age Sex items 

17 18-21 F 

56 18-22 F 

63 18-22 F 

large point 

large point 

large point 

Pots Other goods Provo 

Brdsd 1N 

3 mano, bone ring Rm 12 

4 shell ring, ca. 1000 Rm 12 
shell beads (necklace 
+ bracelet), 
2 bone rings 

174 50+ F large pOint, 9 conus tinkler, 
incised bone 

Grt Kiva 
edge-damaged flk 

397 1-2 ? large point 4 2 steatite effigy 
pendants 

RID 44 

133 30-40 F .large pOint, flk 0 small mammal bone RID 22 

141 20-25 F .large point 

161 0-.5 ? .large point 

290 7-9 ? ·large pOint 

2 2 shell rings, 5 bone Rm 22 
awls, turquoise mosaic 
pendant, ca. 2196 stone 
beads (necklace + 
bracelet) 

1 

8 

265 10-12? .large pOint, 1 

Rm 19 

Rm 31 

TT73 
.retouched flake, 

"shaft strtnr? 

80 25-30 F *3 points 

88 20-25 F .1 pOint, drill 0 

Plaza 

TT35 
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Table 9.2, continued. 

108 12-111 F? ·1 point 5 Plaza 1 

131 0-.5 ? ·1 point 0 shell pendant RID 21 

203 22-25 F ·1 point tip 4 3 bone rings, bone TT1I2 
batten, 7 turquoise 
pendants, ca 1000 
stone beads 

208 30-35 M ·1 broken point 8 RID 23 

352 20-25 M ·1 obsidian pt 7 1020 shell disc beads, TT70-6 
shell pendant 
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Table 9.3 

Burials with small triangular p~ints and point sets. 

* indicates item in doubtful association, ** indicates item not located 
for analysis. 

Lithic 
Burial Age Sex items Pots Other goods Provo 

10 25-35 M 

35 >30 F? 

36 30-35 M 

130 5-6 ? 

164 20-25 F 

199 25-30 M 

211 45-50 M 

231 25-30 M 

372 40-45 M 

373 50+ M 

569 30-35 M 

573 23-27 M 

584 40-60 M 

1 point 

1 point 

o 2 quartz crystals, 
bone hairpin 

3 

Test 14 

Brdsd 15 

1 pOint, 3 ·bone hairpin or awl Brdsd 
2 preforms 

1 broken point, 0 .articulated macaw 
6 flakes 

Rm 22 

1 broken point 14 2 turquoise ear bobs, Grt Kiva 
shell bracelet, 
2 quartz crystals 
large mammal bone 

1 point, 1 flk 4 shell pendant, 
large mammal bone 

1 pOint, *point 5 

1 broken point 6 mano, bone awl or 
hairpin 

1 broken point 3 shell 

1 point between 5 
vertebrae, 
probable wound 

1 point, *core, 
**hammerstone 

1 point 

"1 point 

13 shell bird effigy 
pendant, turquoise 
pendant + 50 beads 

6 2 turquoise mosaic 
ear bobs 

6 

TT43-B 

Rm 23 

Grt Kiva 

Rm 41 

Rm 41 

Rm 62 

Rm 62 

Plaza 1 
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Table 9.3, continued. 

614 30-40 M ··1 point, 4 Rm 279 
··2 drills, 
ca. 120 flakes 

625 11-13 M? point 4 Rm 438 

635 25-30 M 1 point 4 bone hairpin Rm 438 

Crem 1 adult M •• 1 point 4 bone awl or hairpin Grt Kiva 

163 40-50 M 2 paints 8 2 manos, bone awl, Grt Kiva 
3 bone hairpins, fossil 
coral, olay ball, stone 
"awl", agate cylinder, 
stalactite 

353 30-40 M? 2 paints 0 TT70-7 

543 30-40 M 2 paints 6 2 quartz orystals Rm 352 

129 25-35 M 3 points, 5 2 turquoise ear bobs Grt Kiva 
slate biface small mammal bone 

190 25-30 M 5 points 9 bone hairpin, 2 shell Grt Kiva 
braoelets 

367 25-30 M 5 paints 8 2 bone hairpins, Rm 40 
6 quartz crystals 

450 50+ M 5 points, 8 2 shells, stone Rm 211 
1 preform, "awl", stone effigy 
stemmed point, pendant, 2 sherd diSCS, 
2 small bifaces, spindle whorl, bone 
20 flakes, out awl or hairpin, hematite, 
antler flaker oaloium 

381 45-50 M 6 points 2 2 bone hairpins, bone Rm 40 
needle, turq pendant, 
shell braoelet + bead 

298 30-35 M 7 points 4 bone hairpin, Rm 27 
3 qtz orystals (under Plaza 3) 

588 14-16 M 9 points 6 shell diSC, olivella Plaza 1 
necklaoe, hematite 



Table 9.3, continued. 

323 35+ M 10 pOints, small 5 
biface, 3 flks 

6 
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RID 31 

RID 31 76 35-40 M 10 points 

477 35-45 M 13 pointa 8 ca. 1000 shell beads, RID 164 
2 bone hairpins, ochre, 
turq square + pendant 

641 32-39 M 14 points, 7 21 conus tinklers, Plaza 
2 cores, 6 flks 

140 40-45 M 128 points, 35 
2 small bifaces, 
1 flake 

shell earings 

8 glycymeris brclts, Grt Kiva 
7 turqear bobs, stone 
bowl, 2 cardium shells, 
ground hematite, incised 
bone hrpn, bone hrpn with 
turq mosaic, 3 other bone 
hrpns, bone rasp, small 
disc mano 



292 

analysis. Table 9.3 lists the burials which contained small triangular 

pOints, both in the sets analysed earlier, and in numbers too small to 

test as sets. Artifact and context information is from the original 

burial record sheets and artifact lists, and only lithic items were 

completely verified. The age and sex data are from records compiled by 

Walter Birkby and the Human Identification Laboratory of the Arizona 

state Museum. 

Point Associations 

A number of consistencies can be seen in the tables. There have 

been 664 numbered burials (674 individuals) recovered from Grasshopper. 

Of these, 71 had stone tools recorded on the burial form, or there were 

stone tools catalogued as coming from them. In 25 cases there is' some 

question about these associations. Sane were beH.eved by the excavators 

to result from irrelevant lithic material included in burial fill. In 

other cases the items could not be located for positive ideptification. 

This leaves 46 burials, 32 with one or more small triangular pOints, 

five with larger points of older styles, and nine which had no points 

but included other lithic items. 

All flaked stone items tend to occur in burials that also have 

other goods. Items other than points occur with individuals of all ages 

and both sexes, but retouched tools and multiple items are more likely 

to occur with adult males, and in association with points. This follows 

a general trend for men to have more tools and more goods of all kinds 

than women or subadults (Whittlesey 1978). It also suggests that some 

of the lithic items were tools or tool kits used by men. 

All of the larger pOints, most of which seem to be older 
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collected pieces, occur with females or infants except one each in 

Burials 450 and 140. These may have been used as charms to which some 

magical properties were attributed, such as the ability to ward off 

ghosts (Ellis 1968) or ~ightning (Hill 1982). 

The small triangular points which were current during the 

occupation of Grasshopper are found almost exclusively with adult male 

burials. This is not surprising as hunting is almost universally a male 

activity. So is the manufacture of hunting eqUipment, and while it is 

reasonable to expect that women might make stone tools for their own 

use, female knappers of any kind were very rarely recorded by early 

ethnographers. It is safe to assume that the knappers at Grasshopper 

would have been men, especially the arrowhead makers. 

Arrowheads in graves almost always occur with other 

the sets of points all came from relatively rich burials. 

(1978:218) lists 20 burials (not counting Burial 140) which 

goods, and 

Whittlesey 

have two 

standard deviations or more above the mean number of grave goods (>16 

items). These form a group of unusual individuals, about 3% of the 

total burial population. Twelve of these are adult males, five are 

adult females, and three are subadults. Half of these richest burials, 

and 10 of the 12 richest male burials, include points or point sets 

(Burials 76, 163, 164, 190, 367, 450, 477, 569, 588, and 641). If large 

numbers of artifacts indicate unusual status within the community, 

points, especially sets, do too. 

There are no consistent associations of pOints with particular 

artifacts of other types except pottery which occurs in all well-endowed 

graves. Bone hair pins occur in a number of male graves both with and 
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without points. Several of the graves with points also have small items 

that probably relate to ritual or magic. These include quartz crystals 

which are used in diagnostic magic in the recent PueblQs (Ellis 1968), 

stone effigy pendants and elongate ground stone rods or "awls", shell 

tinklers and other shell and turquoise ornaments which are both personal 

jewelry and part of ritual costumes today, and the miscellaneous natural 

and modified items from Burial 163 which appear to be part of a 

"medicine kit." According to Ellis (1968:64) such small ritual items in 

the possession of a ceremonialist would be buried with him or elsewhere 

at his death. Such items occur in graves with and without pOints, 

quartz crystals being especially common. 

Several of the burials with point sets are from the Great· Kiva. 

While Clark (1967, 1969) has interpreted this as a high status cemetery, 

this is unlikely on several grounds. Interments in the Great Kiva were 

actually made beneath Plaza III, which preceded the Great Kiva. The 

other two plazas also appear to have many burials of comparable 

richness, but have not been as completely excavated. Rich burials occur 

throughout the pueblo, mostly early in the occupation span, and their 

apparent localization in the Great Kiva probably results from sampling 

error and early use of plazas for burial. There is no other tendency 

for points to cluster spatially, and burials with points cannot be 

ascribed to any particular residential group within the pueblo. 

Point Sets: Hunting or Ritual? 

The point sets from burials are groups of arrowheads in use or 

available at one time and associated with one individual. It is, 

however, difficult to tell whether they were buried with their maker, a 
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man who owned them during his lite, or as gitts to the deceased. The 

nature ot the sets may otter some indications, but these interpretations 

remain speculative. 

In the recent Pueblos, burials include tew goods. These are 

mostly the personal possessions ot the deceased, but such items are also 

destroyed or buried elsewhere, or sometimes kept (Beaglehole and 

Beaglehole 1935, Ellis 1968). There are hints that at least some ot the 

point sets in burials were not actively used hunting or tighting 

equipment. 

The numbers of pOints do not reveal much. Hopi quivers carried 

about 30 arrows (Beaglehole and Beaglehole 1935). Burial 140 has more 

arrows than any man could conveniently carry, while all the others have 

fewer than 30. However, if functional archery equipment were being 

buried, many arrows may not have had stone tips and the number of 

arrowheads in graves does not necessarily give a good indication of the 

number of arrows. Arrowheads also need not have been hatted to arrows 

when buried. In many instances the common orientation of points 

suggests that they were buried as a group of arrows, but those from 

Burial 450 clearly were not since they were contained in a jar with the 

other lithic items. 

It is useful to compare the points from burial sets with those 

trom other contexts. At the moment such comparisons are only tentative, 

since I feel that there are probably sampling biases in my data; points 

from miscellaneous rooms and trash are under represented while Rooms 28 

and 246 are over represented, and the burial sets may over represent 

some proficient individual knappers at the expense of more average ones. 



Nevertheless, there 

non-burial pOints, 

140. 
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are some differences between burial sets and 

both with and without considering those from Burial 

T-tests of means with p-values less than .01 show burial points 

to average longer, wider, and thinner than other points. Temporal 

changes in point style cannot be ruled out, as the rich burials with 

point sets are rather early in the occupation span of Grasshopper 

(Whittlesey 1978) while the other pOints are from a variety of contexts. 

However, the burial sets are also frequently of finer workmanship than 

usual. The number of large thin points in burials reflects this fact, 

and the best-made points are usually extra large as well, as can be seen 

in Burials 76, 588, and some of the sets from Burial 140. 

Hewlett (1974) suggested that unnotched points were more common 

in burials, while notched pOints which can be hafted more firmly and 

thus are functionally better predominate elsewhere in the site. Her 

data were too scanty for a convinCing test of this proposition, and I 

fear that mine are too biased. MY sample of points from non-burial 

contexts is small unless the points from Rooms 28 and 246 are added. 

The points from other room and trash contexts were randomly selected but 

Rooms 28 and 246 are over represented. USing my data the burial sets do 

show a preference for unnotched points which is particularly striking in 

Burial 140. The functional advantages of notched pOints are arguable, 

and both forms occur in all contexts and side-by side. The midden in 

Room 246 is a good example. There may be a temporal change in 

preference, especially if burials are biased toward the early part of 

the occupation, but this is not documented. 
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Some other functional questions remain. Experiments by Frison 

(1978) have confirmed some common expectations about ideal functional 

attributes of projectile points. A point should have a sharp tip for 

in1tial penetration, be strong enough to penetrate thick skin (which can 

be a serious obstacle), and also be strong enough to withstand a 

glancing contact with bone. Some of the large fine pOints such as those 

in Burials 76 and 569 are so long and thin that one wonders if they were 

strong enough for use. One such point (Burial 140; A-28 ,869; Figure 

8.12) does have a burination from the tip which may be impact damage, so 

some use may be supported. However, a similar point (A-28,811, Figure 

8.9) is grossly curved. Chert cannot withstand flexing, and even the 

dullest hunter would not expect successful penetration with this 

arrowhead. Point A-28,862 which was probably made by the same knapper 

is almost as curved. The tendency for smaller, thicker points in rooms 

and trash may indicate that these were in more general use, while more 

fragile but handsomer specimens are more likely to be included in 

burials. 

A small sample of broken points from general contexts (Table 

6.8) shows a high incidence of impact fractures. One would not expect 

many fractured pOints in the arrows carried by a hunter; these would be 

useless and carried only until they could be replaced. Arrows or points 

manufactured for burial and never used also should not be broken, and 

should not have impact fractures at all. There is a surprisingly large 

number of broken points in the burial sets. Twenty-nine of the 128 

points from Burial 140 are damaged. Five of these have burinated or 

fluted tips suggesting impact damage, 13 have basal corners snapped off, 
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and 10 have lost tips or major portions of the blade by bending 

fraotures. There is one point (A-28,661) whioh was damaged by fire and 

may be intrusive. Of 87 points in other burial sets, two have impaot 

damage, a burination in Burial 298 and a orushed tip in 588, while the 

other 14 damaged points all show bending fraotures of the tip. Bending 

fraotures are the most common failure during manufaoture (Chapter 6) and 

oan oocur in use or aocident later. Some may result from earth pressure 

in burial or accidents in exoavation, but none of the broken points had 

both pieces recovered, and a few breaks were old enough to be oovered by 

caloium deposits. It is odd that oorner damage oocurs only in sets from 

Burial 140. It is usually small and may be from errors in finishing the 

point. It might also represent damage to pOints in active use from 

transport in a bundle or quiver where they oame in contaot with other 

points. 

The six points from Burial 298 are all missing their tips, one 

with a burinated fraoture. The three unnotched points and one of the 

notohed points from Burial 588 aiso have their tips snapped off. This 

kind of oonsistent breakage suggests intentional "killing" of grave 

goods, but there are only these two examples. 

Breakage patterns in the burials are difficult to interpret. A 

few pOints seem to have been broken by impaot or aocident and should 

have been disoarded. Others were damaged but still usable, and many 

damaged points were apparently oonsidered acceptable as grave goods. 

Two sets seem to have been intentionally broken. 

As mentioned earlier (Chapter 8), the point sets from Burial 140 

whioh can be attributed to individual knappers are not all spatially 
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associated, but are usually mixed among different spatial groups within 

the burial. These spatial groups could represent sets of arrows 

contributed by different hunters, each including pOints or arrows made 

by several knappers which could have been exchanged in a number of ways. 

If this is the case, it suggests working equipment rather than specially 

made burial goods. It is also possible that in each level of Burial 140 

a bunch of arrows was mixed and distributed in random groups without 

reference to ownership or knapper. I prefer the first interpretation, 

which suggests that Burial 140 contains an individual whose pOSition in 

the community was such that other men contributed some of their hunting 

equipment to his grave, and possibly some points which were never 

intended for use. 

In the historic Pueblos burial occurred as soon after death as 

pOSSible, usually the next day (Ellis 1968, Beaglehole and Beaglehole 

1935). If some sets of arrows were being manufactured as funerary 

gifts, there may have been a longer interval at Grasshopper, since a set 

such as that from Burial 76 would require at least a day's work to make 

the pOints alone. As the grave goods at Grasshopper are more numerous 

than was usual in the historic Pueblos, the rites may have been more 

elaborate as well. However, it is just as likely that sets of arrows 

were made ahead of time for burial or other ceremonial use, and of 

course some sets may have been primarily functional. The large number 

of broken points in Burial 140 suggests that contributions to this 

burial included much functional equipment, or gear that had been damaged 

in use or accident. 

The functional questions raised by the burial points cannot be 
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adequately answered here. Most of the points could have been used, some 

probably were, and others were probably not functional. The burial 

pOints probably include a mixture of used equipment, usable but 

unusually fine arrows, and some pieces made specifically for burial. 

There does not seem to be a single interpretation to cover all 

instances. 

