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ABSTRACT

This thesis deals with a proposed analyt'ic procedure des'igned

to aid in the anaìysis of marg'ina1 recovery sites, which present

obstacles to analys'is such as poor preservation or small sample

size. ElMb-10, an Agate Basin site in Manìtoba containing only

lithic artifacts, was selected as the test case for the analysjs.

The analytic procedure consisted of cluster analysjs, a technÌque

for grouping data on the bas'is of simi'larity, and nearest-

neìghbour analysis, which generates a measure of spatial dispers'ion.

The cluster analysis was used to invest'igate the nature of artifact

product'ion at the site and to generate sets of functional tools.

The tool sets were combined into activity-related k'its and submitted

to the spatial analysis. The presence of act'ivìty areas js'inferred

from the results of the nearest-neighbour ana'lysis.

The results of the flake cluster analysis indicate that no

flake types were sought by the artisan(s), and a d'irect percuss'ion

knapping technique'is inferred. The knapping technìque'is discussed

in relation to technological parameters and the availabìlity of

raw materials. The second cluster analysìs 'isolates several tool

classes. When these are combined as tool kits and submitted

to nearest-neighbour analysis the results indicate the spatial

aggregation of three kjts: butchering, hideworking and woodworkìng.

Maps of the d'istribution of the k'its delineate three activ'ity areas.

A rock configuration is also submitted to spatial analys'is and

the results indicate that it was a man-made structure--possìbly a
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windbreak. Interpretations of site structure are discussed in

relation to environmental conditjons and the analytìc procedures

are reviewed and evaluated.
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CHAPTER 1

i NTRODUCTI ON

The reconstruction of past lifeways is almost always included in

statements regarding the objectives of archaeoìogy. This is in itself

a broad topic of investigation even in the case of relatively simple

extinct cultures - partly because the archaeological record does not

easily lend itself to inferences on many aspects of cultural behaviour,

The subject may be narrowed somewhat by a site-specific perspective.

At this level of observation, given a sing'le, short-term occupation, the

reconstruction of past 1 ìfeways in confined to that which occurred at a

single point in time and space. The remains excavated at a site constitute

the archaeo'logical record for that space for a given interval in time.

They are the material byproducts of activities at the site.

Some sites pose pi:oblems for investigators who wish to draw

inferences from the archaeological record regardÌng past cultural

activìties. These may be described as 'marginal-recovery' s'ites in that

the excavated samp'le may for various reasons present serious obstacles

to ana'lysis. Factors that can operate to render interpretations diffìcult

include poor preservation, post-Cepositional disturbance, small sample

size and the nature of the remains themselves.

Thjs last factor is pertinent to the work at hand. hlhallon

(1973b: ll5-ll9) has contrasted'expedìent' and'curatìve' technologies

and the morphology of tool types associated with each. In a curative

technology tools are designed for long-term, repeated use, and they



exhibit a high degree of morpho'logical similarity. 0n the other

hand, tools of an expedient technology usualìy bear little morphoìogical

similarity, except in their most basic functional aspects. They

are in a sense 'disposable' tools, to be made, used and discarcied

soon after use.

Sites at which tool production and use has been primarily

expedient may easily be relegated to the marginal-recovery category,

especially when lack of other remains prevents alternate means of

reconstructing past activity from being employed. such sites are

rarely subjected to intensive ana'lysis, yet a large percentage of

sites investigated during the course of survey or testing fa'll wìthin

the marginal category.

This thesis examines several procedures by wh'ich the archaeological

record at a single marginal-recovery site can be made to yield data

pertinent to the reconstruction of the activities of the prehistoric

inhabitants. in recent years a variety of methods has been deveìoped

to deal with such data. It would be too great a task to deal with

even a sizeable proportion of them 'in this wor.k. consequently a

procedure consisting of two previousiy developed methods will be

proposed and considered throughout this text.

Three basìc aspects of cultural activity present themselves

for analysis in this case: tool production, use and distribution.

The production of lith'ic tools begins with flake and core production.

An examination of the technology of flake production at the site

may reveal regularities (or a lack of them) in manufacturing procedures.



A number of researchers (Crabtree 1967a, 1967b, 1968, 1970, 197?,

Bordes and crabtree 1969, speth 197?, 1975) have demonstrated the

great degree of control which can be exercised by an artisan in the

production of flakes. Certain regularities in flake morphology may

be indicative of such control.

Further alteration or simple utilization of selected flakes

results in the creat'ion of tools related to one or more functions.

In a curated technology these tools may be initially grouped together

by simple morphologica'l similarity under the assumption that form

is directly related to function. The tools of an expedient technology,

however, do not necessarily bear morphological similarity, except

for certain attributes which perta'in only to function. Thus in a

curated technology one might expect small scrapers for use in skin

softening to bear both stylistic as well as functional similarity.

Tools of an expedient techno'logy, on the other hand, are products

of a momentary need. A variety of forms may be used as long as they

meet some sort of functional requirements.

Tool use in an expedient technology will result in the deposition

of art'ifacts in or near the areas in which they were used (whaì'lon

.l973b: llB). The pattern of distribution of functional classes of

tools may thus reflect the pattern of activities which took place

at the site. If inferences about the patternìng of activities are

to be made, analysis must be designed to delineate and measure the

patterns of artifact distribution.