A similar diversity may be visible in other grave goods. Many 

of the ceramic vessels for instance were of utilitarian wares or types 

found in common use in the pueblo, but there are no storage jars and 

only 4 vessels with sooting (Whittlesey 1982). Decorated wares, 

especially bowls, are the most common vessels in graves. There are also 

miniature vessels and effigy forms which may have special significance, 

and Cibecue Polychrome occurs mostly in graves and may be a funerary 

ware (Whittlesey 1978). Most grave goods are either pots or small items 

of ornamental or ritual nature. Projectile pOints are by far the most 

common of ordinary tools to occur in graves. There are for instance 

only one axe, one batten, a few hammer or pecking stones, and a couple 

of manos. Objects classed as awls are common, but in many cases these 

occur beside the skull and were probably hair ornaments (S.L. Olsen 

1979). There are a number of retouched stone tools, especially small 

bifacial and flake knives, and unretouched flakes which may have been 

tools or, in Burials 614 and 450, tool kits. Shaft straighteners occur 

in two and perhaps three graves, and possible flaking tools are recorded 

from four, but I was unable to confirm them (see Tables 9.1 to 9.3). 

InCidentally, three of the six bodies with flaking tools or shaft 

straighteners were identified as females, and while women may have made 
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some stone tools, all ethnographic expectations are against their having 

anything to do with arrowmaking. This may imply that these tools were 

gifts rather than personal equipment, or had a secondary use other than 

arrowmaking. In any case, the tools in burials are rare compared to the 

dozens of ornamental objects. 

Points as Symbols 

The point sets, whether used, usable, or purely funerary, 

probably have in common a symbolic function which is more important in 

the context of burials than their usual function as tools. They imply 

something about the individual with whom they are buried. As Ellis 

(1968:60) puts it " ••• a primary theme which stands out in all Pueblo 

death rites is the identification of the deceased by membership in 

social units so that he can take his proper place in the afterworld." 

As mentionecl above, very few goods are included with modern 

Pueblo burials, and these are mostly personal possessions of the 

deceased and items used in funeral preparations (Beaglehole and 

Beaglehole 1935; Ellis 1968). Burials in the last century may have 

been somewhat richer, but Ellis (1981) feels that rich burials in the 

historic Pueblos most likely represent craftsmen or traders and their 

temporary stock of goods. The occupants of Grasshopper were probably 

not being buried with all their personal possessions. The lack of 

utilitarian tools is most noticable, and arrows were certainly used by 

most of the men in the pueblo and should occur with then' Lf ordinary 

personal equipment was usually interred. Only certain items were 

considered proper grave goods; pots, ornaments, small ritual objects, 

and pOints were the most common. 
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Arrowheads might be knappers' or traders' stooks. In the first 

instanoe we might expeot more unfinished pieoes or knapping tools, 

espeoially if it were important to signifY identity as a craftsman. 

However, the produots alone might suffice for this. Aooepting the sets 

as knappers' or traders' stooks returns us to the interpretation that 

most grave goods were the property owned by the deceased, which does not 

seem to be the oase. 

Reid and Whittlesey (1982; Whittlesey 1982) have suggested that 

oertain items such as shell tinklers or tracelets, finger rings, 

hairpins, and arrowheads might signifY membership in a sooial or 

ceremonial organization. This is the most likely interpretation of the 

points, and espeoially the point sets. 

The point sets ocour with a limited number of individuals, all 

adult males whose burials are relatively rioh. Arrowheads suggest an 

assooiation with war or hunting. There is strikingly little evidence of 

war at Grasshopper, while hunting was of major economio importance, so 

hunting is the most likely function and symbolio association for the 

points. Burials 140 and 477, the first and third in number of pOints 

both have more than one set of points and an association with bears. 

Bears and mountain lions are assooiated with war and the hunt in Pueblo 

mythology (Tyler 1975). In Burial 140 there is a large spatulate bone 

hairpin engraved with a geometrio deSign, another spatulate hairpin, and 

a rasp, all made of grizzly bear femurs (S.L. Olsen 1979). Burial 477 

also has a bear femur hairpin. 

Burial 140 presents some striking similarities to the "magioian" 

burial from 12th century Ridge Ruin in the Flagstaff region (McGregor 
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1943). As well as pots, baskets, and numerous shell, turquoise, and 

mosaic ornaments, the magician burial included over 400 projectile 

points, a necklace of mountain lion claws and canines, and several 

"awls" and "spatulae" which are probably hair ornaments. Two of these 

have a shell mosaic base; a third hairpin in Burial 140 had a turquoise 

mosaic base. Three of the magicians hairpins were made of 

unidentifiable bone too large for deer. McGregor suggested elk, but 

bear femurs are also extremely large and thick (J. Olsen 1980). There 

were also carved wooden objects which Hopi informants identified as 

ritual equipment used in ceremonies to give power in war or hunting. 

Burial 140 may represent a leader of a Similar sodality, and the 

point sets in other burials probably indicate membership or leadership 

in a ritual society concerned with magic for hunting or similar 

activities. A religious-based leadership is entirely consistent with 

the historic Pueblo systems and Burial 140 thus appears as a man of 

unusual social poSition, perhaps the most important leader in the 

community. 

Craft Production and SpeCialists 

I have suggested that some of the burial points are unusually 

fine and perhaps were made specifically as mortuary gifts. This could 

have involved specialized craftsmen. Specialists are expected in 

centrally controlled economic systems such as those postulated in the 

prehistoric Southwest by some archaeologists (see Chapter 2). 

Specialists are especially likely in the production of luxury goods for 

trade or as status symbols. 

specialization in evidence 

It is thus useful to examine indications of 

for the organization of lithic crafts at 
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Grasshopper. 

Defining Specialization 

Defining specialists has proved to be difficult, and identifying 

them even more so (Becker 1973; Clark 1983; Clark and Bryant 1982; 

Evans 1978). There is general agreement that a craft specialist should 

be someone who manufactures a particular and somewhat limited class of 

goods for exchange. This very basic definition implies a number of 

related characteristics, many of which can be translated into expected 

evidence in the archaeological record. 

A. Time spent in craft activities may be time taken away from 

subsistence activities, and exchange of craft goods may be intended to 

procure necessary subsistence goods (Evans 1978). This aspect of 

specialization may be inferable from negative evidence, if for example, 

residences with evidence of craft specialization lack tool kits· or other 

evidence of subsistence activities which are present in ordinary 

residences. 

~. Craft production for exchange, whether supplementing or 

replacing subsistence income, is only workable if some part of the 

population needs the goods. Craft specialists then must be a limited 

fraction of the population, supplying items that not everyone makes. 

Archaeologically this means that residential units should contain 

evidence of different activities, and evidence of a craft specialty 

should occur in only a few contexts. 

~. Exchange implies a surplus, that is, the production of more 

goods than are needed for the use of the producer. Workshops or 

residences of craft specialists should contain relatively and often 
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absolutely large quantities of finished goods, waste products from their 

manufacture, or raw materials. Large numbers of stored goods and hoards 

are one manifestation (Evans 1978), and trash deposits containing a 

limited range and large quantities of particular waste products are 

another. 

~. Workshops intended for a limited range of activities are an 

efficient way of organizing the flow of raw material, labor, goods, and 

~aste. Workshops are archaeo1ogica1ly identifiable by the localiZation 

of evidence such as the large amounts of waste and goods mentioned 

above. They may also have speoia1ized faoi1ities or tool assemblages 

whioh are not encountered in ordinary contexts. 

E. The conoept of efficienoy is usually invoked as an 

explanation for the development and elaboration of speoialization (Evans 

1978). Speoia1ists are supposed to do things better, and with less 

expense in whatever units of labor or exchange are used, than the 

average individual. Efficienoy is not direot1y measurable, but it is 

often expeoted that speoialists who devote muoh time and praotioe to the 

pr-~duotion of a oraft will show a high degree of skill whioh may be 

visible in aesthetioal1y pleasing or technically difficult work. This 

need not be true, as efficiently produced items may be shoddy indeed. 

In any case, the work of specialists should show a lower level of error 

and wastage, and perhaps a higher degree of standardization than that of 

less practiced artisans (Clark and Bryant 1982;· Gibson 1982). 

Most of the above is explioit1y or impliCitly agreed upon in the 

archaeolOgical literature dealing with speoialized craft production 

(e.g. Becker 1973; Clark 1982; Clark and Bryant 1982; Evans 1978; 
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Shafer and Hester 1983; Spence 1981). There is less agreement on the 

applications and especially on the social and evolutionary 

interpretations drawn from them. TWo major and related problems are in 

definition and terminology, and measurement. The discussion above 

includes most aspects of specialization which have been considered or 

used by archaeologists. However, each aspect involves questions of 

degree.' How many of them must occur together before a craft i5 

considered specialized? More important, all of these aspects of 

specialization can apply to craftsmen at different levels of 

specialization. "Specialist" to some can imply one of a number of 

individuals who casually supplement their income with craft production. 

To others, a "specialist" is employed full-time in his specialty to the 

exclusion of other activities, derives his entire living from it, and is 

one of a very few individuals involved in that specialty. There is of 

course a whole range between the two extremes. 

Among those recognizing this problem, Clark (1983) ,has proposed 

a scheme with several levels. At the bottom is the "craftsman" who 

works in "activity areas" producing goods for domestic use. Above this 

are three levels of "craft specialists" who work in "workshops" 

producing goods at least partly for exchange. Clark expects an increase 

in localization, specialized facilities, and the scale of production and 

organization as one goes up his levelS, with a concomitant decrease in 

the diversity of objects produced. Such a model is supposed to allow 

quantifiable definitions for exploration and discussion, but even with 

the most precise definitions, such models are now and always will be 

arbitrary divisions of a continuum, and the different aspects of 
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specialization are not likely to increase or decrease at parallel rates. 

This brings us to measurement, the most serious operational problem. 

Even if agreement is reached on an arbitrary definition of, for 

example, the percent of an individual's income that must come from his 

craft before he is termed a specialist, such things are extremely 

difficult to measure in the archaeological record. Carefully quantified 

replicative stUdies and meticulous analysis of waste deposits now allow 

us to make some estimates of the scale of production (Clark and Bryant 

1982; Shafer and Hester 1983), at least in terms of the number of items 

represented in a particular context. But there is still a gap between 

the absolute measure of how many artifacts are represented in a deposit 

of waste from their manufacture and an interpretation involving the 

percent of a craftsman's labor or income this involved. Obvious 

difficulties are usually present in estimating the number of craftsmen 

contributing to a depOSit, and the span of time over which it was 

deposited. Even some of the most basic concepts are not readily 

quantifiable. For example, craft specialists are conceived to be 

producers of more goods than they use themselves. In most cases we have 

only guesses about the number of pots or arrowheads a household consumes 

in a year. 

There are two main lines of evidence which have been used to 

resolve this kind of measurement problem, or at least to provide 

reasonable parameters for estimation. Replicative experiments are often 

fairly simple and can be readily quantified and controlled. They 

provide one means of quantifying some of the factors which must be 

considered. Labor measured in time or energy, amounts of waste per 
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product, technical difficulties, and degrees of skill can be evaluated 

through replication, and I have used it as part of the process of 

estimating numbers of craftsmen. Ethnoarchaeological studies and some 

non-archaeological ethnographic accounts are also useful and provide 

information on some of the same issues as well as on disposal patterns, 

use-life and inventory sizes, mechanisms of exchange, and organization 

of activities. However, replicative stUdies are limited to material 

observations and the ethnological studies provide at best limited 

examples of some aspects of craft production which can not be 

replicated, and it is becoming increasingly difficult to study many 

crafts ethnologically. 

Interpretive statements involving the nature of craft production 

in an archaeological 

some instances, the 

context must generally remain hypothetical. In 

same material is subject to conflicting 

interpretations as it 

experimental analogies 

is compared to different ethnological 

and fitted into alternative views of 

or 

its 

surrounding cultural context. The best cases are usually made by 

bringing to bear as many different kinds of archaeological evidence and 

interpretive comparisons as possible. 

Lithic Workshops at Grasshopper 

The evidence of projectile point manufacture at Grasshopper can 

be examined in the light of the usual expectations concerning 

specialists. Rooms 28 and 246 have the kind of evidence expected in 

workshops, namely, unusual amounts of raw material, waste, and finished 

projectile points. There are specialized manufacturing tool kits in the 

form of hammerstones, antler hammers, and pressure flakers from both 
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rooms, and from Room 246 an unusual number of shaft straighteners as 

well. These workshops are unusual; only a small percent of all rooms 

excavated. It should also be noted that there are other rooms which 

appear to contain evidence for workshops in other materials, at least in 

having unusual numbers of finished and unfinished goods. While they 

have not yet been thoroughly analysed and cannot be dealt with here, 

there appear to be workshops p~oducing axes (Room 39) and turquoise 

beads (Room 113), and rooms with evidence that turkeys were hatohed and 

kept in them (Rooms 280, 438; J. Olsen 1980), which are not workshops, 

but are a related special use of space. 

It is perhaps not quite correct to call Rooms 28 and 246 

workshops. It is unclear from the depOSits in these rooms (see Chapter 

4) whether the actual work was done in them. In my opinion, the 

roomspaces containing the lithic middens were mainly dumps, with the 

actual work performed on floors or roofs above, or in adjacent rooms. 

It has been suggested (Clark 1982; Bebm 1983) that analysis of very 

small debitage from work surfaces and the proportions of such small 

debitage to larger flaking waste in depOSits can be used to determine 

whether a deposit represents primary or secondary refuse, that is, a 

workshop or its dump. The debitage from Room 28 is not available for 

analysis; that from Room 246 was not systematically sampled with such 

an analysis in mind, floors were often poorly defined, and no such 

analysis has yet been attempted. However, preliminary examinations 

indicate that the fine screening which was done recovered a large 

quantity of very small debitage. This indicates at least that the 

actual knapping was at or near the dump, perhaps above it, as such small 
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debitage might be swept down through a hatch or into a pile, but woUld 

probably not have been collected and carried to a distant dump. 

Wherever the actual knapping took place, the deposits in Rooms 

28 and 246 indicate workshops in the rooms or nearby. However, they 

seem to be rather different. Room 28 contains highly specialized lithic 

material. Of 300 flaked stone artifacts recorded from Levels 1 to 4 of 

this room (see Table 5.3) 235, or 75% were finished or broken projectile 

points. From the detailed analysis of 22 finished pOints from Level 3, 

I have argued that they are sufficiently consistent and distinct from 

other archaeological and experimental point sets that they are most 

likely the work of a single knapper. 

Room 246 is quite different. I used the material from Room 246 

to discuss the entire range of lithic tool types from Grasshopper 

because with few exceptions, all are present and numerous in this room. 

There is also a vast amount of debitage, still unanalysed. Much of it 

is biface thinning flakes but there is also much debitage from the 

manufacture of the ordinary range of common flake tools. There is also 

a large assemblage of small triangUlar projectile pOints at all stages 

of manufacture. There are thus at least three major lithic industries 

in evidence, the manufacture of bifaces, points, and the more common 

Simple flake tools. It is difficUlt to state the connections between . 

the different industries. A few of the flake tools and perhaps some of 

the pOints are made on biface thinning flakes which probably come from 

the large bifaces. This does not necessarily imply a single knapper, 

nor does the diversity of tool types and the three major industries 

necessarily imply many. I have argued that the pOints are not 
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consistent in form and treatment and support the suggestion of several 

knappers, at least for the points. The many unfinished specimens cannot 

be clearly linked with finished pOints either. This is because there 

are no good sets of finished points to which to compare flake scar data, 

the flake scar data did not prove reliable for classifying new points 

into existing sets or for clustering new data, and the form of 

unfinished tools cannot be compared to sets of finished points using my 

metric attributes. 

The bifaces have not been analysed in the same way as the 

points, and there are no other biface sets for comparison, but they seem 

to be consistent in form and technique. Their rarity in the rest of the 

site also 

involved. 

knapper, 

material. 

suggests that few were made and that very few knappers were 

I suspect that the bifaces in Room 246 were made by one 

but if so, he cannot be securely linked to any of the other 

Room 246 has fUrther diversity in the form of an unusual number 

of shaft straighteners, which imply that arrowshafts as well as points 

were being made. It is possible that one knapper produced the bulk of 

the material in Room 246, making bifaces, flake tools, and some points, 

and hafting points which he and others made. However, there is no one 

group of points which seems to form a set like that from Room 28. The 

shaft straighteners are of diverse sizes, shapes, and decorative 

patterns, which again may indicate many hands. Different parts of the 

artifact assemblage from Room 246 could have been made by the same man 

or many; at present there is no way of connecting them. 

There is a variety of other artifacts in Room 246 and an 
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analysis of use-wear on other flaked tools, for instance the flake 

knives, might reveal other specialized tool kits. Room 246 also 

contained considerable worked bone and ornamental items which have not 

been analysed in enough detail to indicate whether or not they were 

being produced there. The middens in Room 28 and Room 246 both 

contained sherds and faunal remains which probably indicate domestic 

refuse, and some undamaged tools and apparently whole vessels which may 

indicate some storage use. None of this material has been analysed in 

detail. 

Room 28 and Room 246 seem to contain two different kinds of 

workshop dumps. Room 28 is a room of ordinary size, originally a 

habitation room, and contains waste from the production of a specific 

tool type, probably by a single worker. 

Room 246 contains pOints that were probably made by several 

knappers, plus bifaces which may be the work of one man, plus other 

tools which could have been made or used by any of the above or others. 

It is a room which was constructed early and continued in use for a long 

time, in what Ciolek-Torrello (1978) has called a "central zone." In his 

terms, these are areas of the pueblo which are centrally located around 

architectural features of special social and ceremonial significance. 

They are characterized by rooms with long occupation spans and 

continuing importance, and there is a high incidence of manufacturing 

evidence. He suggests that Room 246 and others may be specialized room 

associated with multi-room or multi-floor suites occupied by large 

families, perhaps with some occupational specialization. I have argued 

earlier (Chapter 3) that associations between rooms or floors are hard 
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to establish, especially as so few blocks of contiguous rooms have been 

excavated. However, in Room 246 the distribution of bifaces and other 

lithic material throughout the room suggests that this room was a unit 

for at least some activities. 

The material from Room 246 may be in Griffin's (1969) terms 

"activity group residues indicating production by groups larger than 

individual families". He would consider this evidence of redistribution 

and centralized economic controls. A workshop involving multiple 

craftsmen may be interpreted in several ways. It could represent 

centralized control of an industry, or a lower-level industrial 

organization such as a craft guild, or an occupationally specialized 

social group such as an extended family. Much of the interpretation 

will rest on the reconstruction of the social organization drawn from 

other evidence. 

In the case of Room 246, the materials are much less restricted 

than those from Room 28, and the evidence that a number of different 

crafts were performed in Room 246 argues against any group organized for 

the pursuit of a single craft. Ciolek-Torrello (1978) suggests that 

some of the storage and manufacturing rooms in his central zones may be 

associated with clan houses or other communal structures, which may be 

controlled by different social groups within the pueblo. The clan house 

or mOiety house (Hawley 1950; Dozier 1965; Hill 1970b; Eggan 1950) is 

probably the best analog to compare to Room 246. Among modern Pueblos 

these are rooms which may have no architectural distinctions and are 

sometimes occupied by the head of a clan or sodality. Ceremonial 

paraphenalia is often kept here, and the rooms may be used for meetings 
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and ~or some ceremonies. Rivas and clan houses may also serve as 

gathering places ~or the men who belong to the clan or the ceremonial 

society, and both secular and religious cr~t activities may take place 

there (Dozier 1965; Hill 1970a, 1970b; Longacre 1970). 

Cr~ts ~racticed by men, including lithic manufacture, are 

expected in communal rooms with ceremonial functions, and have been 

reported in kivas from archaeological sites (Hill 1970a; Longacre 

1970). Room 246 offers a number of features, in addition to evidence of 

cr~t activities, which may be compared to those expected in clan houses 

and other communal rooms with ceremonial functions (Dozier 1965; Hill 

1970b; Adams 1983). It is the largest single room, other than the 

great kiva, at Grasshopper. This probably implies more than ordinary 

habitation use. During the early part of its occupation at least (Floor 

2) there were niches, a common feature of ceremonial architecture, in 

the north wall. A large oven may also indicate food preparation for 

more than a ~amily. TWelve child burials and two macaw burials 

originated from this floor. The latter are especially suggestive of a 

ceremonial significance ~or this room. The succeeding Floor 1, on which 

is the midden with evidence of lithic manufacture, also has evidence of 

ceremonial use. There is a hawk burial, and an unusual number of other 

bird bones in the midden. These include two other macaws, apparently I 

disturbed burials (J. Olsen 1980), and quail, pigeon, owls, jay, and 

raven which are rare on the site, as well as turkey. J. Olsen (1980) 

feels that many of these were probably exploited for feathers for 

ceremonial use. They could also have provided fletchings for arrows. 

Room 246 also has unusual numbers of exotic materials and ornamental 
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items, including worked shell, turquoise, steatite, bone, and quartz 

crystals. All of these are frequently found in burials and other 

ceremonial contexts~ and may also represent male craft activities. 

Although continuity of use between Floors 2 and 1 has not been 

proven, it is probable. I have suggested (Chapter 4) that Floor 1, 

which has no fire feature~, replaced Floor 2 at a time when a second 

story was added. This left Floor as a dark room suitable for discard 

and storage while the floor on the second story above took over the 

habitation and communal functions. The second story of Room 246 then 

would be a communally used room such as a clan house or kiva, where a 

number of men would work on crafts. It is possible that a full-time 

occupant is responsible for the bifaces, which account for a large part 

of the material. One person could have produced much of the rest as 

well, with only arrowheads and some of the non-flaking crafts being 

brought in, but at present there is insufficient evidence to test this. 

MY interpretations of Room 246 are based heavily on the lithic material, 

and lack comparable analyses of other material, especially 'the ceramic 

as semblage p which might support them. In any case, it is difficult to 

assess the degree of specialization represented in this room. There 

could be several different speCialists involved, or fewer, less 

specialized individuals. The artifacts could have been produced for the 

maker's use only, or for trade. Room 28 is a better example of a single 

individual producing large numbers of specific items in a defined 

workshop. 

Lithic Specialists at Grasshopper? 

Returning to the question of specialists, a few more suggestions 
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can be made about Grasshopper lithic craftsmen. There is a wide range 

of skill represented in the projectile pOints from burials and 

elsewhere. While the burials contain some unusually fine points, they 

also have some poorly made ones. Some of the knappers at Grasshopper 

were extraordinarily gifted, although this is a somewhat subjective 

evaluation. Points such as those from BUrial 76, or the long flared 

pOints of Set M in Burial 1~0 are extremely difficult to make without 

fracturing. Regardless of the aesthetic qualities, from a technical 

standpoint not one knapper in a hundred can produce a point like that 

from Burial 569 (Figure 9.1), and the work required would take an hour 

or more, judging b,y modern knappers. However, most of the points from 

Grasshopper are fairly mediocre, and those from Rooms 28 and 2~6 are 

among them. The points from Room 28 for instance could be made in 15 to 

30 minutes or less by any competent knapper. They are neither very thin 

nor very long, and'the large number of failures probably represents a 

large total output rather than a clumsy knapper. They are similar in 

form, but not very standardized. If standardization is evident, it is 

in the consistent manufacturing sequence used to produce them. Most of 

the points from Room 28 are completely flaked. A more efficient 

technique is to use a thinner flake blank which requires less retouching 

to shape and thin, as is the case for the points in Burial 6~1. 

SpeCialists in any craft should be a minority in the population. 

I have attempted to estimate numbers of knappers involved in the burial 

sets, but it is difficult to extend this to the pueblo as a whole. 

Burial 1~0 is the closest we come to a census at a single point in time. 

There are two levels in Burial 1~0 with assemblages of pOints that show 



317 

o 2 em. 

Figure 9.1 Point from Burial 569. 

A-43586. 
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very little overlap. The assemblages show some overall differences as 

well, for instance the points in Level 1 average considerably shorter 

than those in Level ·2 (Mean of L 1 = 287 mm, Mean of L 2 = 321 mm, 

T-test significant at .028 level). TWo hypotheses oan be proposed. The 

two levels may represent the last respects of two different social 

groups, each with its own knappers. If the spatial groups are personal 

quivers, each containing points by several knappers, exchange of points 

must have stayed mostly within the two social groups. The two levels 

appear to represent two funerary events in honor of one man, but with an 

unkn~Nn interval of time between them. This does not necessarily negate 

the possibility of two social groups, but makes it seem a little less 

likely. Another possibility is that the differences in points indicate 

an almost complete replacement of the population of knappers over the 

span of time between the deposition of the burial with Level 2 and the 

addition of Level 1. Both events occurred sometime between the founding 

of Grasshopper and the construction of the Great Kiva in Plaza 3 around 

A.D. 1340, a maximum span of about 40 years. The differences in the two 

assemblages of points could represent microevolution in point styles 

(Griffin 1967). At present there is no good way to test either 

hypothesis, but a comparison of the ceramics from both levels might be 

informative. 

I have defined 16 sets of points in Burial 140, and other 

knappers seem to be represented as well. The two levels of Burial 140 

present either two groups of a dozen or so knappers at two times, or one 

point at which there were some 25 or more. Counting all the evidence 

for individuals which I have dealt with, there are 16 sete in Burial 
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140, 13 from other burials, and one from Room 28. About 30 knappers are 

thus attested by definable sets of points, and at least that many more 

cannot be adequately documented. It is not possible to estimate what 

percent of the population at one time, or overall would have been 

involved in knapping. It can be said," however, that there were a fair 

number of knappers, and at different levels of skill and productivity; 

certainly there was not a small group of highly skilled artisans who 

monopolized production. 

Exchange 

The questions of surplus and exchange are also difficult to deal 

with. Surplus implies more than other households; that is evident in 

the assemblage from Room 28. If other households were making pOints, 

they were not doing so on anything like the scale of production seen in 

Room 28. Surplus for exchange also implies more than one would use 

oneself. This really cannot be measured, as it is not possible to 

accurately estimate the total production of the knapper in Room 28, nor 

do we know how many points a hunter would expend over a period of time 

which we cannot calculate accurately. If the spatial groups of points 

in Burial 140 reflect the hunting equipment in use b.1 individuals, they 

suggest that two to fifteen arrows were carried at a time. This seems 

too few b.1 ethnographic standards, but of course ignores the probability 

that many arrows had only a sharpened hardwood tip, without a stone 

point (Chapter 5). Room 28 is clearly unusual in its arrowhead 

industry, and it could be that the important element of specialization 

here is in hunting, and the points merely reflect intensive manufacture 

and maintenance of a professional hunter's gear. Arguing against this 
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is the scarcity of other flaked tools suitable for processing game, and 

the lack of unusual amounts of faunal material, although butchering and 

associated tool production need not have been done in the same context 

as point manufacture. However, the pOints were broken in manufacture, 

not in use as might be expected in discards from equipment repair, and 

there is only one of the shaft straighteners necessary to turn pOints 

into arrows. The best interpretation of Room 28 is that the occupant 

was an arrowhead maker. 

In no case was there evidence that the sets of points in more 

than one burial were made by the same individual, and no burial sets 

were connected to points from rooms. With an exhaustive study of points 

from all contexts at Grasshopper it might be possible to do this, but 

such a study has not been attempted. Such an analysis might make it 

possible to document exchange of points and trace some patterns of 

social relationships within the pueblo. I have suggested that the 

mixtures of point sets among different spatial groups in Burial 140 

could indicate that archers carried points made b,y a number of knappers. 

This could result from purchases from arrowhead or arrow making 

specialists. It could also reflect more casual exchange of points or 

arrows among many knappers, specialists or not. Gambling for arrows and 

other personal items is a form of exchange which is documented 

ethnographically in many cultures worldwide. There is even a Mimbres 

pot depicting men seated around a blanket with arrows beside them, 

probably gambling (Brody 1977:53, Fig. 19). This kind of small scale 

exchange need not even imply the production of goods in excess of what 

the maker expects to use. 
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Suggestions of intrasite exchange in points are at present 

limited to the mixture of sets in Burial 140, and the possibility that 

some point sets were made specifically for burials by some knappers. 

Grasshopper was involved in extensive trade which brought in macaws and 

copper bells, shell, turquoise, and ceramic vessels (J. Olsen 1980; 

Whittlesey 1914; Agenbroad 1982), and probably other goods of which 

there is less record. The knappers at Grasshopper used some imported 

obsidian. As Grasshopper is near an unusually plentiful source of high 

quality chert, and has a mors elaborate lithic assemblage than many 

Southwestern sites, it is reasonable to ask whether the pueblo may have 

been exporting chert tools. 

The large bifaces which occur only in Room 246 have suggested 

produotion for export to some (Deutchmafi, Powell and Nienue 1975). 

Evidence of such trade must be sought in sites in surrounding regions, 

and at present evidence is lacking. I have mentioned a looted burial 

from the Q-Ranch Pueblo (AZ P:13:13), which is in a neighboring valley. 

The Arizona State Museum has artifacts from this burial, which include a 

set of 10 pOints of Redwall chert which are compatible in form with 

points made at Grasshopper. There is also a large biface, but it 

differs in material and workmanship from any at Grasshopper. The sites 

in the Grasshopper region all utilized the extensive chert outcrops, but 

as I have mentioned (Chapter 5), none seem to be situated with the 

intention of control or large scale exploitation of these resources. 

While lithic tools and debitage are very plentiful at Grasshopper, even 

in Room 246 the estimated 50 kilograms of debitage could have been 

produced by a few men in a few days, and the amount is unimpressive when 



322 

compared with specialized lithic manufacturing sites in more highly 

organized cultures of Mesoamerica (e.g. Spence 1981; Shafer and Hester 

1983). It is probable that lithic tools formed a minor article of trade 

in and around Grasshopper, but there is no reason to believe that they 

were a major industry for export. 

Summary 

The picture of Grasshopper lithic industries which I have 

presented above fits very well with our ethnographic knowledge of orafts 

and exohange in recent Southwestern Pueblos. Beaglehole (1937) has 

desoribed the Hopi situation in words which could describe the situation 

whioh I think is shown b.Y the evidence at Grasshopper. 

Each Hopi household is largely a self suffioient 
produoing unit. This goes far to explain the relative 
absenoe of specialization in eoonomic aotivity whether 
of individuals or classes, and means that eaoh pursues 
the oocupation of oraftsman, farmer, hunter, or shepherd 
as the need, time, and occasion coincide (Beaglehole 
1937: 18). 

The classic type of Hopi education makes the 
eoonomic specialist practically non-existent. Eaoh 
ohild is thoroughly trained in all the conventional 
activities associated with the sex, though it is 
inevitable that some individuals for one reason or 
another stand out in the community as possessing greater 
skills than the average in such work as weaving, Silver, 
or skin working. These experts are oalled in whenever 
there is work to be done that requires an extra delicacy 
of treatment or perfection of finish. The employer 
usually provides the material to be worked and feeds the 
expert while he is employed. When the job is finished, 
compensation is paid in food, today occasionally in 
money (Beaglehole 1937:21). 

This sort of part-time expert craftsman in a population of 

competent generalists is the usual pattern in the reoent Pueblo 

Southwest, and throughout ethnographic western North America (Jorgensen 

1980). It is probably the level of speoialization reached by lithio 
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crafts at Grasshopper. 

Even such part-time specialization can produce widespread and 

enduring patterns of trade. Among the Hopi and other recent Pueblo 

groups, intravillage trade was frequent but casual. Beaglehole (1937) 

reports that men would collect items, especially yarn, from members of 

their kiva and take these to other kivas in the village to offer for 

trade. Women and men sometimes invite neighbors to come and trade for 

goods of their own manufacture or items which were traded or bought 

elsewhere. Most trading events of this sort are relatively 

non-competitive, the object being more to exchange surplus for desired 

goods than to accumulate profits on transactions (Dozier 1966, Ellis 

1981). Ceremonies were often an occasion for trade, and could be 

expected to draw not only neighbors, but members of other villages and 

even other tribes. Intravillage exchanges took place not only as trade, 

but as gifts between friends and formalized reciprocity among kinsmen, 

and distribution of food and other items bY sodalities involved in 

ceremonial events (Titiev 1944; Beaglehole 1937; Ford 1972a, 1972b). 

I have 

maintained by 

already described the widespread 

the ethnographic Pueblos (Chapter 2). 

trade networks 

These moved food 

and utilitarian items as well as ceremonial and luxury goods of exotic 

material or foreign manufacture. In spite of their variety, durability, 

and probable importance, the trade networks of historic times did not 

produce professional traders, full-time craft speCialists, or a 

managerial elite. No convinoing quantified arguments have yet been 

produced to show that prehistoric trade was more important. At present 

reconstructions of prehistoric Southwestern cultures that suggest the 
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development of social stratification through elite control of exchange 

are hypothetical at best. 

The available information on historic Pueblo craft production 

and trade is probably applicable to the lithic industry at Grasshopper. 

Low level, part-time specialists, a high level of household 

self-sufficiency, and uncentralized but extensive trade networks suffice 

to explain the lithic industry, and probably the other crafts in the 

pueblo. Those who argue that the prehistoric Pueblo groups were much 

more centralized than the ethnographic Pueblos and point to exchange as 

a major factor in the centralization of authority and stratification of 

Pueblo society must deal with several problems in their argument. In 

order to argue that trade was more important in the past than recently 

they must present some comparisons. Trade was important in ethnographic 

times, but there are no quantifiable data on the numbers of items, the 

frequency of exchange, or the energy expended and brought in. The 

situation is much worse for the prehistoric Pueblos, where the only 

things which can be quantified are the numbers of items recovered, and 

the distances they traveled. 

Arguments for large scale production of exportable items must be 

based on a detailed knowledge of the crafts involved, with concrete 

evidence for manufacture and distribution patterns. This is rarely 

done, and none of the industrial manifestations in the Southwest even 

approaches the scale of the Mesoamerican craft industries, or even the 

evidence of turquoise and shell working and macaw raising from Casas 

Grandes (DiPeso 1974). Manufacturing evidence exists at many 

Southwe3tern Sites, but until more of it is studied intensively, it will 
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there is evidence for full-time craft 

centralized manufacturing and trading 

the burden of proof is on those 

archaeologists who have proposed the presence of such economic and 

social patterns in the Southwest. 



CHAPTER 10 

CONCLUSIONS 

In the-preceding chapters I have presented a methodology for 

studying the organization of prehistor1c craft industries based on the 

identification of individual artisans. 

Societies are composed of individuals whose activities produce 

the remains of material culture analysed by archaeologists. It is 

usually very difficult to separate the products of one craftsman from 

similar artifacts made by another. This is especially true where all 

occur together in the same contexts, as is the case in most 

archaeological situations. 

In rare instances, groups of similar artifacts are contextuallY 

separated in ways suggesting that different individuals produced or 

owned them. At Grasshopper, projectile points in burials were 

intentionally associated with a specific deceased individual, and formed 

sets which were consistent within a grave and different from sets in 

other graves. This allowed an initial hypothesis that the variation 

between sets of pOints might result from their manufacture by different 

craftsmen. Two further steps were used to evaluate this hypothesis. 