Artifact distribution, tool production and tool use all reflect

cultural behaviour, yet the kinds of analysis required for the

investigation of the three modes are somewhat different, Typology ìs

major factor to be consjdered in productìon and use, whereas

patterns of distribution require some sort of spatia'l ana'lysis.

These two facets of analysis--typology and spatial dìstribution--

are related in that spatial analysis is dependent upon typology.

In other words, one cannot effective'ly analyze spatìal pattern

without a classifìcation. Spatìa'l patterns alone are

insufficient for analysis of activities unless they can be related

to functional artifact categories.

This is especial'ly true in the case of function-specific tool

kits, in whÍch combinations of various tools were used to perform

certain tasks. Applications of techniques such as factor analysis

(i.e.Binford and Binford 1966) have proven to be useful ana'lytic

tools in isolating tool kits. However, the tool aósemblages at a

given site may often be recombined to match several hypothetical

tool kits. An analysis of spatia'l patterning, as lnJhal lon (1973b)

has noted, ffiây show which tool categories are associated--presumably

as part of a kit.

The technique chosen here for investigat'ing flake production

and tool use is known as cluster analysis. This ierm encompasses a

wide array of procedures whose basic aim is to reduce a set of data

to a smaller set containing one or more groups of similar items.

Cluster analysis is, in effect, a procedure which accomplishes a



sorting task in a fashion simÍlar to but more consistently than that

a human observer might accompìish. It has been used in both Q-mode

and R-mode types of analysis in archaeology (cf Hodson, Sneath and

Doran 1966, l^Iilmsen 1970, Read 1974). Anderberg (.l973: lB) has

'likened jt to a form of nonstatistical factor ana'lysis.

Thus cluster ana'lysis provides a means of measuring the similarity

of one item to another and of outlining the structure of the data

set based upon those similarities. The observer can then examjne

the structure and derive from it a classification based upon those

variables chosen.

The classification so derived may then be used in an anaìysis

of spatial patterning. The distribution of each artifact type or

combination of types can suggest inferences about specific activities.

Such spatial analysis of occupation floors is not new in archaeology,

and various interpretations have been made of site structure in

recent years. The maiority of these have been based upon visua'l study

of plots of artifact distribution (cf Leakey 1971, de Lumley et a1

1969, MacDonald l968). Other studies have made use of density

patterns of artifacts (cf Binford et al 1970, Grigor'ev 1967). Dacey

{1973) has used another technique: divid'ing the 'living floor into

cells and then comparing the frequenc'ies of artifact types per ceì'l

for signs for spatiai clumping or association. Whallon (lgZ¡a, 1973b)

illustrates the use of dimensional analysis of variance, a technique

that delineates the grid sizes corresponding to the scale of artifact

pattern i ng.



The technique chosen for this work is nearest-neighbour analysìs,

which was f irst presented in archaeo'logy by l^lhallon (1973b, 1974),

as a useful method of measuring artìfact distribution. This method

was first used in ecology by Clark and tvans (1954), although similar

techniques were suggested earlier by Cottam and Curtis (.I949) and

Dice (1952). The method was original'ly applied to the study of

p'lant population distribution and provided a statistical measure

of spatia'l dispersion within the sampling unjverse.

An à.nalysis of nearest-neighbour distances is also useful in that

it allows the researcher to define the form of spatial aggregations

based upon the statistical probability of items being randomly or

nonrandomly distributed. These areas of concentration may then be

compared with each other as part of an attempt to reconstruct the

activities of the preh'istoric occupants.

Cluster and nearest-neighbour analysis are independent techniques,

aìthough in the case of marg'inal-recovery sites, they can be used

as a two-staged analytic team to gain insights which neither can

accompl ish by itself.

The procedure used in the analysis of a marginal-recovery sìte

consisted essentially of the above two stages. Prior to the cluster

ana'lysìs the data was coded to be usable by the clustering methods.

This important preliminary stage included the selectìon of variables

to be used and the form in rvhich they were recorded. Following this

the clustering procedures- each desìgned to investigate either



flake or tool production and use- were applied. From this stage

classes of tool types were then submitted to the spatia'l analysis,

which generated data on the structure of the site. Fjnalìy, from

information gathered from both the cluster and the spatial analyses,

inferences about the activities wh'ich took place at the site were

made.

The site chosen for the anaìys'is r¡Jas ElMb-10, one of a group

of l3 sites near Duck River, Manitoba. It is a Paleo-Indian site

lack'ing perishable remains, which makes it a good example of a

marg'inal-recovery site. The remains consist almost entìre1y of

waste flakes, utilized or worked flakes and iìmestone or granitic

rocks. Very few tools were found which could be ascribed to conven-

tional functional categories. The four projectile points recovered

from the sìte have been described as Agate Basin (Pettipas i970,

Haug 1 973).

As pointed out above, marginal-recovery sites such as ElMb-l0

present serious obstacles to research. The lack of faunal or

vegeta'l remains makes independent testing of hypotheses regarding

activities virtually impossible. Inferences made here must remain

hypotheses until tested at other sites where such remains are preserved.