The point sets from burials were analysed by discriminant 

analysis to test consistency within sets and differences between sets, 

and to identiI~ the attributes which distinguished different sets. The 

attributes used were chosen on the basis of theoretical expectations and 
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Two major 

classes of attributes were defined: attributes of fo~ and attributes 

of execution. 

Attributes of form are those frequently described as stylistic 

attributes. They are readily visible att~ibutes of size, shape, and 

decoration which may be intentionally varied by a craftsman to convey 

information about his social identity, or the ownership and nature of 

the artifact. They are also unconsciously varied by individuals who 

differ in perceptions, goals, habits, and abilities. 

Attributes of execution are more likely to be completely 

unconscious. They represent variation in the way things are made, 

differences in motor performance capabilities, habits, skills, and 

actions. 

The attributes of form used in analysing the Grasshopper point 

sets were mostly metrical 

length, width, thickness, 

attributes 

and indices 

measuring dimensions such as 

of these, or describing 

elaborations of form such as notches and basal concavities. Previous 

work with stone tools (Gunn 1975) had shown that individual knappers 

differ in the patterning of f~ake scars on the tools they produce. Two 

systems for describing flake scar patterns provided attributes of 

execution for the analysis of bUrial points. Discriminant analyses of 

the burial sets confirmed that they were consistent and distinctive in 

both metric attributes of form and flake scar patterning attributes of 

execution. 

The second step in testing the hypotheSiS of individual 

variation was to confirm that the attributes which distinguished point 
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sets in burials also distinguished point sets in a controlled situation. 

Five modern knappers produced sets of points, attempting to copy a 

single point from Grasshopper. All the replications differed from the 

original in attributes of form and execution. Consistent patterns in 

these differences indioated that even in copying a single template old 

habits, training, abilities, and perceptual differences were expressed. 

When the sets of replications were exam1ned using the same attributes 

and discriminant anal~;sas as were applied to the burial sets, the 

replicated sets were also distinct and consistent. This success in 

identifying the products of known individuals strongly supported the 

hypothesis that burial sets, wh1ch were distinguished by the same 

attributes, co~ld be attributed to different knappers. 

If studies of individual variation are to be most useful, we 

must learn to identify individual craftsmen in mixed contexts. Two 

rooms with manufacturing debris and 

points were examined with this 

a burial 

in mind. 

(Burial 1~O) with 128 

Available statistical 

techniques are more equivocal in partitioning an assemblage into new 

interpretable subsets than in testing previously selected subsets. The 

large amount of random variation in some of the attributes used was also 

a problem. However, I identified, with varying degrees of confidence, a 

number of sets which probably represent the work of different knappers 

all mixed together in B\wial 140. It was also possible to show that two 

rooms with workshop debris from point manufacture differed in tne number 

of knappers involved in producing points. 

Lithic debris in Room 28 contained almost noth1ng but points and 

waste from their manufacture. The points were similar and probably made 
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by the same knapper. In contras~, Room 246 had a variety of points, 

plus numerous other lithic items, and is best interpreted as a clan 

house or similar communal room where a number of men pursued craft 

activities. 

Using the point sets made by individual knappers, the two 

different workshop deposits, and a variety of other information, it was 

possible to conclude that points and o~he~ llth1C tools at Grasshopper 

were produced by many of the pueblo's occupants, with specialization at 

only a low level. Lithic crafts a~ Grasshopper were probably similar in 

their organization to crafts in the historic Pueblos, with no 

centralized organization of production or distribution. Some 

individuals were probably part-time craft specialists, but most people 

would have produced most of their own tools, and there is no eVldence 

for any small group of highly specialized artisans living primarily by 

the exchange of their craft products. This suggests that some recent 

reconstructions of the prehistoric Pueblos as highly organized and 

Dpecialized centers for production and distribution should be received 

with caution. 

Studies of individual variation are new and there are a number 

of improvements that need to be pursued. We need a better understanding 

of the kinds of attributes that distinguish individuals, and how these 

attributes are produced, varied, and controlled. We also need to 

increase our statistical and theoretical ability to separate tne work of 

individuals in mixed contexts and to trace the distribution of a 

craftsman's products through a community or even a region. I did not 

attempt this at Grasshopper, but my results suggest that it might 
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eventually be possible. Even lithic artiracts can express individual 

variation, and more complex artifacts such as ceramic vessels should be 

even more distinctive. 

Studies of individual variation are difficult and time consuming 

because of the need for large samples, contextual control, and attention 

to minutely detailed attributes. The Grasshopper material shows that 

they can be worthwhile. Technology and craft industries are an 

important aspect of the economic organization of a society. If 

individual craftsmen can be traced, it is sometimes possible to see how 

they cooperated, specialized, exchanged ideas and goods, and 

partiCipated in the economic and social systems of the community. From 

the artifacts we can identifY some individuals, by tracing individuals 

we see groups and interactions, and these illuminate the larger patterns 

of organization that we are attempting to describe. 



APPENDIX A 

METRIC DATA USED IN ANALYSIS 

The attributes used in the discriminant analyses were described in 
Chapter 7. This appendix gives data on all points for those a~tributes 
plus a number that were not used in the statistical analyses. All 
measurements are given in m11~ime~ers. 

Metric Attributes Defined 

PROV = Burial number or other provenience. 

CAT = Catalogue number or other identir-ication. 

L = Length. Vertical from base to tip, base horizontal. 

W = Width. Maximum at base. 

MW = gid-point Width. At 1/2 length, measured and marked to 
prevent a tendency to place too low. 

MT = Mid-point Thickness. 

MxT = Maximum Thickness. 

BC = Basal Concavity depth. Maximum from horizontal line across 
basal corners. 

ND = Notch depth. The deepest notch, maximum depth from line 
across notch tangent to edge of pOint. 

NH = Notch Height. Height or length from base (line across basal 
corners) to center of deepest notCh. 

MW/MT = Mid-point Width divided by Mid-point Thickness. 

L/W = Length divided by Width. 

L/NH = Length divided by Notch Height. 

W/MW = Width divided by Mid-point Width. 
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C = Condition of point. 
o = complete 
1 = tip missing (Length estimated by intersection of 

lines of edge if less than 1/4 is missing, if more 
than 1/4 missing, no Length measured) 

2 = corner missing 
3 = base missing (no length measured) 
4 = unfinished point (thick, irregular form, platforms) 
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5 = aberrant form (same measurements impossible or not comparable) 

M = Material. 
1 = obsidian 
2 = chert 
3 = chalcedony 
4 = shale/slate 
5 = quartz crystal 

T = Type. Rough classes of point form. 
1 = stub 
2 = short broad triangle 
3 ~ straight-sided long triangle (L>300) 
4 = Flared-base long triangle 
5 = Flared-base short triangle or stUD (L<300) 
6 = Notched stub 
7 = Notched short broad triangle 
8 = Notched long triangle 
9 = Not used 
10 = Short straight triangle (L<300) 
11 = Notched short straight triangle 
12 = Aberrant form 
13 = Archaic form 
14 = Tailed point (Stem as long as rest of pOint, not STPC) 

S = Symetry. Subjective ranking. 
o = asymetrical 
1 = average 
2 = superior 

Q = Quality of work. Subjective judgement based on regularity 
and fineness of form and flaking. 
o = poor 
1 = average 
2 = superior 

F = Original flake surfaces. Percent of both faces combined 
showing original surfaces of flake blank not removed by 
subsequent thinning and retouch. 
o = none 
1 = <10% of total surfaces 
2 = 10-25% 
3 = 25-50% 
4 = >50% 



Metri c .llatil 

MxT MW IMT L/NH 
PROV CAT L W MW MT I BC ND NH I L/W W/MW C M T S Q F 

BURIAL 76 
76 28073A 519 112 75 25 30 11 0 
76 28073B 504 131 80 20 25 12 0 
76 28073C 495 106 63 22 25 23 0 
76 28073D 485 121 75 16 24 9 0 
76 28073E 482 132 71 20 25 9 0 
76 28073F 485 129 70 17 24 10 0 
76 28073G 462 125 72 15 20 2 0 
76 28073H 450 128 70 20 24 0 0 
76 280731 446 124 70 26 29 19 0 
76 28073J 433 132 65 24 29 9 0 

BURIAL 129 

o 300 463 
o 400 385 
o 286 467 
o 469 401 
o 355 365 
o 412 3'(6 
o 480 370 
o 350 352 
o 269 360 
o 271 328 

o 149 0 2 3 2 2 0 
o 1b4 0 2 3 2 2 1 
o 168 0 2 4 2 2 1 
o 161 0 2 3 2 2 0 
o 186 0 2 4 2 2 0 
o 184 0 2 4 2 2 0 
o 174 0 2 4 2 2 1 
o 183 0 2 4 2 2 0 
o 177 0 2 4 2 2 1 
o 203 0 2 4 2 2 0 

129 28954 200 108 62 27 30 0 13 82 230 185 244 174 0 2 11 0 0 0 
129 28953 340 123 82 24 35 12 0 0 342 276 0 1~0 0 2 3 1 1 0 
129 28955 186 134 85 23 25 12 13 80 370 139 233 158 0 2 7 1 0 3 

BURIAL 190 
190 28975 341 143 70 19 2U 2u 0 
190 28976 305 101 61 21 26 6 0 
190 28992 346 144 79 17 20 15 0 
190 28977 310 90 0 0 21 12 0 

BURIAL 298 
298 29719 281 135 64 20 24 16 0 
298 29720 375 153 75 28 31 12 0 
298 29721 280 140 76 30 35 10 0 
298 29722 285 135 70 20 28 5 0 
298 29723 346 99 69 25 32 10 0 
298 29724 390 148 85 17 19 6 0 

BURIAL 323 
323 29881 
323 29889 
323 29690 
323 29891 
323 29893 
323 29894 
323 29895 
323 29896 
323 29897 

212 121 60 25 26 15 0 
294 84 54 22 28 0 0 

o 0 0 0 24 99 0 
330 89 65 25 25 0 0 
375 86 55 25 25 0 0 
337 99 60 26 28 0 0 
301 72 52 21 25 1 0 
292 80 60 22 27 0 0 
310 81 60 26 28 0 0 

o 3b8 238 
o 290 302 
o 465 240 
o 0 344 

o 320 2u8 
o 268 245 
o 253 2UO 
o 350 211 
o 276 349 
o 500 264 

o 240 175 
o 245 350 
000 
o 260 371 
o 24:!0 436 
o 231 340 
o 248 418 
o 273 365 
o 231 383 

o 2u4 0 2 4 1 1 2 
o 166 1 2 4 1 1 0 
o 182 0 2 4 2 2 0 
o 012 4 1 1 0 

o 211 1 2 4 1 1 2 
o 204 1 2 4 1 1 0 
o 184 1 2 4 0 1 0 
o 193 1 2 4 1 1 1 
o 143 1 2 3 1 1 0 
o 174 1 2 3 1 1 4 

o 202 0 2 5 1 1 0 
o 156 0 2 3 1 0 1 
003 2 3 1 1 3 
o 137 0 2 3 1 0 2 
o 1~6 0 2 3 1 0 3 
o 165 0 2 3 1 0 2 
o 138 0 2 3 0 0 1 
o 133 0 2 3 1 0 2 
o 135 0 2 3 1 0 2 
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I1IIBlaL 367 
367 35127B 344 114 80 32 35 8 0 o 250 302 o 143 1 2 301 1 
367 35127C 35tS 104 69 22 26 7 0 o 314 344 o 151 2 2 3 1 1 0 
367 35127D 320 111 81 23 26 10 0 o 352 288 o 137 0 2 3 1 1 1 

IIIIBlaL 36] 
381 352221 409 129 72 24 26 10 0 o 300 317 0 179 0 2 4 1 1 3 
381 352222 ~60 130 69 21 25 9 0 o 329 354 0 188 0 2 4 1 1 1 
381 352223 382 130 71 25 28 1 0 o 284 294 0 183 0 2 4 1 1 1 
381 352224 451 111 66 25 30 5 0 o 264 406 o 168 0 2 4 1 1 0 
381 352225 319 120 69 23 25 9 0 o 3UO 2b6 Q 174 0 2 4 1 1 1 
381 352226 327 140 73 27 35 0 0 o 270 234 o 192 0 2 4 1 1 0 

IIIIBlaL !ISO 
450 35719 330 109 90 32 39 2 15 78 281 303 423 121 0 2 8 1 0 
450 35718 397 116 94 29 30 0 0 o 324 342 o 123 0 2 3 1 2 
450 35717 310 104 65 29 30 0 0 o 2~4 2y8 o 1bO 0 2 3 1 1 
450 35716 267 130 81 26 30 0 0 o 312 205 o 160 0 2 10 1 0 
450 35745 287 133 80 25 31 0 0 o 320 216 o 1b6 0 2 10 1 1 

I1IIBlaL !ll7 
477 35988 446 130 76 26 30 10 0 o 292 343 0 171 0 2 421 1 
477 35990 428 141 73 21 31 9 0 o 348 3u4 0 193 0 2 4 1 1 0 
477 35881 180 96 70 27 28 11 0 o 259 188 0 137 0 2 1 1 o 3 
477 35890 140 111 69 20 20 0 0 o 345 126 0 1b1 1 2 10 1 o 3 
477 35933 220 99 72 24 25 0 0 o 300 222 0 138 2 2 10 1 o 4 
477 35984 147 91 65 18 19 5 0 o 3b1 1b2 0 140 0 2 10 1 o 3 
477 35985 172 97 65 18 18 5 0 o 361 177 o 149 0 2 10 1 1 3 
477 35989 141 82 58 14 14 3 0 o 414 172 o 141 0 2 1 1 o 4 
477 35991 170 100 68 24 25 0 0 o 283 170 o 147 0 2 10 1 1 2 
477 35986 115 93.5120 20 7 0 o 2:,5 124 o 182 0 2 5 1 0 2 
477 35891 147 76 60 25 26 0 0 o 240 193 o 127 0 1 10 0 1 0 
477 35983 128 76 49 20 20 0 0 o 245 1b8 o 1!>5 0 1 5 1 0 2 
477 35987 126 95 66 20 20 0 0 o 330 133 o 144 0 1 10 0 0 0 

:aIIBIAI.. S6a x = 75-11-
588 x0060 320 123 81 16 2~ 9 22 59 506 260 542 152 1 2 8 2 1 1 
588 x0061 365 133 89 21 28 21 22 95 424 274 384 149 0 2 8 120 
588 x0062 457 133 96 22 25 11 0 o 436 344 o 139 1 2 3 1 1 0 
588 x0063 422 122 81 24 24 9 0 o 338 346 o 151 1 2 3 1 1 2 
588 x006!J 226 129 77 22 26 12 0 o 350 1'(5 o 1b8 0 2 5 1 1 3 
588 xo065 492 121 79 26 28 11 0 o 304 407 o 153 1 2 3 220 
588 x0067 360 127 84 25 31 14 23 105 336 283 343 151 0 2 8 1 2 0 
588 x0068 426 125101 21 25 17 29 90 481 341 473 124 0 2 822 1 



BURIAL 641 x = 75-11-
641 x1033A 359 114 71 21 28 6 19 89 338 315 403 161 0 2 8 2 2 1 
641 x1033B 327 122 71 18 28 5 19 80 394 208 409 1'(2 0 2 8 1 1 2 
641 xl033C 337 108 77 19 20 0 21 75 405 312 449 140 0 2 8 1 1 2 
641 xl033D 328 114 71 22 25 2 20 73 323 2HH 4~9 1bl 0 2 8 1 1 1 
641 x1033E 285 111 75 23 25 0 22 73 326 257 390 148 0 2 11 1 2 1 
641 x1033F 279 100 71 21 26 0 20 57 338 279 4~9 141 0 2 11 1 1 2 
641 x1033G 249 119 73 21 23 6 17 66 348 209 377 163 0 2 11 1 1 1 
641 x1033H 250 105 77 23 23 2 18 72 335 2j8 347 136 0 2 11 1 1 1 
641 x10331 309 120 85 21 23 0 20 84 405 258 368 141 0 2 8 0 1 3 
641 x1033J 286 100 61 13 21 2 16 70 469 2H6 409 lb4 0 2 11 0 1 1 
641 xl033K 300 101 60 18 21 0 18 69 333 297 435 168 0 2 11 2 1 0 
641 xl033L 332 116 60 15 21 3 19 79 400 2H6 420 193 1 2 8 1 1 2 

BURIAL 28-B. SPOTTED MOUNTAIN RUIN 
28B FNl 412 136 88 23 27 9 20 75 383 303 549 155 1 2 8 2 1 3 
28B FN2 396 131 80 29 31 15 18 78 276 3U2 508 lb4 0 2 8 2 1 0 
28B FN3 340 131 71 27 29 10 19 67 263 260 507 185 0 2 8 2 1 1 
28B FN4 269 129 73 34 34 14 14 73 215 2U9 3b8 177 0 2 10 1 1 2 
28B FN5 287 125 73 20 22 15 16 66 365 230 435 171 0 2 10 2 1 2 
28B FN6 254 102 66 21 21 4 15 6~ 314 249 397 155 0 2 10 1 1 2 
28B FN7 234 120 74 25 28 7 19 55 296 195 425 162 0 2 10 1 1 2 
28B FN8 290 102 66 30 35 17 14 64 2~O 2~4 4~3 1~5 1 2 10 1 1 0 

CACHE. ROOM 45 
45 341841 262 123 86 20 27 2 19 
45 341842 275 123 80 25 25 1 16 
45 341843 310 113 85 26 28 8 19 
45 341844 235 120 80 26 28 4 16 
45 341845 250 119 79 20 21 4 19 
45 341846 255 123 74 23 30 11 18 
45 341847 256 115 80 25 25 5 20 
45 341848 274 115 81 21 22 2 21 

BURIAL 14Q LEVEL 1 
140 28791 280 142 90 30 30 14 0 
140 28792 243 124 75 26 26 8 0 
140 28793 276 0 66 22 22 10 0 
140 28794 264 137 86 20 20 13 0 
140 28795 383 151 91 22 24 11 0 
140 28796 300 154 92 29 29 5 0 
140 28797 400 139 82 20 25 15 0 
140 28798 269 125 71 30 30 2u lb 
140 28799 221 105 79 28 28 9 0 
140 28HOO 212 85 56 32 33 8 0 
140 28801 216 96 60 20 20 9 0 
140 28H02 242 121 66 21 28 11 12 
140 28803 515 166 84 28 35 10 0 
140 28H04 226 1u3 72 26 31 16 0 
140 28805 305 125 86 24 29 9 0 
140 28806 0 150 0 0 0 16 0 

78 430 213 336 143 0 2 11 1 1 2 
58 320 2~4 474 1~4 0 2 11 2 1 2 
71 327 274 437 133 0 2 11 2 1 1 
67 308 196 351 1~0 0 2 11 1 1 2 
60 395 210 417 151 0 2 11 113 
79 322 207 323 1b6 0 2 11 1 1 0 
66 320 223 388 144 0 2 11 1 1 1 
63 386 238 435 142 0 2 11 1 1 2 

o 300 197 0 158 0 2 10 1 1 1 
o 288 196 0 165 0 2 10 0 1 1 
o 300 0 0 0 2 2 10 1 1 0 
o 430 193 0 1~9 0 2 10 1 1 3 
o 414 254 0 166 1 2 3 1 1 3 
o 317 195 0 167 0 2 2 1 1 2 
o 410 288 0 170 0 2 3 2 2 1 

75 2j7 215 3~9 116 0 2 11 1 1 1 
o 282 210 0 133 0 2 1 ; 1 1 
o 175 249 0 152 1 1 10 1 1 0 
o 300 225 0 160 0 1 10 1 1 2 

70 314 2UO 346 183 0 2 11 1 1 1 
o 300 310 0 198 1 2 4 1 1 1 
o 277 219 0 143 0 1 1 1 1 0 
o 358 244 0 145 0 2 3 0 0 3 
o 0 ouo 0 0 1 2 0 9 9 9 

335 



336 

140 28807 248 134 86 2ij 28 13 0 o 358 18!> o 156 0 2 10 1 o 2 
140 28808 329 120 80 23 25 14 0 o 348 274 o 150 1 2 3 1 1 2 
140 28B09 242 126 73 21 27 15 0 o 34B 192 o 1'{3 0 2 5 1 1 2 
140 28810 341 152 93 28 31 10 0 o 332 224 o 163 0 2 3 1 1 1 
140 28B11 464 163 80 25 28 19 0 o 320 285 o 204 0 2 402 1 
140 28812 304 135 76 22 23 12 0 o 345 225 o 178 0 2 10 1 1 2 
140 28813 405 120 78 30 31 19 0 o 2bO 338 o 154 0 2 301 2 
140 28814 143 102 67 22 24 5 0 o 305 140 o 152 0 2 10 1 1 2 
140 28815 300 127 78 25 28 25 0 o 312 236 o 1b3 1 2 3 1 1 0 
140 28816 329 144 82 24 26 10 0 o 342 228 o 176 0 2 3 1 1 3 
140 28H17 304 147101 1b 24 8 0 o 631 207 o 1ij6 0 2 2 1 0 3 
140 28818 239 147 88 25 30 13 0 o 352 163 o 167 0 2 2 1 1 0 
140 28819 253 116 87 26 2H 2 0 o 335 2".8 o 133 0 2 1 1 1 3 
140 28820 324 126 86 29 31 9 0 o 297 257 o 147 0 2 3 1 1 1 
140 28H21 276 107 53 19 23 9 0 o 279 258 o 2u2 0 2 10 1 0 2 
140 28822 315 140 79 15 19 18 0 o 527 225 o 177 0 2 3 1 1 3 
140 28B23 200 112 55 14 20 18 5 60 393 179 333 204 0 3 600 4 
14028824 174 122 89 23 23 o 13 60 387 143 290 137 0 4 6 004 
140 28825 190 105 59 2u 27 0 0 o 295 181 o 178 0 1 1u 1 1 0 
140 28826 304 125 76 19 21 9 0 o 400 243 o 164 1 2 3 1 1 0 
140 28827 275 129 83 30 30 6 0 o 277 213 o 155 0 2 10 1 1 2 
140 28828 236 171 96 24 24 19 19 70 400 138 337 178 0 4 7 1 0 4 
140 28829 215 147 9~ 29 30 10 0 o 334 146 o 1!:>2 2 2 2 1 0 1 
140 28830 401 129 6 25 31 10 0 o 272 311 o 190 2 2 411 1 
140 28831 400 128 8!> 30 3b 12 0 o 283 313 o 151 0 2 3 1 1 2 
"140 28832 140 106 74 20 20 5 0 o 370 132 o 143 0 2 10 1 1 1 
140 28833 345 141 95 25 30 32 19 97 380 245 356 148 0 2 8 1 1 1 
140 28834 280 155 92 23 24 5 0 o 400 181 o 169 1 2 211 4 
140 28835 325 142 90 32 32 12 19 40 281 229 813 158 0 2 8 1 1 1 
140 28836 236 155111 25 28 12 0 o 444 152 o 140 2 2 2 1 1 2 
140 28B37 316 112 74 21 25 9 0 o 352 2H2 o 1!)1 0 2 3 1 1 0 
140 28838 273 161 89 21 22 2 0 o 424 170 o 181 0 2 2 1 1 4 
140 28839 180 112 79 21 22 0 0 o 376 1b1 o 142 0 2 1 1 0 4 
140 28840 358 148 82 21 27 12 0 o 391 242 o 180 0 2 4 1 1 0 
140 28841 390 170100 25 27 21 0 o 400 229 o 1'(0 0 2 300 4 
140 28842 278 146 90 35 36 0 0 o 257 190 o 162 1 2 10 1 1 0 
140 28B43 230 107 58 26 27 18 0 o 223 215 o 184 2 2 10 1 1 0 

BURIAL ] ~Q LEiEI. 2 
140 28844 266 119 78 22 25 10 0 o 355 224 o 153 0 2 10 1 0 
140 28847 250 145106 22 29 8 0 o 4H2 172 o 137 0 2 2 1 1 3 
140 28848 432 167106 23 24 12 0 o 461 259 o 158 0 2 322 2 
140 28849 342 126 70 20 30 10 0 o 350 271 o 180 0 2 321 1 
140 28850 386 131 76 20 23 20 0 o 380 295 o 172 0 2 4 1 1 2 
140 28851 396 168 93 30 33 11 0 o 310 236 o 181 0 2 321 1 
140 28852 479 161104 26 31 15 0 o 400 298 o 155 0 2 322 2 
140 28853 261 155123 19 25 10 25 60 647 168 435 126 0 2 701 4 
140 28854 300 164120 31 33 14 26 75 387 183 400 137 0 2 7 1 1 3 
140 28855 247 175112 2!> 29 8 26 71 4ij8 141 348 156 0 2 7 1 0 4 
140 28856 319 191116 32 36 20 20 82 363 167 389 165 0 2 7 1 1 0 
140 28857 530 177102 30 3u 10 0 o 340 299 o 174 0 2 4 222 



140 28B58 
140 28859 
140 28860 
140 28861 
140 28862 
140 28863 
140 28H64 
140 28865 
140 28866 
140 28867 
140 28868 
140 28869 
140 28B70 
140 28871 
140 28872 
1JI0 28873 
140 28874 
140 28875 
140 28l:i76 
140 28877 
140 28878 
140 28879 
140 28880 
140 28881 
140 28882 
140 28883 
140 28884 
140 28885 
140 28886 
140 28887 
140 28888 
140 28889 
140 28890 
140 28891 
140 28B92 
140 28893 
140 28894 
140 28895 
140 28896 
140 28897 
140 28898 
140 28899 
140 28900 
140 28901 
140 28902 
140 28903 
140 28904 
140 28905 
140 2890b 
140 28907 
140 28908 

398 152 92 25 27 9 0 
209 105 60 21 21 12 0 
237 140114 33 35 24 20 

o 116 0 0 28 0 24 
400 166 82 25 32 11 0 
363 115 78 19 26 11 0 
410 130 93 22 31 17 0 
376 116 89 24 25 20 0 
260 142102 3b 38 0 0 
200 140 86 19 22 9 22 
385 121 75 30 32 15 0 
509 156 83 20 25 10 0 
367 149 69 22 22 2 0 
505 143 84 22 30 10 0 
330 145 80 26 28 17 0 
408 173 84 23 28 26 0 
372 90 77 26 30 31 0 
341 146101 27 35 16 0 
319 128 66 29 34 37 0 
274 165103 28 30 13 0 
173 96 59 2~ 2~ 6 0 
310 146 66 25 28 8 0 
300 140 91 27 29 7 18 
380 134 77 31 34 11 0 
357 155 70 31 40 0 0 
255 174 82 23 25 15 0 
338 128 76 .2~. 31 30 0 
170 98 60 20 20 0 0 
270 167 81 22 27 15 0 
232 111 73 20 20 10 0 

o 140 0 0 17 13 0 
414 174116 25 31 13 0 
512 169 76 22 23 7 0 
366 146 90 24 26 19 0 
391 129 77 30 34 0 0 
412 155 92 27 32 9 0 
460 140 9~ 38 42 0 0 

o 143 0 0 32 8 0 
352 141 85 20 24 11 0 
305 136 80 25 25 0 0 
292 131 80 2~ 2~ 0 0 
242 140 92 20 20 15 0 
206 111 86 26 29 11 0 
352 155 99 28 31 13 0 
452 156 90 27 30 37 0 
199 136 89 19 23 8 0 
325 124 81 2i:! 2b 19 0 
204 178 85 21 23 15 0 
300 155 95 20 21 12 0 
174 112 65 28 30 7 0 
365 123 76 25 32 5 0 

o 368 262 0 1b5 0 2 3 2 1 3 
o 286 199 0 175 0 1 10 0 1 2 

52 345 169 456 123 0 1 1i:! 0 1 1 
57 0 0 0 0128119 
o 328 2~1 0 202 0 2 4 2 1 1 
o 411 316 0 147 0 2 3 1 1 1 
o 423 315 0 1~0 0 2 3 2 1 1 
o 371 324 0 130 0 2 3 1 2 1 
o 2B3 183 0 139 0 2 2 1 1 1 

43 453 143 465 163 2 2 7 1 1 2 
o 2~0 318 0 1b1 0 2 4 1 1 0 
o 415 326 0 188 0 2 4 2 2 1 
o 314 2~6 0 2i6 0 2 4 2 2 2 
o 382 353 0 170 0 2 3 1 1 2 
o 308 2i:!8 0 181 0 2 4 1 1 1 
o 365 236 0 206 0 2 4 2 2 0 
o 275 413 0 117 0 2 4 2 1 1 
o 374 234 0 145 0 2 3 1 1 2 
o 228 2q9 0 19~ 0 2 4 1 0 2 
o 368 166 0 160 0 2 2 1 1 1 
o 2~6 180 0 163 0 1 10 0 0 3 
o 264 212 0 221 1 2 4 0 1 2 

55 337 214 5q5 154 0 2 8 2 1 3 
o 248 284 0 174 0 2 3 1 1 0 
o 226 230 0 2i:!1 0 2 4 1 1 0 
o 357 147 0 212 0 2 5 1 1 0 
o 292 264 0 168 0 2 3 1 1 2 
o 300 173 0 163 0 2 5 1 0 3 
o 3b8 162 0 2u6 0 2 5 1 1 1 
o 365 209 0 152 2 2 3 1 0 4 
000 001 2 3 1 0 4 
o 464 238 0 150 0 2 3 1 0 2 
o 345 3u3 0·2i:!20 2 4 2 2 2 
o 375 251 0 162 1 2 3 0 1 0 
o 257 3U3 0 1b8 0 2 10 2 1 2 
o 341 266 0 168 1 2 4 1 1 0 
o 2~7 329 0 149 0 2 3 1 1 2 
o 0 0 0 0 1 2 12 1 1 2 
o 425 250 0 1b6 0 2 4 1 1 2 
o 320 224 0 170 0 2 3 2 1 2 
o 333 223 0 1b4 0 2 3 1 1 3 
o 460 173 0 152 0 2 2 1 1 3 
o 331 186 0 1i:!9 0 2 1 1 1 0 
o 354 227 0 157 0 2 3 1 1 2 
o 333 290 0 173 0 2 3 1 1 2 
o 468 1 46 0 153 0 2 3 1 1 2 
o 3b8 262 0 1~3 0 2 3 1 1 2 
o 405 115 0 209 0 2 5 2 2 0 
o 470 194 0 1b3 0 2 2 1 1 2 
o 232 155 0 172 0 2 10 1 1 0 
o 304 297 0 162 0 2 3 2 1 0 
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140 28909 290 117 69 27 30 13 0 
140 28910 214 102 59 25 27 0 0 
140 28911 211 80 68 20 22 8 0 
140 28912 236 95 65 22 26.5 0 
140 28913 414 122 72 26 31 7 0 
140 28914 317 125 86 29 30 20 0 
140 28915 199 98 75 19 19 6 0 
140 28916 155 87 53 27 27 6 0 
140 28917 250 131101 23 26 10 15 
140 28918 215 132 66 28 32 15 0 

ROOM 246 • = 74-13- x = 75-11-
LEVEL 5-6 

R246 FN1164 200 100 77 19 19 0 0 
R246 FN1195 247 100 93 28 31 ·0 0 
R246 FN1535 332 100 67 34 34 15 0 
R246 FN1537 304 125 80 17 20 11 21 
R246 FN2164 195 79 60 29 29 0 0 
R246 00145 299 122 80 16 26 2 26 
R246 00170 342 166120 36 36 0 35 
R246 '0201 360 141 75 21 27 10 23 
R246 '0411 344 117100 26 26 0 20 
R246 '0491 240 144 8y 29 29 9 0 
R246 '0561 320 128 86 20 22 11 20 
R246 x0016 146 99 80 25 25 10 22 
R246 x0131 288 136100 20 24 15 0 
R246 x0134 255 102 61 2ij 24 0 0 
R246 x0221 220 122 91 30 30 5 17 
R246 x0275 217 111 74 30 30 0 16 

OTHER LEVELS 
R246 FN124 221 126102 30 31 13 20 
R246 nl188 312 131 89 20 28 0 30 
R246 FN239 300 112 86 26 26 10 22 
R246 FN332 230 100 66 25 32 0 15 
R246 FN495 200 136 90 21 21 10 26 
R246 FN1997 358 121 88 23 23 8 0 
R246 FN2289 282 159100 28 30 0 25 
R246 FN2432 250 90 75 21 21 7 15 
R246 '0009 325 117 70 20 27 6 0 
R246 '0081 245 100 75 21 29 0 20 
R246 '0438 274 140 83 31 32 0 24 
R246 '0497 266 131107 32 37 18 18 
R246 :0321 285 120 81 26 26 10 20 
R246 x0468 271 135 89 21 24 9 0 
R246 x0546 366 137 85 20 28 12 0 
R246 x0748 329 136 76 23 32 10 0 

o 256 248 0 170 0 2 3 1 1 1 
o 236 210 0 173 0 2 5 1 0 3 
o 340 264 0 118 0 2 1 0 0 3 
o 295 248 0 146 0 2 10 1 1 1 
o 277 339 0 lb9 0 2 4 1 1 0 
o 297 254 0 145 0 2 3 1 1 0 
o 395 203 0 131 0 2 1 1 1 2 
o 196 178 0 164 0 5 10 1 1 0 

59 439 191 424 130 0 2 7 1 1 2 
o 236 163 0 200 0 2 5 1 1 0 

o 405 200 0 130 0 2 1 1 0 4 
o 332 2ij7 0 lu8 0 2 12 0 0 3 
o 197 332 0 149 0 2 3 1 0 3 

92 471 243 3~0 1~6 1 2 11 2 1 0 
o 207 247 0 132 1 2 1 1 1 1 

96 500 2ij5 311 153 0 2 11 1 2 0 
85 333 206 402 138 0 2 7 1 1 3 

101 357 255 356 188 1 2 8 1 1 0 
62 385 294 555 117 0 2 8 1 1 2 
o 307 167 0 162 0 2 10 1 1 1 

74 430 250 432 149 1 2 8 1 1 3 
53 320 147 275 124 0 1 6 0 0 2 
o 500 212 0 136 0 2 12 0 1 1 
o 2~4 2~0 0 1b7 0 2 10 1 1 2 

60 303 180 367 134 0 2 11 1 1 1 
57 247 195 381 150 0 2 11 0 0 2 

68 340 175 325 124 0 2 11 1 1 1 
15 445 238 416 147 1 2 8 1 1 1 
65 331 268 462 130 1 2 8 1 1 2 
62 264 230 371 152 0 2 11 0 1 0 
62 ~29 147 323 151 0 2 11 1 2 0 
o 383 296 0 138 1 2 3 1 1 3 