CHAPTER 2

THE SITE AND ITS EXCAVATION

The Duck River Region

The Duck River Site is located on the Lake Agassiz Plain about

nine kilometres west of the western shore of modern Lake l,'linnìpegosis

and about 22 kilometres northeast of the town of Pine River, Manjtoba

(Figure l). The land in this region is remarkably flat but intersected

from northwest to southeast by fossil beach ridges at ìruegu1ar

intervals. Ehrlich, Pratt and LeClaire (.l959: 22) have described

the region physiographical'ly as the l4anitoba Lowl and Pl ain. It i s

bounded to the west by the Manitoba Escarpment and the Duck Mountains,

a morainic highland underlain by late cretaceous bedrock. The

Duck Mountains reach their highest elevation at Ba'ldy Mountain, 83.l

metres as'l, while the Lowland Plain ranges in altitude from 427

metres asl at the escarpment to 253 metres asl at Lake lnlinnipegosìs

in the east. The area is drained by three major westward-flowing

rivers: the Pine, the Sclater and the Duck. All three flow northeast-

wards after leaving the escarpment and into Lake l'linnipegosis.

Drainage on the Plain is poorly developed, resulting in ponding of

water and the formation of peat bags between the beach ridges.

The pre-settlement vegetation of the region has been descrìbed

by Ehr'lich, Pratt and LeClaire (1959: 26) as being composed of:

aspen, black and balsam poplar [whichi occur in pure
associatjons or mixed with white spruce and white
birch. In the northern portion of the area lthe
Lowland Plain and environs], where fires have not occurred



i n recent years , the preva i 'l 'i ng f orest cover i s
black spruce and tamarack with jack pìne on the
ri dges .

Low'lying, wet meadows and bogs were widespread in early settlement

times. According to local informants large numbers of beaver dams

contrjbuted to the maintenance of wetlands. The 'large herbìvore

fauna of the Manitoba Lowland Plain east of the Duck Mountains

include moose, elk and white-tail deer. Bison, black bear, wolves

and coyotes were former'ly common within the region.

The Duck River Sites

The Duck River sites were first visited by Mr, T. Fiske of

the University of Manitoba in .l964 after they had been brought to

his attention by Mr. Martin Jalowica of Duck River. in the process

of clearing and subsequent cultivation of the ìand, Mr. Jalowica

had made a large number of surface finds, inc'luding projectile

points, lithic tools and chipping debitage. Both the size and the

variety of his collection prompted Fiske to investigate the area ìn

June I 964.

He arrived with a crew of three people and spent a week coì'lecting

and testing the sites in the area. Surface investigations showed

the sìtes to be]argely confined to the northern half of Section .l7,

Range 20 West, Township 34 North. i^Jithin this half section, Fiske

isolated six areas of lithic concentration (1964a), which he designated

as subareas within a single site, to which he assigned the Borden

number ElMb-l (Figure 2).
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Three of the êreas were tested by excavation, and remains charac-

teristic of several archaeologicaì manifestations u/ere recovered,

incìuding McKean, Oxbow, Pelican Lake, Besant and Avonlea (Fiske

1964b). Surface collections were carried out at the other three

subareas, which yielded a variety of projectile points, lithic tools

and chipping debitage. Area I, near the centre of the section, was

a surface site covering more than one hectare. From it had come

three Paleo-Indian projectile points " fal'ling within the

range of Helì Gap points and a coup'le are suggestive of Agate Basin

pointsr' (Fiske 1964a: 4).

The area in which the Duck River sites

covered by a tamarack bog created by beaver

communication 1973). The peat deposits in

from 30 cm above the higher areas of buried

in the lower areas. Sometime prior to .1940

and the bogs drained. Two fÍres succeeded

and peat, making cult'ivatjon possible--one

in 1960.

1ay had originai'ly been

dams (M. Jal owi ca , persona'l

the bog ranged in depth

soil to over .l00 
cm

the dams were destroyed

in clearing the tamaracks

in 1940 and the other

Fìske's investigations occurred only four years after the second

fire, before secondary growth of aspen and pop'lar began to dominate

the uncultivated port'ions of the section. Farming activ'ities kept the

regrowth of forest down, and after Fiske's work even more of the land

was opened to cultivation. It was durr'ng th'is period that Jalowica

began to increase the size of his collection and find materials in

hitherto unsearched areas which had been newly opened by the plough.
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His continued correspondence with the Laboratory of Anthropology

at the University of Manitoba, by this time with Mr. Leo Pettipas,

resulted in a second investigation of the site in 1973. The major

'impetus behind the second visit was that one of the new sites, which

1ay in unploughed sod, was going to be cultivated in the near future.

Consequent'ly the author and Mr. Stan Say'lor of the Univers'ity of

Man'itoba spent the summer of that year at Duck River. The bul k of

the fieldwork concentrated on the excavatÍon of the unp'loughed site,

designated as Area 10, but surface collections and additions to

Jalowica's collection were also made. In the course of the summer

seven areas of prehistoric remains were recorded'in additìon to those

of the 1964 field season.