60 357 177 353 159 ~ 2 12 1 1 1 
72 357 278 347 120 0 2 11 1 1 3 
o 350 278 0 167 1 2 3 1 1 2 

80 357 245 306133 2 2 11 1 1 0 
70 268 196 391 169 0 2 11 1 1 1 
58 334 203 459 122 0 2 11 1 0 2 
58 312 238 491 148 1 2 11 1 1 3 
o 424 201 0 152 0 2 10 1 1 1 
o 4~5 2b7 0 1b1 0 2 3 2 2 1 
o 330 242 0 179 0 2 3 1 1 1 
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ROOM 28 LEVEL 3 
R 28 FN 50 279 0 82 26 28 99 16 
R 28 29358 205 121 85 36 38 11 0 
R 28 29359 196 117 66 15 20 5 23 
R 28 29361 229 105 69 24 26 4 0 
R 28 29375 160 91 62 20 25 5 0 
R 28 29377 197 96 55 1b 19 5 14 
R 28 29382 236 127 82 25 25 0 0 
R 28 29414 342 0 58 21 30 11 13 
R 28 29417 270 0 75 21 24 99 19 
R 28 29425 228 124 75 29 31 0 19 
R 28 29434 325 105 54 26 33 7 16 
R 28 29438 205 117 8~ 19 22 6 2ij 
R 28 29440 130 108 60 16 16 4 15 
R 28 29441 259 110 65 21 21 10 0 
R 28 29443 304 93 49 18 26 0 20 
R 28 29444 295 100 67 32 38 0 1b 
R 28 29448 172 106 63 19 21 2 17 
R 28 29450 338 97 71 19 29 0 2q 
R 28 29452 190 125 74 32 37 1 23 
R 28 29455 301 110 73 22 27 0 19 
R 28 29456 206 129 92 29 30 10 11 
R 28 29457 266 90 64 25 26 0 17 

MISCELl. ANEOUS PROVENIENCES 

R 44 34401 148 95 56 33 33 5 10 
R 41 34080 395 150102 31 40 11 0 
R 33 34145 218 99 65 19 25 8 13 
R 33 34157 332 116 95 33 38 0 0 
R 40 34143 290 100 79 23 26 7 19 
R 40 34153 283 105 80 18 2~ 7 15 
R195 34163 490 162 82 25 31 14 0 
R 39 34228 335 120 88 31 32 0 23 
R 39 34287 247 122 99 30 31 1 18 
R269 FN359 394 120 75 24 30 2 11 
TEST 29611 203 95 68 33 34 6 '13 
R114 29769 330 123 70 24 32 22 20 
R121 29819 357 160 78 25 30 22 22 
SURF 29708 240 130 67 20 22 14 0 
CORR 29815 261 102 75 23 23 5 16 
RtOO 29914 322 123 70 22 33 5 15 
R11429763 427 115 69 25 25 8 17 
CORR 297131 350 91 60 29 29 14 0 
CORR 297132 290 107 79 31 32 5 12 
CORR 297134 183 104 67 26 28 5 14 
CORR 297136 182 114 72 26 26 0 19 
CORR 297137 150 64 46 13 17 0 9 
CORR 29812 162 100 86 24 25 5 14 
R411 FN130 298 100 60 31 3b 5 0 
R411 FN 10 253 117 78 23 30 17 17 
R 26 29261 230 125 87 19 19 2 0 

60 315 0 465 0 2 2 11 1 1 2 
o 236 1b9 0 1ij2 0 2 2 1 0 0 

40 440 168 490 177 0 2 11 1 1 3 
o 288 218 0 1~2 0 2 10 1 1 1 
o 310 176 0 147 0 1 10 1 1 0 

50 34ij 205 39q 175 0 2 11 1 1 0 
o 328 186 0 155 0 2 2 2 1 1 

42 276 0 81ij 0 2 2 8 1 1 1 
62 357 0 435 0 2 2 11 1 1 1 
62 259 18q 3b8 165 0 2 11 1 1 0 
56 208 310 580 194 1 2 8 1 1 0 
61 4ij7 175 336 138 0 2 11 0 1 0 
45 375 120 289 180 1 1 11 1 1 1 
o 310 235 0 169 0 2 10 2 1 1 

46 272 327 661 190 2 2 8 1 1 0 
58 209 295 509 149 0 2 11 1 1 0 
47 332 163 366 168 0 2 11 1 1 1 
54 374 348 626 137 1 2 8 1 1 2 
65 231 152 292 169 0 2 11 0 1 0 
54 332 274 557 151 0 2 8 1 1 1 
64 317 160 322 140 0 2 11 0 0 3 
52 256 2~6 512 1ij1 0 2 11 1 1 1 

60 170 156 247 170 0 2 6 0 0 
o 329 263 0 147 0 2 4 0 0 1 

42 342 220 519 152 0 2 11 1 1 0 
o 288 2H6 0 122 0 2 3 1 1 1 

77 343 290 377 127 0 2 11 1 0 3 
66 4q4 270 429 131 0 2 11 1 0 4 
o 328 302 0 198 0 2 4 2 1 0 

58 284 279 578 136 0 2 8 1 1 1 
58 330 202 426 123 0 2 11 1 1 1 
69 313 328 571 160 0 2 8 2 1 3 
51 206 214 398 140 0 2 6 0 0 0 
73 292 2b8 452 176 0 2 8 1 1 0 
96 312 223 372 205 0 2 8 1 1 0 
o 335 185 0 194 0 2 5 2 1 2 

69 326 256 378 136 0 2 11 1 1 1 
44 318 262 732 176 0 2 8 1 1 0 
96 276 371 445 167 0 2 8 2 2 1 
o 207 385 0 152 0 ,2 3 1 1 0 

56 255 271 518 135 0 2 11 1 1 0 
69 258 176 265 155 0 2 6 0 1 0 
46 277 160 396 158 0 2 6 1 1 0 
27 354 234 556 139 0 2 6 0 0 0 
57 358 162 284 116 0 2 6 0 0 2 
o 194 298 0 167 0 2 10 1 0 2 

65 339 216 389 150 0 2 11 1 1 1 
o 4~8 18q 0 144 0 2 2 1 1 4 
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R 16 29287 300 144 92 24 25 14 0 0 383 208 0 157 0 2 3 1 1 1 
R 26 29235 216 129 95 22 22 0 0 0 432 167 0 136 0 1 2 1 0 3 
R 16 29227 180 109 70 20 25 0 0 0 350 1b5 0 1~6 0 2 12 1 1 1 
TEST 29233 113 141100 25 27 10 10 62 400 123 279 141 0 2 ; 0 0 3 
R 23 29250 245 111 10 20 20 4 12 45 350 221 544 159 0 2 11 1 0 2 
R 31 29368 252 131 86 26 26 10 11 59 331 192 427 152 0 2 11 1 1 0 
R121 29309 292 133 85 47 46 5 13 83 181 220 3~2 1~6 0 2 11 1 0 2 
R 31 29313 253 123 69 28 28 2 0 0 246 206 0 118 0 2 10 1 1 1 
R 31 29314 285 100 61 26 36 9 0 0 235 2H5 0 1b4 0 2 10 0 1 0 
R 31 29509 243 14 48 20 22 0 0 0 240 328 0 154 0 2 10 1 0 4 
R108 29316 202 130 80 30 31 0 16 60 267 155 337 163 0 2 6 0 0 4 
R 31 29495 360 107 60 26 34 4 15 63 231 336 571 178 0 2 8 1 1 0 
R 31 29341 227 99 61 26 28 0 21 50 218 229 454 162 0 2 11 1 1 2 
R 31 29313 218 89 62 16 22 0 11 56 388 312 496 144 0 2 11 1 1 1 
R 35 29196 212 145116 40 50 6 0 0 290 146 0 125 0 1 2 0 0 0 
R 56 29383 231 100 86 30 31 5 10 50 287 231 462 116 0 2 11 1 1 0 
R 31 29490 135 120 69 23 23 7 16 64 3uO 113 2'11 1,,4 0 2 6 1 1 1 
R 31 29489 222 115 80 21 31 0 0 0 296 193 0 144 0 2 10 0 1 1 
R 31 29428 345 90 67 30 34 5 0 0 223 383 0 134 0 2 3 1 1 2 
R 31 29496 290 107 85 31 31 0 0 0 274 271 0 126 0 2 10 1 1 1 
R143 35287 241 123 86 30 30 0 0 0 267 196 0 143 0 2 2 0 1 1 
R205 35084 280 140 81 29 30 10 10 90 279 200 311 173 0 2 11 1 1 2 
R146 35087 256 118 80 30 35 2 18 61 261 217 382 148 0 2 11 2 1 1 
TEST 35008 259 121 87 30 32 18 19 85 290 214 305 139 0 2 11 1 1 1 
R146 35097 234 123 86 27 29 5 20 61 319 190 349 143 0 2 11 1 1 2 
R146 35089 228 150 91 26 33 10 21 65 350 152 351 165 0 2 11 1 1 2 
GK 35212 336 121 70 30 35 16 19 69 233 278 4~7 173 0 2 8 1 1 2 
R146 35088 205 105 16 19 19 15 12 51 400 195 360 136 0 2 11 1 1 2 
R146 35086 211 128 70 24 24 14 15 60 292 165 352 183 0 2 11 1 1 1 
R146 35100 230 125 62 21 21 4 0 0 295 184 0 202 0 2 5 1 1 0 
R146 35101 340 100 63 28 30 4 0 0 2~5 340 0 159 0 2 3 1 1 2 
R146 35092 218 111 11 20 21 8 0 0 355 186 0 165 0 2 10 1 1 3 
R146 35096 259 130 84 31 31 5 0 0 271 199 0 155 0 2 10 0 1 2 
R146 35093 210 112 68 23 26 13 0 0 296 241 0 165 0 2 10 1 1 1 
R146 34511 359 116 83 22 25 6 28 86 377 309 417 140 0 2 8 2 1 2 
R 41 34122 296 116 81 25 27 2 23 80 348 255 370 133 0 2 8 1 1 2 
R 44 34264 235 128 9H 26 26 12 20 66 377 184 356 131 0 2 11 0 0 2 
R195 34045 396 150105 29 31 9 30 114 362 264 347 143 0 2 8 2 1 0 
R 44 34115 420 136 91 22 26 19 30 80 414 309 525 149 0 2 8 2 1 2 
R 44 34114 386 134 98 26 28 1 27 66 371 288 585 137 0 2 6 2 1 0 
R 44 34101 140 95 57 15 19 2 0 0 380 14; 0 167 0 2 1 1 1 0 
R 45 34065 301 90 50 28 39 11 0 0 179 334 0 180 0 2 4 0 0 0 
PLAZ 34798 368 117 82 28 30 13 0 0 293 315 0 143 0 2 3 2 1 0 
R 45 34186 242 120 77 19 25 5 20 52 405 202 465 156 0 2 11 0 0 3 
R 43 34086 223 106 70 20 22 5 0 0 350 210 0 151 0 2 10 1 2 0 
R 45 34185 260 133100 35 35 5 25 89 286 195 292 133 0 2 11 1 1 0 
PLZ2 635013 316 100 64 31 39 0 0 0 206 316 0 156 0 2 3 0 0 0 
PLZ2 635058 195 123 84 31 32 5 13 55 271 159 355 146 0 2 11 1 0 3 
PLZ2 631104 260 155 97 27 31 10 0 0 359 168 0 160 0 2 2 1 1 1 
PLZ2 617020 358 111 72 25 30 20 19 71 288 323 504 154 0 2 8 1 1 0 
PLZ2 634015 299 105 73 27 27 12 11 86 270 285 348 144 0 2 8 1 1 2 
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PLZ2 609065 374 81 79 29 31 6 0 
PLZ2 635060 185 119 75 22 22 15 15 
PLZ2 609062 288 131 97 26 30 7 20 
PLZ2 634031 299 127 86 36 41 0 0 
PLZ2 649008 272 125 80 33 39 9 11 
PLZ2 617010 364 128 70 26 26 19 0 
PLZ2 6171b5 275 127 95 22 30 0 21 
PLZ2 6i2054 230 140 87 30 30 13 15 
PLZ2 605054 282 130100 29 30 2 23 
R279 FN153 342 141 77 25 30 10 0 
R269 FN747 278 106 82 22 30 5 13 
R279 FN522 190 100 79 29 29 2 15 
R279 FN784 259 92 63 21 21 10 0 
R279 FN527 171 122 71 23 23 10 10 
R269 FNl009 377 155 75 27 40 11 0 
R269 FN711 207 101 69 29 31 0 15 
R269 FN930 332 152 86 25 31 11 0 
R279 FN939 249 95 76 21 25 15 25 

o 272 462 0 103 0 2 3 1 1 2 
72 341 155 257 159 0 2 6 1 1 1 
80 373 220 3bO 135 0 2 11 1 1 0 
o 239 235 0 148 0 2 5 0 0 0 

41 2ij2 218 6b3 156 0 2 11 1 1 0 
o 269 284 0 183 0 2 3 0 1 1 

89 432 217 3u9 13'4 0 2 12 1 1 1 
55 290 164 418 161 0 2 11 0 1 3 
69 345 217 4U9 130 0 2 11 1 0 2 
o 308 243 0 183 0 2 4 2 2 0 

72 373 2b2 386 129 0 2 11 1 1 3 
53 272 190 358 127 0 2 6 1 1 1 
o 300 282 0 lij6 0 2 lU 1 1 0 

56 309 140 305 172 0 2 6 0 1 2 
o 278 2ij3 0 207 0 2 4 0 0 1 

66 238 205 314 146 0 2 6 1 1 0 
o 344 218 0 177 0 2 4 0 1 0 

69 362 262 361 125 0 2'11 1 1 0 

EXPERIMENTAL POINTS 

PROV CAT 
Kl 102 
Kl 103 
Kl 105 
Kl 107 
Kl 108 
Kl 109 
K1 111 
Kl 112 
K2 202 
K2 206 
K2 207 
K2 210 
K2 211 
K3 301 
K3 304 
K3 305 
K3 307 
K3 312 
K4 401 
K4 403 
K4 404 
K4 406 
K4 407 
K4 408 
K4 409 
K5 503 
K5 504 
K5 508 
K5 517 

MxT MW/MT L/NH 
L W MW MT', Be ND NH I L/w' W/MW 55 C M T 5 Q F 
356 114 87 30 37 00 14 48 290 312 742 131 119 0 2 8 1 1 1 
468 145 120 33 45 10 25 87 364 323 538 121 130 0 2 8 2 1 1 
520 146 122 40 42 8 27 105 3u5 356 495 120 147 0 2 8 1 1 1 
565 168 139 46 50 0 27 117 302 336 483 121 143 0 2 8 1 1 1 
437 140 127 40 41 9 29 88 318 312 497 110 141 0 2 8 1 1 2 
382 140 116 32 40 12 29 84 363 273 455 121 170 0 2 8 1 1 1 
444 122 115 32 32 8 22 93 3~9 304 477 106 lb8 0 2 8 2 1 1 
493 158 135 36 36 9 26 119 375 312 414 117 164 0 2 8 1 1 1 
464 116 110 40 40 9 20 62 275 400 74~ 106 150 0 2 8 1 1 0 
467 122 112 47 49 10 29 66 238 383 708 109 153 0 2 8 1 1 0 
528 133 129 45 49 8 16 92 287 397 574 103 lij7 0 2 8 1 1 1 
486 150 142 48 51 10 13 123 296 324 395 106 159 0 2 8 1 1 1 
382 142 125 39 39 11 17 108 321 269 354 114 153 0 2 8 1 1 3 
519 160 125 40 40 10 15 106 313 324 490 128 160 0 2 8 2 1 1 
624 136 110 38 42 11 20 113 290 459 5~2 124 131 0 2 8 2 2 1 
454 135 110 26 30 13 21 100 423 336 454 123 149 0 2 8 2 1 3 
490 132 109 29 32 11 15 107 316 311 4~8 121 115 0 2 8 2 1 2 
480 157 112 32 32 20 11 134 350 306 358 141 123 0 2 8 2 2 1 
405 162 129 42 45 20 33 106 307 250 382 126 172 0 2 8 1 1 2 
408 158 119 44 44 19 22 100 271 258 408 133 163 0 2 8 1 0 3 
542 162 132 5u 52 22 3b 139 264 335 399 123 19~ 0 2 8 1 0 2 
426 150 103 50 50 13 39 108 206 284 394 146 174 0 2 8 1 0 2 
460 151 115 5~ 58 13 32 113 2u9 305 407 131 156 0 2 8 1 1 3 
396 135 116 39 41 13 22 111 297 293 357 114 172 0 2 8 1 1 2 
410 126 105 46 47 12 2ij 122 228 325 336 120 lbl 0 2 8 0 0 2 
436 181 141 47 51 19 23 119 300 241 366 128 148 0 2 8 1 1 1 
340 119 100 32 32 11 17 82 313 286 415 119 158 0 2 8 1 1 1 
489 145 116 41 45 11 22 120 289 337 408 125 146 0 2 8 1 1 0 
39ij 129 110 37 38 11 18 100 297 305 39ij 117 171 0 2 8 1 1 2 



APPENDIX B 

FLAKE SCAR ORIENTATION INTERVAL DATA 
USED IN ANALYSIS 

The method of measuring flake scar orientation has been described 
in Chapter 7, and is illustrated in Figure 7.13. Orientation interval 
data for the points used in discriminant analyses are given below. Each 
column is the percent (to the nearest tenth of a percent) of the total 
flake scars on an edge that fall into the ten degree orientation 
interval. For the first entry, none of the left edge scars were 
oriented at 50 or 60 degrees, 4.6~ of them were oriented at 70 degrees, 
and so on. 

BURIALS 

Burial Catalogue 
L60 L100 L12'0 L140 R60 R100 R120 R140 

L501 L70 L80 L90 I L110 L130 I R50 I R70 R80 R90 I R110 I R130 I 

B 76 280731 
o 0 46 364 250 296 46 0 0 0 0 0 0 40 100 460 280 120 0 0 

B 76 280732 
o 40 100 540 300 20 0 0 0 0 0 0 0 23 68 273 250 227114 46 

B 76 280733 
o 0 0 150 528 283 38 0 0 0 0 0 0 0 257 314 343 86 0 0 

B 76 280734 
o 48 0 381 333 48 0 0 0 0 0 0 0 42 83 188 396 229 63 0 

B 76 280735 
o 0 91 477. 250 182 0 0 0 0 0 0 0 24 49 244 366 268 49 0 

B 76 280736 
o 21 42 458 417 63 0 0 0 0 0 0 0 23 159 273 250 227 68 0 

B 76 280737 
o 0 136 364 432 68 0 0 0 0 0 0 0 0 71 262 381 262 24 0 

B 76 280738 
o 0 49 317 415 220 0 0 0 0 0 0 0 0 0 70 395 419 93 23 

B 76 280739 
o 0 68 250 568 91 23 0 0 0 0 0 0 44 217 435 239 65 0 0 

B 76 280730 
o 0 24 171 585 195 24 0 0 0 0 0 0 26 158 368 316 105 26 0 

B190 28992 
o 0 27 378 324 216 54 0 0 0 0 0 0 0 0 282 410 256 51 0 

B190 28975 
o 26 53 53 50 237 132 0 0 0 0 0 0 0 32 581 290 97 0 0 
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B190 28916 
42 0 o 125 250 500 83 0 o 0 0 0 0 42 o 500 292 161 0 0 
B298 29719 

0 0 o 150 250 450 150 0 o 0 0 0 0 o 111 118 235 411 0 0 
B298 29120 

0 0 o 100 550 150 150 50 o 0 0 0 36 0 11 393 393 101 0 0 
B298 29121 

0 0 0 48 333 238 238 143 o 0 0 0 0 o 100 150 400 100250 0 
B298 29122 

0 o 214 214 351 214 0 0 o 0 0 0 42 . 42 42 161 333 292 83 0 
B298 29123 

0 0 53 o 316 414 105 53 o 0 0 0 50 150 100 500 200 0 0 0 
B298 29124 

0 0 49 415 311 220 0 0 o 0 0 0 0 0 19 368 342 132 19 0 
B323 29881 

0 0 o 100 200 450 200 50 o 0 0 0 0 48 48 114 95 95 0 0 
B323 29889 

0 0 50 150 450 350 0 0 o 0 0 0 0 o 313 143 476 48 0 0 
B323 29890 
o 44 81 391 304 130 44 0 0 o 0 0 0 o 100 467 233 161 33 0 

B323 29891 
0 0 o 167 542 208 83 0 0 o 0 0 o 111 111 370 222 148 31 0 

B323 29893 
0 0 o 100 561 333 0 0 0 o 0 0 0 o 212 455 152 152 30 0 

B323 29894 
0 0 32 290 381 290 0 0 0 o 0 0 0 o 119 429 250 107 36 0 

B323 29895 
39 0 11 192 385 154 154 0 0 o 0 0 0 0 91 318 136 409 46 0 
B323 29896 

0 0 0 11 385 269 231 39 0 o 0 0 o 120 280 280 160 120 o 40 
B323 29897 
o 35 o 112 241 310 201 35 0 o 0 0 0 0 42 315 375 125 83 0 

B361 351272 
0 0 o 290 355 258 65 0 32 o 0 0 0 63 219 375 188 63 31 63 

B367 351273 
o 31 94 188 281 250 156 0 0 o 0 0 0 32 226 290 290 91 65 0 

B361 3512'74 
0 o 214 321 214 143 11 36 0 o 0 0 0 o 381 355 161 97 0 0 

B381 352221 
0 0 o 200 300 350 150 0 0 o 0 0 0 o 200 240 320 120120 0 

B381 342222 
0 0 o 324 441 206 29 0 0 o 0 0 0 54 189 378 243 54 54 27 

B381 352223 
o 24 13 146 317 366 13 n 0 o 0 0 0 0 29 353 382 206 29 0 

'" B381 352224 
o 23 0 70 302 372 186 41 0 o 0 0 24 98 195 244 122 244 49 24 

B381 352225 
0 0 o 226 381 226 161 0 0 o 0 0 0 o 174 261 304 81174 0 

B381 352226 
o 33 o 100 400 233 161 61 0 o 0 0 0 0 44 261 478 174 44 0 
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B450 35716 
0 0 o 192 231 269 231 77 0 o 0 0 0 40 90 320 520 0 o 80 

B450 35717 
0 0 o 115 500 308 77 0 0 o 0 0 0 o 148 482 296 74 0 0 

B450 35718 
0 0 o 276 310 207 207 0 0 o 0 0 0 56 222 417 167 111 28 0 

B450 35719 
o 83 0 83 250 375 167 42 0 o 0 0 0 o 192 500 154 77 39 39 

B450 35744 
o 39 39 115 385 269 154 0 0 o 0 0 0 29 147 265 206 177118 59 

B450 35745 
0 0 o 111 259 444 185 0 0 o 0 0 0 0 39 423 231 192115 0 

B477 35881 
0 0 o 111 333 389 167 0 0 o 0 0 0 o 273 91 182 364 91 0 

B477 35890 
0 0 o 100 400 400 100 0 0 o 0 0 0 o 250 33 250 83 o 83 

B477 35933 
0 0 0 o 222 556 111 o 111 053 0 o 105 o 368 211 158105 0 

B477 35985 
0 0 0 o 182 364 364 91 0 o 0 0 0 0 77 308 462 154 0 0 

B477 35989 
0 0 o 100 100 500 200 100 0 o 0 0 0 0 o 200 600 200 0 0 

B477 35991 
o 0 0 188 63 313 250 o 125 63 0 0 o 100 100 200 400 200 0 0 

B477 35988 
027 o 216 162 405 108 81 0 o 0 0 0 23 91 455 318 114 0 0 

B477 35990 
0 0 o 265 294 265 88 0 88 o 0 0 0 0 51 436 256 154 77 26 

B588 75-11-0060 
46 0 46 273 500 136 0 0 0 o 0 0 0 0 95 238 286 333 48 0 
B588 75-11-0061 

0 0 39 '346 423 77 77 39 0 o 0 0 0 o 111 556 259 74 0 0 
B588 75-11-0062 

0 0 29 229 486 229 29 0 0 o 0 0 0 29 235 353 88 235 59 0 
B588 75-11-0063 

0 0 97 161 452 290 0 0 0 o 0 0 0 91 152 576 152 o 30 0 
B588 75-11-0064 

0 0 0 46 136 500 318 0 0 o 0 0 0 o 136 455 273 136 0 0 
B588 75-11-0065 
o 35 138 138 345 276 35 0 35 o 0 0 o 114 143 486 229 29 0 0 

B588 75-11-0067 
0 0 33 233 567 133 0 33 0 o 0 0 0 67 167 567 67 100 33 0 

B588 75-11-0068 
0 0 o 294 294 206 88 118 0 o 0 0 0 29 177 177 471 147 0 0 

B641 75-11-1033A 
44 87 304 348 174 0 44 0 0 o 0 0 o 115 308 231 154 115 77 0 
B641 75-11-1033B 
o 46 46 364 227 318 0 0 0 o 0 0 0 0 o 100 300 300250 50 

B641 75-11-1033C 
0 0 42 125 458 250 42 83 0 o 0 0 0 50 100 200 200 150300 0 
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B641 75-11-1033D 
o 44 217 217 304 217 0 0 0 o 0 0 0 48 286 142 191 95191 48 

B641 75-11-1033E 
0 o 200 240 360 120 80 0 0 o 0 0 0 o ;33 133 67 333133200 

B641 75-11-1033F 
0 o 111 278 222 333 56 0 0 o 0 0 0 0 63 188 250 125 63313 

B641 75-11-1033G 
0 0 63 313 313 188 63 63 0 o 0 0 o 105 158 211 105 211158 53 

B641 75-11-1033H 
0 0 50 200 300 350 50 50 0 o 0 0 0 0 o 444 111 0222222 

B641 75-11-1033I 
0125 o 125 355 125 250 0 0 o 0 0 0 59 59 56 59 235118412 

B641 75-11-1033J 
91 0 o 273 364 182 0 0 91 o 0 0 o 100 200 100 100 300 0200 
B641 75-11-1033K 
o 63 188 188 313 250 0 0 0 o 0 0 o 158 263 316 158 105 0 0 

"' B641 75-11-1033L 
0 0 0 o 400 400 200 0 0 o 0 0 o 111 o 111 222 222333 0 

B 28-B FN1 
0 0 o 200 200 457 143 0 0 o 0 0 0 88 177 441 206 59 29 0 

B 28-B FN2 
0 0 0 o 303 394 273 30 0 o 0 0 0 0 171 371 371 57 29 0 

B 28-B FN3 
0 0 o 118 147 529 118 88 0 o 0 0 37 37 o 370 259 222 74 0 

B 28-B FN4 
0 0 o 143 214 429 114 0 0 o 0 0 0 48 48 524 191 143 48 0 

B 28-B FN5 
0 0 0 87 130 391 348 44 0 o 0 0 0 71 179 321 357 71 0 0 

B 28-B FN6 
0 0 95 143 14 333 238 48 0 o 0 0 0 59 59 588 177 59 59 0 

B 28-B FN7 
0 0 0 42 208 250 375 125 0 o 0 0 0 53 158 368 263 105 53 0 

B 28-B FN8 
0 0 44 87 44 565 130 130 0 o 0 0 44 44 87 565 261 0 0 0 

R 45 341841 
0 0 o 125 255 438 188 0 0 o 0 0 0 48 143 143 333 286 48 0 

R 45 341842 
0 0 67 133 233 400 133 33 0 o 0 0 0 0 44 348 348 217 o 44 

R 45 341843 
0 0 o 242 121 515 61 61 0 o 0 0 0 33 182 424 212 61 91 0 

R 45 341844 
0 0 0 56 333 333 222 56 0 o 0 0 0 0 95 286 429 191 0 0 

R 45 341845 
0 0 56 167 167 389 222 0 0 o 0 0 0 0 67 400 267 200 67 0 

R 45 341846 
0 o 105 316 211 263 105 0 0 o 0 0 0 0 o 444 389 111 o 56 

R 45 341847 
0 0 o 125 292 208 375 0 0 o 0 0 0 0 o 385 423 39115 39 

R 45 341848 
0 0 39 115 192 423 154 77 0 o 0 0 39 o 115 385 308 154 0 0 
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BURIAL 140. LEVEL 1. SETS A-E 

L60 Ll00 L120 L140 R60 Rl00 R120 R140 
L50l L70 L80 L90 I Lll0 L130 I R50 I R70 R80 R90 I R110 I R130 

B140A 28827 
0 0 o 227 182 546 46 0 0 0 0 0 0 0 33 433 433 luO 0 0 

B140A 28805 
0 0 63 188 313 313 63 63 0 0 0 0 0 33 2UO 2b7 333 100 67 0 

B140A 28810 
0 o 107 214 286 286 71 36 0 0 0 0 0 0 o 138 4~3 241138 0 

B140A 28791 
0 0 o 217 346 261 130 o 44 0 0 0 0 0 192 346 269 192 0 0 

B140A 28820 
0 0 94 125 344 219 125 63 31 0 0 0 0 0 35 276 3.0 241103 3~ 

B140A 28808 
0 0 53 105 316 421 105 0 0 " 0 0 0 42 333 333 2~0 42 0 0 u 

B140A 28837 
0 o 150 300 250 150 100 50 0 0 0 0 0 0 32 65 355 419 97 32 

B140B 28807 
0 0 o 143 286 333 238 0 0 0 0 0 0 0 59 294 5ts8 59 0 0 

B140B 28818 
0 0 0 87 174 304 341S 87 0 0 0 0 0 0 36 286 500 71 36 71 

B140B 28829 
0 0 0 59 294 353 294 0 0 0 0 0 0 0 0 133 4uo 2072uO 0 

B140B 28836 
0 0 o 185 259 259 222 o 3'{ 3'{ 0 0 0 0 0 91 364 273 9118~ 

B140B 28809 
0 0 0 53 158 474 316 0 0 0 0 0 0 0 1!;)0 3~0 4~0 0 o 50 

B140e 28812 
0 0 o 191 381 381 48 0 0 0 0 0 0 83 42 167 292 375 42 0 

B140e 28816 
0 0 37 222 37 556 148 0 0 0 0 0 0 0 61 212 4~4 212 61 30 

B140e 28795 
0 0 o 318 182 409 91 0 0 0 0 0 0 0 o 609 304 44 44 0 

B140e 28797 
o 29 235 265 235 206 29 0 0 0 0 0 21 0 135 3'{8 297 135 27 0 

B140e 28840 
0 0 74 185 407 296 37 0 0 0 0 0 0 29 143 314 343 114 57 0 

B140e 28826 
0 0 53 263 421 263 0 0 0 0 0 0 0 0 111 278 333 222 5f> 0 

B140D 28832 
0 0 0 o 154 77 769 0 0 0 0 0 0 0 71 143 214 2ts6214 71 

B140D 28814 
0 0 0 o 364 182 213 182 0 0 0 0 0 0 o 308 231 231231 0 

B140D 28839 
0 0 0 77 77 308 385 77 77 0 0 0 63 125 o 181S 3'(5 63125 63 

B140E 28821 
0 0 o 143 524 143 95 95 0 0 0 0 0 42 83 292 333 lb7 83 0 

B140E 28804 
0 0 0 83 333 250 250 83 0 0 0 0 0 o 214 214 3~7 i43 71 0 
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B140E 28823 
o 0 0 0 250 583 167 0 0 0 0 0 0 0 250 83 417 167 83 0 

B140E 28792 
o 0 0 364 182 364 91 0 0 0 0 0 0 0 0 250 333 250167 0 

B140E 28793 
o 0 50 150 350 350 50 50 0 0 0 0 0 46 136 182 364 136 91 46 

B140E 28843 
o 0 0 105 263 526 105 0 0 0 0 0 0 0 0 200 267 200333 0 

BURIAL 14Q. LEVEL 2. SETS H-M 

L60 L100 L120 L140 R60 R100 R120 R140 
L501 L70 L80 L90 I L110 I L130 I R50 I R70 R80 R90 I R110 I R130 

B140H 28853 
0 0 0 o 375 250 250 0125 0 0 0 0 0 44 217 174 348217 0 

B140H 28854 
0 0 o 125 208 292 292 83 0 0 0 0 0 44 44 304 304 217 87 0 

B140H 28855 
0 0 o 150 200 300 300 o 50 0 0 0 0 0 o 200 250 150250150 

B140H 28856 
o ltO o 160 240 360 200 0 0 0 0 0 0 0 0 44 435 304174 44 

B14CIIH 28917 
0 0 o 2Z'/ Z'/3 318 182 0 0 0 0 0 0 0 o 238 571 143 o 48 

B14UI 28910 
0 o 105 o 158 316 368 53 0 0 0 0 0 0 o 200 333 333133 0 

B1401 28885 
0 0 0 o 250 250 375 125 0 0 0 0 0 0 o 467 267 267 0 0 

B1401 28912 
0 0 o 174 261 304 261 0 0 0 0 0 0 ·0 56 389 333 167 56 0 

B1401 28907 
0 0 o 250 250 188 63 250 0 0 0 0 0 63 63 188 313 188125 63 

B140J 28874 
o 33 33 100 100 267 333 67 67 0 0 0 28 0 56 389 306 167 28 28 

B1ltOJ 28884 
0 0 56 194 167 389 167 28 0 0 0 0 0 75 150 400 175 100 75 25 

B1ltOJ 28909 
0 0 44 130 217 304 174 130 0 0 0 0 0 0 o 480 280 120120 0 

B140J 28872 
0 0 0 74 111 482 222 111 0 0 0 0 0 31 0 94 469 219156 31 

B1ltOJ 28914 
0 0 69 310 310 138 103 69 0 0 0 0 0 42 42 208 458 167 42 42 

B140K 28848 
0 0 81 487 189 189 54 0 0 0 0 0 30 30 o 182 121 515121 0 

B1liOK 28689 
0 0 25 200 300 375 100 0 0 0 0 0 0 0 25 359 333 205 51 26 

B140K 28852 
0 0 79 290 263 211 132 26 0 0 0 0 0 0 83 333 271 250 63 0 

B1liOK 28651 
0 0 67 133 200 400 200 0 0 0 0 0 0 0 79 368 342 132 79 0 
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B140K 28893 
0 0 91 364 273 273 0 0 0 0 0 0 50 o 150 300 400 100 0 0 