In 1974 the site was renumbered by Saylor during a reorganization

of the Manitoba Site inventory. The l3 subareas of the sjte were

reclassified as separate sites. The- number ElMb-l now refers to

Fiske's Area 5, while ElMb-s is the new number for Area l. The

remaining areas were assigned Borden numbers corresponding to their

originaì area numbers. Thus Area 10, the main objective of the 1973

field season, was assigned the Borden number tlMb-10.

The Initial Excavations

ElMb-10 lies in the northwest extremity of Section 17, approx'imately
.l50 

metres west of Ell4b-3. It first came to the attention of Jaiowica

when a narrow strip of the land was broken by plough'ing after the 1960

fire. The field direct'ly to the north was also broken and the land
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cultivated. Jalowica noticed scattered debris in the plough furrows

and he collected two complete lanceolate points (plate 7 A,B). These

points, along with the first two found at ElMb-5 have been described

by Pettipas (1970) and Mayer-0akes (.l970).

By the beginning of the 1973 excavations the area around the

site had become compietely overgrown, so that little or no trace

was visible of the fires which had destroyed the original tamarack

and peat bog. The regrowth consisted of poplar and aspen jn the

unp'loughed strips of land and dense willow thickets and sweet clover

in the ploughed or disturbed areas.

A datum point was fixed within the narrow, unp'loughed strip

about e'ight metres wide near the spot where Jalowica had found the

surface materials. Two baselines were surveyed from this point,

and a map of the'immediate site area was drawn (Figure 3). Actual

excavations did not begin until midsummer due to the extremely

wet condition of the site. hlhen the site was first visited in

mid-June very heavy rains had created a virtual flood situation,

and water over 20 cm deep covered the site. Heavy rains during the

following month retarded the drainage of the land (which is at best

poor), and it was impossible to excavate before '16 Ju1y.

The first two excavation units were opened during the last

half of July. They bisected the unploughed strip of land between

the cultivated land to the north and the broken strip to the south.

The exploratory trench across the strip was dug to confirm the

existence of subsurface materials, forin its present state--overgrown
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by willows, c'lover and grass--no surface indications were present.

0n1y Mr. Jalowica's collected materials and his practice of meticulously

plotting the location of his finds gave any indicatjon of its

existence. The second objectîve of the trial trenches was to inves-

tigate the nature of the soils and their stratigraph'ic relationship

to the artifacts.

Unit I yielded 1'l flakes and what appeared to be a reworked

projectile point. Unit 2 contained a 'large amount of chipping debitage

which was concentrated in the northwest corner of the unit. This

concentration was des'ignated Feature l, since the density of materials

indìcated the possibility of a knapping station (Plate l). A

third excavation unit was set up adjacent to Feature l, but before

it could be completed the work was interrupted by two days of heavy

rai n.

The Excavation Strategy

The unexpected rains cancelled the fieldwork for six days,

which allowed the results of the work to date to be assessed. The

major factors to consider were a) tfre relatÍvely short amount of time

left in the field season, b) the small size of the crew and c) the

sa'lvage situation of the site. First it was evident that a larger

crew would be necessary at the site. To this end Mr. Pettipas arranged

for three volunteer excavators to spend about two weeks at the site.

The most crucial decision was that pertaining to the strategy
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necessary in further excavations at the site. Two choices were open:

first, to attempt a sampl'ing of the site area to determine its overall

size and recover a meaningful samp'le of the artifact assemblage; and

second, to confine excavations to the unploughed strip near the trial
trench in an effort to remove as large a block as poss'ible of what

appeared to be a living f1oor. The second alternative was seìected,

the major consideration being the intention of the farmer who leased

the land to break and cultivate the site area. A second consideration

was that the situation offered the investigators an excellent chance

to expose a large segment of a living floor. In Canada, Paleo-

Indian 'living floors have rarely been found intact. Furthermore,

no Paleo-Indian sites had at that time been excavated in Manitoba.

The excavation technique was by trowel and brush, with no

screening of matrix. The damp, ciayey soil had proven almost 'impossibìe

to sift during the initial excavations, so it was decided that

careful trowelling and in situ record'ing of aì1 artifacts would

provide an adequate recovery of materials. Natural stratigraphy

was followed during the course of the digging,

The Block Excavations

Seventeen excavation units were lajd out in August. Eleven were

located adjacent to and west of the first three un'its (plate Z). Those

dìrectly west of Unit 3 contaìned very l'ittle artifactual material.

One unit, Excavation Unit 10, contained a dense concentration of the

limestone cobbles which were abundant throughout the site. Beyond
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that point to the west, artifactual materials ceased to appear with

any regularity in the units, and it was decided to terminate the

westward expansion of the block with Unit .l3, 
20 metres west of the

site datum.

Three units were excavated south of the baseline in a westward

direction from Unit I (Piate 3). Flakesr many of them altered or

utilized, occumed in some numbers within these units, mixed 'in

wìth the usual compìement of limestone cobbles. The end of the

season arrived before any further units could be opened in this

direction. Six units were excavated east of the initial trench

as far as the datum stake. The first two, Units 9 and ll, were

adjacent to the trial trench (Plate 4). They contaìned a large

number of flakes, of which many showed signs of retouch or utilization,

as well as a complete lanceolate projectile point and a smalj,

disk-l ike scraper.

As work continued on these un'its and their neighbours to the

east, what appeared to be an interesting pattern in the limestone

cobbles was noticed. These formed an arc extending from the northern

edge of Unit 9, curving to the southern edge of Unit l4 [Plate 5).

To the east of the arc oniy one artifact was found, and the limestone

rocks present in abundance throughout the rest of the 'liv'ing floor

were virtually absent.

In all, the area excavated as a block was 20 metres in length

by 4.3 metres in width north of the baseline. South of the baseline

the excavated units measured l4 metres east to west and 3,35 metres
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north to south. The total excavated area of the living floor was

13?.9 square metres.

Strati g rap hy

The stratigraphic profile of ElMb-10 was divided into six leve'ls,

reflecting depositjonal history, soil formation and post-depositional

history. A profile from txcavatîon Unit l3 is presented in Figure

4 and Plate 6.

Level I was weakly developed modern soil formed on the ashes

and unburned remains of either the 1940 or 1960 fire. There was

very little humus present, and occasional fragments of burned tamarack

root or wood appeared in it. It varied in thickness from 0 to 5 cm.

Level II was a very fine tan coloured ash deposited during the

fires and reworked by later wind action to form drifts of vary'ing

thicknesses. It was powdery when dry, and very greasy and sticky

when wet. It was distributed rather discontinuously over the area

from 0 to 20 cm in depth.

Level III was an incompletely burned black ash with a high

organ'ic component. It was very discontinuous and rarely exceeded I cm

in thickness. Quite often it was underlain by unburned peat.

Level IV was a grey, gleyed 'A'horizon of a buried soil. It
had origina'l'ly been buried under the peat bog and was exposed in

many places by the fires. It r,vas composed of c1ay, silt and limestone

cobbles, and it exhibited little or no evidence of structure. It
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was very uneven in its contact with Level V beneath it, which may be

suggest'ive of frost heaving [cf Flint l97l: 282-283). It varied

from 5 to l0 cm in thickness.

Level V was a medium to light grey soil horizon, probably the

'B'horizon of the buried soil. It varied from 3 to l5 cm in thickness.

Level VI was the siìty c'lay parent material of the buried soil.

In colour it ranged from off-white to bright tan where oxidation

was present. Its contact with Level V, like that of Level V with

Levei IV, was very irregu'ìar.

Levels IV, V and VI all contained a high percentage of limestone

and other rocks, likely components of the underlying ti'11, J.C..Ritchie,

in a letter to Fiske (1964b), described the soil as resembling a

"wave winnowed sand." It seems ìike1y that the buried soil was

built upon a till which had been reworked by wave action from Glacial

Lake Agassiz.

While no soil charts exist for the immediate site area, Ehrl'ich,

Pratt and LeClaire (1959) have provided one for the region directly

adjacent to the south. The soil at tlMb-10 most closely resembles

that whìch they have designated 'salina Sand, Till Substrate Phase'.

All of the artifacts from ElMb-10 recovered by excavat'ion

were found within Levels IV and Vo but occasionalìy at the top of

Level IV. The only item found within the upper levels was a'large

I imestone cobble.
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DISCRIPTION OF RECOVERED MATERIALS

Procedures and Definitìons

A total of 1615 items were recovered from the ElMb-10'liv'ing

floor. The distribution for those recovered wjth provenience js

depicted ìn Figure 5. The remains were djvided 'into two categorìes:

unaltered rocks and lithic artifacts. Lithic art'ifacts included all

worked lithics, flakes and altered rocks (Table 1).

Lithic materials were subdivided into the follow'ing eìght

categories prior to further anaìysis:

Proiectile Points Any bifacial'ly worked lithic artifact whìch
possesses a blunt end (proximal) and a pointed end (djstal).

Scrapers Any unifacially worked lithíc artifact hav'ing a convex
or straight working edge with an edge angle'in excess of
500.

Cores and Core Fragments Nodules or broken fragments which
flake removal, usually without the

intention of producing a tooì from the exhausted nucleus(cf Haug L976). The ðategory may be separated 'into three
classes: multifaceted, polyhedral and discoidal cores
(cf MacDonald i968, Crabtree I97Z).

Complele Utilized Flakes Flakes which possess an intact strikìng
pìatform and which exh'ibÍt traces of havjng been used as
tools or having been altered for use as tools.

Compl ete Unuti I i zed Fl akes Fl akes wh'i ch possess an j ntact
which exhibit no traces of having

been used as tools or having been altered for use as tools.

Incomp]etq Unutilizqd Flakes Flakes possess'ing no visible striking
no traces of haviñg been used as

tools or having been altered for use as tools.

1B



19

Incomplete Utilized Flakes Flakes possessing no visibly intact
strìking p'latforms and which exhib'it traces of having
been used as tools or having been altered for use as
tool s.

Hammerstones Rocks or exhausted cores which have been used
as percussors in the product'ion of flakes (Crabtree lglZ).
Characteristics include battering and breakage along a
raised edge or on one or more ends of the rock.