B140K 28901 
0 o 103 276 276 276 35 35 0 0 0 0 0 0 37 185 296 333111 37 

B140K 28875 
0 0 o 200 200 367 133 100 0 0 0 0 0 0 29 257 257 371 57 29 

B140L 28906 
0 0 0 67 133 500 233 67 0 0 0 0 0 57 29 229 286 229143 29 

B140L 28877 
0 0 o 130 348 478 44 0 0 0 0 0 0 33 167 300 267 167 33 33 

B140L 28847 
0 0 45 o 182 364 318 91 0 0 0 0 53 0 o 158 421 316 53 0 

B140L 28899 
0 0 0 42 250 458 250 0 0 0 0 0 0 0 o 375 417 167 42 0 

B140L 28866 
0 0 o 120 240 440 120 40 40 0 0 0 0 0 71 321 429 143 36 0 

B140M 28862 
o 24 98 195 415 220 49 0 0 0 0 0 0 o 114 341 273 159 91 23 

B140M 28869 
o 28 56 56 306 444 111 0 0 0 0 0 0 0 95 238 381 262 24 0 

B140M 28871 
o 24 171 244 220 268 73 0 0 0 0 0 0 0 21 250 438 229 63 0 

B140M 28890 
o 19 151 396 151 170 113 0 0 0 0 0 0 0 93 296 315 222 74 0 

B140M 28870 
0 0 o 294 235 324 147 0 0 0 0 0 0 0 26 256 410 205103 0 

B140M 28857 
0 0 18 382 255 309 18 18 0 0 0 0 0 33 33 400 400 100 33 0 

EXPERIMENTAL KNAPPERS 

Knapper Point 
L60 Ll00 L120 L140 R60 R100 R120 Rl~O 

L501 L70 L80 L90 I Ll10 I L130 I R50 I R70 R80 R90 I R110 I R130 I 

K1 102 
0 0 o 167 133 367 300 133 0 0 0 0 0 33 33 267 400 233 33 0 

K1 103 
0 o 118 177 206 235 206 59 0 0 0 0 0 53 237 395 18~ 26105 0 

K1 105 
0 0 57 171 114 343 200 86 29 0 0 0 o 143 171 400 114 86 86 0 

K1 107 
o 51 o 256 308 205 103 51 26 0 0 0 0 50 275 325 3uO 50 0 0 

K1 108 
0 0 o 121 242 455 91 30 30 3u 0 0 0 35 103 345 2U7 207103 0 

K1 109 
0 0 o 167 167 250 167 208 42 0 0 0 0 0 95 286 286 289 4~ 0 

K1 111 
0 0 37 222 185 296 18!:> 74 0 0 0 0 0 39 1!:>3 192 346 153115 0 

Kl 112 
0 0 67 133 300 267 133 67 33 0 0 0 0 67 133 461 2uO 1uO 33 0 
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K2 202 
0 0 o 233 400 267 67 33 0 0 0 0 o 125 188 250 375 63 0 0 

K2 206 
0 0 0 36 321 214 321 71 o 36 0 0 0 30 152 364 303 121 30 0 

K2207 
o 29 57 171 200 314 143 86 0 0 0 0 o 162 351 298 108 54 27 0 

K2 210 
o 35 0 138 345 207 241 35 0·0 0 0 o 121 182 303 242 90 30 30 

K2 211 
0 0 36 71 179 321 250 71 71 0 0 0 46 46 182 318 227 90 90 0 

K3 301 
0 0 33 200 100 233 400 33 0 0 0 0 29 114 229 429 200 0 0 0 

K3 304 
0 0 67 178 178 267 200 89 o 22 0 0 40 160 120 400 240 20 o 20 

K3 305 
0 0 67 167 267 233 200 67 0 0 0 0 0 32 129 484 258 65 32 0 

K3 307 
0 0 95 238 167 214 191 48 24 24 0 0 {l 93 209 419 209 47 23 0 

K3 312 
0 0 81 270 135 324 54 135 0 0 0 0 24 73 195 317 317 73 0 0 

K4 401 
0 0 40 80 120 120 280 320 40 0 0 0 0 o 318 500 136 46 0 0 

K4 403 
0 0 o 153 77 230 346 192 0 0 0 0 83 167 125 417 167 42 0 0 

K4 404 
0 0 36 o 143 214 214 250107 36 o 36 36 214 286 214 107 71 36 0 

K4 406 
0 0 83 42 o 333 333 125 83 0 0 0 40 200 320 240 200 0 0 0 

K4 407 
0 o 111 74 185 148 296 111 74 0 0 0 63 188 313 250 188 0 0 0 

K4 408 
0 0 40 160 200 40 240 240 40 40 o 95 o 238 191 286 95 48 48 0 

K4 409 
o 40 o 160 40 120 480 160 0 0 o 39 77 154 308 269 115 39 0 0 

K5 503 
0 0 36 321 143 179 214 107 0 0 0 0 32 o 161 193 387 194 32 0 

K5 504 
0 o 100 100 100 500 200 0 0 0 0 0 o 130 130 174 261 174130 0 

K5 508 
0 0 91 182 333 212 121 61 0 0 0 0 0 29 177 353 235 206 0 0 

K5517 
0 0 91 273 136 273 91 136 0 0 0 0 0 42 125 500 167 167 0 0 



APPENDIX C 

FLAKE SCAR ORIENTATION SUMMARY ATTRIBUTES 
USED IN ANALYSIS 

The method of measuring flake scar orientation has been described 
in Chapter 7, and is illustrated in Figure 7.13. Flake scar orientation 
summary attribute data for the points used in discriminant analyses are 
given below. 

PROV = Burial, room, or other provenience. 
CAT = Catalogue or Field Number. x = 75-11- prefix. 
NA, NL, NR = Number of scars on all edges combined, left edges, 

right edges. 
MA, ML, MR = Mean angle of scar orientation for al~ scars, left 

edge scars, right edge scars. To the nearest tenth degree. 
SDA, SDL, SDR = Standard deviation of angle of scar orientation on 

all edges, left edges, right edges. To the nearest tenth degree. 
CVA, CVL, CVR = Coefficient of variation of angle of scar 

orientation on all edges, left edges, right edges. 
F1-F2 = Difference between the means of scar orientations on Face 1 

and Face 2, absolute value. To the nearest tenth degree. 
ML-MR = Difference between the mean orientation of scars on the 

left edges and the right edges. To the nearest tenth degree. 

F1-F2 
PROV CAT NA NL NR MA ML MR SDA SDL SDR CV A CVL CVR I ML-MR 

BURIAL .sua 
76 28073A 94 44 50 968 893 1034 121 102 96 1250 1142 Oy28 7 -141 
76 28073B 94 50 44 554 816 1111 184 79 137 3321 0968 1233 28 -295 
76 28073C 88 53 35 963 921 1026 98 74 95 1018 0803 092b 28 -105 
76 28073D 90 42 48 960 814 1088 174 95 118 1813 1167 1085 34 -274 
76 28073E 85 44 41 969 852 109~ 157 90 107 1620 1056 0977 13 -243 
76 28073F 92 48 44 953 846 1070 152 77 125 1595 0910 1168 24 -224 
76 28073G 86 44 42 964 843 1091 153 82 96 1587 0973 0880 13 -248 
76 28073H 84 41 43 1024 881 1161 164 84 85 1602 0953 0732 8 -280 
76 28073I 90 44 46 942 875 1007 110 81 95 1168 092b 0943 6 -132 
76 28073J 79 41 38 968 902 1039 114 76 105 1178 0843 1011 6 -137 

190 28992 76 37 39 1001 889 1108 143 97 87 1429 1091 0785 19 -219 
190 28975 69 38 31 980 926 1045 112 111 72 1143 1199 0689 54 -119 
190 28976 48 24 24 996 938 1054 124 124 93 1245 1322 OH82 18 -116 
298 29719 37 20 17 1024 960 1100 126 94 117 1230 0979 1064 90 -140 
298 29720 48 20 28 1004 950 1043 113 1u5 1u3 1126 1105 0988 8 -93 
298 29721 41 21 20 1066 1010 1125 135 118 129 1266 1168 1147 109 -115 
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298 29722 52 28 24 965 857 1092 171 107 144 1772 1249 1~19 46 -235 
298 29723 39 19 20 969 974 965 108 105 114 1115 1078 1181 76 9 
298 29724 79 41 38 970 871 1070 141 87 105 1454 0999 0976 20 -205 
323 29889 41 20 21 968 910 1024 108 85 100 1116 0934 0977 4 -114 
323 29890 53 23 30 968 852 '057 146 112 101 1~08 1315 0956 60 -205 
323 29891 51 24 27 978 921 1030 122 83 130 1247 0901 1262 101 -109 
323 29893 63 30 33 981 923 1033 105 63 108 1070 Ob83 1046 34 -110 
323 29894 59 31 28 963 894 1039 119 85 103 1236 0951 0991 11 -145 
323 29895 48 26 22 988 892 1100 171 152 115 1731 1704 1u45 44 -208 
323 29896 51 26 25 990 977 1004 125 103 146 1263 1054 1454 27 -27 
323 29897 53 29 24 1013 955 1083 133 130 101 1313 1361 0933 46 -128 
367 35127B 63 31 32 978 923 1031 142 115 '~7 1452 1246 1426 4 -108 
367 35127C 63 32 31 973 909 1039 143 133 123 1470 1463 118q 28 -130 
367 35127D 59 28 31 934 864 997 135 137 98 1445 1586 0983 17 -133 
381 352221 45 20 25 1016 945 1072 131 1uO 128 1289 1058 1194 51 -127 
381 342222 71 34 37 966 894 1032 130 81 131 1346 0906 1269 12 -138 
381 352223 75 ~~ 3~ 992 915 108~ 134 115 89 1351 1257 0820 2 -170 
381 352224 84 43 41 1007 974 1041 146 114 169 1450 1170 1623 1 -67 
381 352225 54 31 23 996 932 1083 137 101 134 1376 1u84 1237 8 -151 
381 352226 53 30 23 1015 957 1091 131 128 90 1291 1338 0825 23 -134 
450 35716 51 26 25 1024 977 1072 132 124 124 1289 1269 1157 48 -95 
450 35717 53 26 27 983 935 1030 94 80 82 0956 0856 0796 6 -9~ 
450 35718 65 29 36 978 934 1014 119 111 115 1217 1180 1134 71 -80 
450 35719 50 24 26 996 950 1038 140 144 124 1406 1516 1195 23 -88 
450 35744 60 26 34 1022 927 1094 163 122 1~4 1~95 1j16 140B 41 -167 
450 35745 53 27 26 1030 970 1092 119 91 113 1155 0938 1035 22 -122 
477 35881 29 18 11 1010 961 1091 129 92 145 127"( 0957 1329 31 -130 
477 35890 22 10 12 1059 1040 1075 174 107 218 1643 1029 2028 118 -35 
477 35933 28 9 19 1032 1022 1037 108 120 189 1b2H 1174 1823 22 -15 
477 35985 24 11 13 1054 1036 1069 88 92 86 0835 0888 0804 69 -33 
477 35989 15 10 5 1040 1010 1100 106 110 71 1019 1089 004~ 11 -90 
477 35991 26 16 10 1058 1063 1050 192 228 127 1815 2145 1210 115 13 
477 35988 81 37 44 1002 957 1041 118 132 90 1178 1379 0865 14 -84 
477 35990 73 34 39 1026 953 1090 154 144 133 1501 1511 1220 30 -137 
588 x0060 43 22 21 972 850 1100 179 144 110 1842 109q 1uOO 64 -250 
588 xo061 53 26 27 962 892 1030 118 113 78 1227 1267 0757 13 -138 
588 x0062 69 35 34 971 900 1044 132 84 133 1359 0933 1274 18 -144 
588 x0063 64 31 33 944 894 991 107 93 98 1133 1040 0989 28 -97 
588 x0065 64 29 35 948 897 991 128 143 98 1350 1~94 09B9 29 -94 
588 x0067 60 30 30 950 893 1007 116 91 111 1221 1019 1102 47 -114 
588 x0068 68 34 34 999 944 1053 131 133 105 1311 1409 0997 73 -109 
641 x1033A 49 23 26 896 770 1008 181 126 147 2020 1636 1458 41 -238 
641 x1033B 42 22 20 1021 873 118~ 192 112 109 1881 1283 0920 10 -312 
641 x1033C 44 24 20 1020 938 1120 164 117 158 1608 1247 1411 61 -182 
641 x1033D 44 23 21 955 843 1070 189 120 176 1979 1423 1b36 1u4 -233 
641 x1033E 40 25 15 983 864 1180 207 119 170 2106 1377 1441 175 -316 
641 x1033F 34 18 16 1035 900 118tS 2u9 128 175 2019 1422 1473 5 -28H 
641 x1033G 35 16 19 1006 906 1089 188 129 191 1869 1424 1754 11 -183 
641 x1033H 29 20 9 1003 930 1167 176 117 180 175~ 1258 1542 90 -237 
641 x10331 33 16 17 1094 913 1265 266 159 232 2431 1742 1834 111 -352 
641 x1033J 21 11 10 990 882 1110 236 214 208 2384 2426 1874 73 -228 
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641 x1033K 35 16 19 920 850 979 139 126 123 1~11 1q82 1256 26 -129 
641 x1033L 19 10 9 1058 980 1144 150 79 167 1418 0806 1460 44 -164 

R 45 341841 37 16 21 1034 969 1081 127 95 129 1228 0980 1193 13 -112 
R 45 341842 53 30 23 1011 950 1091 134 120 108 1325 1263 0990 38 -141 
R 45 341843 66 33 33 997 958 1036 123 112 122 1234 1169 1178 6 -78 
R 45 341844 39 18 21 1033 989 1071 103 102 90 0997 1031 0840 20 -82 
R 45 341845 33 18 15 1012 956 1080 129 120 108 1275 1255 1000 33 -12~ 
R 45 341846 37 19 18 986 895 1083 148 122 104 1501 1363 0960 22 -188 
R 45 341B47 50 24 26 1044 983 1100 125 109 113 1197 1109 1027 4 -117 
R 45 341848 52 26 26 1008 977 1038 120 121 113 1190 1238 1089 2 -61 

28B FN1 69 35 34 980 954 1006 108 98 113 1102 1027 1123 17 -52 
28B FN2 68 33 35 1022 1003 1040 91 85 95 0890 0847 0913 51 -37 
28B FN3 61 34 27 1028 991 1074 125 106 135 1216 1070 1257 63 -83 
28B FN4 49 28 21 1004 971 1048 110 98 112 1096 1009 1069 41 -77 
28B FN5 51 23 28 1016 1013 1018 103 101 106 1014 0997 1041 14 -5 
28B FN6 38 21 17 992 962 1029 130 140 110 1310 1455 1069 75 -67 
28B FN7 43 24 19 1035 1033 1037 113 109 121 1u92 1u55 1167 41 -4 
28B FN8 46 23 23 1000 1004 996 110 122 98 1100 1215 0984 52 8 

EXPERIMENTAL KNAPPERS 
K1 
K1 
K1 
K1 
K1 
K1 
K1 
K1 
K2 
K2 
K2 
K2 
K2 
K3 
K3 
K3 
K3 
K3 
K4 
K4 
K4 
K4 
K4 
K4 
K4 
K5 
K5 
K5 
K5 

102 60 30 30 1038 990 1087 118 112 104 1137 1131 0957 2 
103 72 34 38 983 941 1021 142 146 130 1445 1552 1273 36 
105 70 3:' 35 996 983 1009 144 146 142 1446 1485 1407 60 
107 79 39 40 965 926 1003 131 148 100 1358 1598 0997 20 
108 62 33 29 1029 988 107b 1~7 132 130 1331 1336 1208 36 
109 45 24 21 1053 1021 1090 136 150 109 1292 1469 1000 30 
111 53 27 26 1017 959 107'( 145 134 134 1426 1397 1244 04 
112 60 30 30 992 960 1023 132 143 114 1331 1490 1114 05 
202 62 30 32 968 927 1006 116 101 116 119~ 1u90 1153 28 
206 61 28 33 1033 1021 1042 118 129 109 1142 1263 1046 14 
207 72 35 37 956 949 962 133 146 121 1391 1538 1258 05 
210 62 29 33 990 955 1021 140 130 143 1414 1361 1401 26 
211 50 28 22 1022 1018 1027 143 142 149 1399 139~ 1451 28 
301 65 30 35 975 987 966 117 133 103 1200 1348 1066 07 
304 95 45 50 977 973 980 143 154 132 1464 1583 1347 16 
305 61 30 31 992 953 1029 124 136 101 1250 1427 0982 88 
307 85 42 43 975 952 998 1~2 1b7 110 1456 1754 1102 02 
312 78 37 41 974 941 1005 136 150 116 1396 1594 1154 15 
401 47 25 22 1030 1u64 991 130 155 81 1262 1407 0817 21 
403 50 26 24 996 1035 954 137 132 132 1376 1275 1384 81 
404 56 28 28 1016 1u93 939 173 156 157 1703 1427 1b72 40 
406 49 24 25 992 1050 936 1~6 153 115 1472 1457 1229 31 
407 59 27 32 966 1007 931 149 173 118 1542 1718 1267 15 
408 46 25 21 987 1036 929 186 185 174 1885 1786 1873 20 
409 51 25 26 973 1028 919 156 157 139 1b03 1~27 1513 22 
503 59 28 31 1010 954 1061 147 150 126 1455 1572 1188 02 
504 43 20 23 1014 960 1061 151 123 1~9 1489 1281 1499 19 
508 67 33 34 985 927 1041 134 133 110 1360 1435 1057 06 
517 46 22 24 987 941 1U29 1~8 156 104 139~ 1b5~ 1011 16 

-97 
-80 
-26 
-77 
-88 
-69 

-118 
-63 
-79 
-21 
-13 
-66 
-9 
21 
-7 

-76 
-46 
-64 
73 
81 

154 
114 
76 

107 
109 

-107 
-101 
-114 
-88 
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