The artifacts were further divided by lithic types. The criteria
for establishjng the lithic types consisted of a) texture, b) homogeneity,

c) colour and d) composìtion. Nine categories were established:

Type I Swan Rjver Chert Fine-grained chert of moderate homogeneity.
ffi orange to redd'ish-grey with streaked

inclusions of white.

Type II Swan River Chert Fine-gra'ined chert, somewhat more
homogenous that Type I. Colours include reddjsh-orange,
orange, pink, tan and yellow-orange. Grey is often a
colour mixed in with the others. Contains many smal'1,
mottled white inclusions and tiny speckles of red in
many cases,

Red Swan River Chert
homogeneity. it
whi te, speck'led

Fine-grained chert, usuaì'ly of excellent
is red or brick-red in colour with

inclusions and occasionaì1y large whjte
i ncl usi ons .

Mottled or Piebald S¡qn [iver CheI! Fine-grained, homogenous
and whlte, ocóurrìnõ in

about equai proportions in large patches.

Coarse Swan River ghel! Course-grained, inhomogenous chert
"impurities and incl usións, which

render it very poor for knapping. Colours include orange,
pink, grey and yellow, with mottled or streaked whjte
incl usions.

Yellow Chert Fine-grained homogenous chert- probably a variety----- oT-St^/an River Chert. Its ðolouration ìs generaily bright
yellow, tan or creamy yellow. It occasionaily contains
small, white or red inclus'ions less than I mm in diameter.
81ack, coarse l'nclusions or imperfections also occur,
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Cathead and Fine-Grain Cherts Cathead Chert includes several
anded chert of tan, iìght gFeY,

brown and dark grey co'lour, although grey ìs the most
common (Mayer-Oakes 1970). It is very fine-grained in
texture, with on'ly occasional inclusions. Materìals
which were similar to the described varietìes of Cathead
Chert, but which did not fît precise'ly within a category'
were assigned to this category.

Quartz'ite A lithic type consisting of a granulose metamorphìc---- rõcF composed mainly of quartz or a silicated sandstone
(cf Geo'logica'l Society of America 1962).

Granitic Any coarse or medium-grained Ígneous rock which is

---reTated to the granites or gran'ite-type rock families
(cf Geo'logical Society of America 1962).

A few remarks are in order at this poìnt concerning some of the

lithic types. The first five categories are al1 types of Swan River

Chert. This is a broad term denoting a wide variety of lithic

types. Mayer-Oakes (1970: .l06-108) described four varieties of Swan

River Chert, having origìna'l'ly classified them under such d'iverse

categories as quartzite, crystalline chert and smooth chert. His

colour categories included a wide variety of pìnks, reds, oranges and

red-orange. None of them match the above set very weì.l, although

his Class ll, described as "smooth- pink, red orange mott'led and

bands" (]970: 106), is similar to Type I Swan River Chert. As a

further comment on the diversity of the chert, N. Campling (personal

communication) has tentativeiy indentified over 20 varieties of Swan

River Chert, which he describes as a silicified or altered siltstone.

No source has been identified for Swan R'iver Chert' although

Mayer-Oakes (lgZO: l0B) notes a concentration in the upper Assinibojne

drainage basin. Presumabìy ìt was carried from its original source



21

area by glacia'l transport and subsequently was redeposited by post-

glaciaì dra'inage systems. Cathead Chert has been reported as being

found jn outcrops of the 0rdovician I imestones in the western Lake

l,Jjnnipeg area (Tampiin 1968).

Raw Matenial s

Table 2 presents the raw counts and the relative percentages

of the various artifact categories in relation to raw materials.

Type I Swan River Chert contains by far the highest percentages of

any lithic material at 48,7% of the total artifact inventory,

The only other categories to claim more than j0% are Type II Swan

River Chert and Cathead Chert, with 18,5% and 11.2%, respectiveiy.

Among the flake artifact categories the percentages are much

the same, except that Types I and Ii Swan River Chert are somewhat

higher. Cathead Chert flake percentages are somewhat lower than

for the total artifact inventory, since so many of the core fragments

and other categories were made of it. Table 3 presents the totals

of the utilized flakes and unutilized flakes by raw materials,

while Table 4 shows the same in relative percentages. The tables

indicate some differences in the proportion of raw materials selected

for use from among the flakes produced. Both Type I and Type II
Swan River Chert were utilized in higher proportions than other

lithic categories, but Cathead Chert was actually utilized less

than its total proportion. Although'it is clear that Types I and II
Swan River Chert and Cathead Chert were the most widely used ljthic



22

materials at ElMb-]0, it is not known whether this resulted from

conscious selection or differential availability of types.

Heat Treatment and A'lteration of Raw Materials

It is not possible to determine if raw materials from ElMb-10

had been heat-treated prior to knappi'ng. Heat from the 1940 and
.l960 fires was intense enough to alter many of the artifacts- in
fact many of them exhibit signs of colour change due to being heated

within the soil. 0n the other hand, many flakes and artifacts
show no visible traces of heat aiteration- presumably because they

were sufficient.ìy deep to escape the most jntense heat,

Such colour changes may be in part or totalry responsible for
the variations and classifications of Swan River Chert used in this
work. The ferrjc minerals, which impart much of the red pigmentation

to swan River chert, are especially vulnerable to colour changes

due to heating (collins and Fenwick ]rg74). partial or complete

vitrification and recrystallization due to heat from the fires may

also have obliterated many wear patterns on the tools.

The Recovered Materials

Projectile Points Two projectile points were recovered from

the ElMb-]0 excavations. The first of these is a smali, reworked

lanceolate point (Plate 7 D) made of yellow chert. Its length ìs

45.3 mm, its width is 2f.6 mm and its thickness is g mm. It weighs
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7.1 g and has a thick, convex cross-section. The base has been

broken off and now displays a hinge fracture, vrhile the tÍp has been

reworked. The retouching on the tip was poor'ly executed, resulting

in its asymmetric form. Grinding is present aìong both lateral

edges to lengths of 24 and 22.6 mm from the truncated base.

The second point (Plate 7 C) is also made of Yellow Chert.

It was worked from a large flake or blade, and a trace of the original

striking platform remains at one corner of the base. The point is

lanceolate in shape, lB.4 mm wide base. lts width is 27,9 mm at

a poÌnt about halfway up from the base, and it reaches a very sharp,

well-formed tip. Its maximum length is 75.4 mm and it has a thickness

of 9.6 mm. It weighs 
.l7.4 g. A single short, thick flake was

removed from both faces of the base to create a flat bevel. The base

is not heavi'ly ground, a'lthough it disp'lays grindìng to dìstances of

28.8 and 32.8 mm along the lateral edges.

The first point was found at the north end of Excavation Unit i

and was not associated with any features or artifacts save a small

flake of yellow chert. The second point was recovered in Un'it 9 in

association with both utilized and unutilized flakes and the rock

al ignment.

Scrapers One artifact was recovered which could readi'ly be

assigned to this category (Plate 7 E). It is made from a thìck flake

of Type II Swan Rìver Chert and is steep'ly retouched around its

entire circumference. Its edge angles vary from 500 to 800. All

retouch is unifacial, although several small use flakes have been
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removed from the flat ventral surface. No other signs of wear

could be discerned. It ìs roughly round'in ouiline, with a maxjmum

width of 30.3 mm and a minimum width of 25.2 mm. It varies ìn

thickness from a maximum of 9.9 mm to a minimum of 7"9 mm. It
weighs .l0.6 g. It was found in Excavation unit 14, which contained

many utilized flakes, just west of the stone structure.

cores and core Fragments Ten cores or core fragments were

recovered' which represented a total of four whole cores. Four

fragments fit together to make a complete nucleus of a cathead

chert multifaceted core (Plate B D). Three of the fragments were

found in Units 2 and 3 in Feature l, while the fourth had no recorded

proveníence but was probably also from Feature l. The reconstructed

core has a weight of 112.6 g. The chert is a mott'led grey colour and

is of excel'lent quality. Four other fragments were alr found

within Feature 2, and they cou'ld also be reconstructed into a single

piece (Plate B B). The material from which they are made is Red

swan River chert. The core type is indeterminate but poss'ib1y dis-

coidal. It is round and flat, and it weighs 42 g. Two complete

cores were found on the'living floor. One was found in Excavation

Unit l0 (Plate B A). It is multifaceted, made of Cathead Chert,

and it weighs 130 g. The last core (P'late B C) was found on the

surface. It is made of Yellow chert, and it is also a multifaceted

core. It weighs 76 g.

Flakes- All Categorjes A total of 307 flakes were recovered

from the f iving floor (P'lates 9-15): 72% of them are incomplete and
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unuti I 'i zed. Compl ete unuti I ized fl akes compri se the second 1 argest

category with .l3,4% of the total sampìe. Incomp'lete utilized and

complete utilized flakes total 7.8% and 6.8% of the sample, respectively.

complete unutilized flakes are generally the largest, with an average

weight of 15.4 g. They are followed by complete utilized, incomplete

utilized and incomplete unutilized flakes with average weights of 74.7 g,

12.8 g and 7.2 g, respectively. The majority of the flakes were

recovered from the central portion of the excavations, with the

highest densities in Excavation Un'its 2, 3 and 9. The eastern

and western margins of the excavation contained very few flakes,

Five of the flakes assigned to the utilized categorìes

deserve some additional comment. All have been retouched along

one or more edges, and their wear patterns allow an assessment of

function. The first (catalog number 534, Plate l4 D) is a rather

ìong fìake of Type I Swan River Chert. For a length of 54 nm

a'long a lateral edge it has been unifacialìy retouched on its dorsal

face, and several small use flakes are visible on the ventral face.

The other lateral edge of the flake is blunted by both truncation

and steep retouch. The angle of the working edge is about 450, which

could place it is either a ìight scraper or a heavy-duty knife

category. Ventral and dorsal nibbling of the working edge 'is present

to some extent, but not enough to discern orientation of use.

The second (554, Plate 12 D) is classified as an incomp'lete

utilized flake. The two lateral edges are both retouched dorsally.
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The edge angles vary from about 50o to 700, and the thickness of

the working edges is about 3 mm. No striations were noted on the

edges, but nibbl'ing and use flaking are present on the dorsal

face. A scraping function is inferred.

Another small flake fragment, [1394, P'late l3 H), is made of

Type II Swan River Chert. It has been unifacially retouched on

its ventral face. Dorsal n'ibbling is present, and both oblique and

lateral striations appear on both faces. The edge angle is 270.

and its thickness is 3 mm, These characteristìcs are indicative of

a unifacial knife fragment.

The fourth flake was numbered l49A (Plate 15 A), It js a

large specimen, weighing 33 g and is made from Cathead Chert. The

distal end of the flake has been truncated in a very irregular pattern

and has been unifacially retouched to form a very steep working edge

with an ang'le of 60ô to B0o. The thickness of the working edge

varies from l0 mm to 5 mm. The on'ly wear visible on the lvorking

edge is dorsal nibbling and use retouch. The nibb'ling and the other

characterjstics of the flake fit the genera'l pattern of scrapers

as described by Semenov (1964: 83-93).

The fifth flake (1374, P'late l5 K)'is made of Type II Swan

River Chert. it is 47 mm 
'long by 20 mm wide and is lunate in outline.

The convex, lateral edge has been bifacially retouched to form a

,denticulate working edge. The thickness of the edge is 2 mm and its

angle is 25o, although the actual edge is somewhat more blunt-

possibly due to heavy use. Dorsal and ventral transverse striations
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and nibbling are present, and the retouch scars are polished in a

manner which suggests a transverse back-and-forth motion. some

writers (e.g. Bordaz 1970: 42) have suggested a sawing functìon

for denticulate tools, but such longìtudinaì motion of the edge

would leave a different,pattern of po'lish and striations (cf Semenov

1964). The transverse motion indicated by the wear patterns js

more suggestive of a rubbing or shredding act'ivity.

The flakes will be ana'lyzed in greater detail in the fo]lowing

chapters. cluster analyses will be empìoyed to 'investigate flake

production and to derive a functional classification of flake tools.

Hammerstones Five core fragments, in add'ition to those already

described, bear sìgns of having been used as hammerstones. Three

are of an indeterminate variety of Swan River chert (Rlate l6 A,B,D),

and alì appear to have been removed from their parent nodules

either as decortication flakes or by shattering. Battering and

crushing marks appear on the dorsal surface of each fragment, often

in a linear arrangement along a raised ridge or edge. It is quite

like1y that they are exhausted cores which were subsequently used

as hammers. Their weights are 40 g, 30 g and l9 g, and they were

found in Units 2,9 and 2, respectively. The fourth core fragment

(Plate 16 C) is made of Cathead Chert.

along one edge, which may be indicative

dispiays marked battering

either use as a hanmer-

stone or as a retoucher (cf Semenov 1964, crabtree 1g7z). It weighs

ll g and was found on the surface. The last fragment (plate 16 E)

It
of
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was found ìn Excavation unit 16 and is made of rype i Swan River

chert. Battering and nicking appear on its dorsal surface, but not

as extensively as on the other fragments. It weighs l0 g.

Five additional rocks recovered from the ìiving floor exhibited

traces of battering and nicking. Three of them were from Feature I

(plate l7 A,c,E). The first is a massive cobble of granite weighing

259 g. The second is a dense rock of jasper or Red Swan River

chert weighing 65 g. The third is a flat, water-v,rorm pebble of granite

which weighs 46 g. The final two rocks,are also granitic. The

first (P'late l7 D) was from Excavatíon Unit I and is badly weathered

as well as battered. It weighs 156 g. The second (plate 17 B) was

from Excavation unit 8. It is a very dense rock with traces of

battering on several of its facets. It we'ighs 1ZS g.

Miscellaneous Artifacts One fragment of Cathead Chert (P'late I E)

did not fit neatly into either the flake or core fragment categorÍes.

Flakes have been removed from its dorsal surface prior to its detach-

ment from a parent nodule. The ventral surface is interesting in

that it bears an unusual striking platform on which the point of

contact with the percussor stands out in great detail. The cone-

shaped path of the shock wave shows clearìy upon the ventral face.

It was found in Unit 16 and weighs 12 g.

Non-Artifactual Rocks A total of 1284 rocks were recovered on

the livìng floor in addition to the 331 artjfacts. 1zz4 of these

are limestone cobbles and fragments, whjch were scattered thìck'ly over
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the surface of the block excavation. Sixty other rocks.were found in the

excavation block, of which the large majority are eìther quartzite

or granite. Most of the rocks were found rvithin the central area

of the block- most notab'ly in Excavation units 2,9 and 14. Another

rather dense area of rocks was in the southwestern corner of the

block, including Units 7, l0 and 19. Other areas, especia'l1y the

northeast corner, contained few rocks.

Features

Feature I This was a dense collection of artifacts and rocks,

from units 2 and 3 (Pìates l8-.]9). It contained lll flakes, which

amounted to 36.2% of the total samp'le. The reconstructed cathead

Chert multifaceted core djscussed above was found in the feature, as

were three of the hammersiones. Feature I formed a rough arc with

its open end oriented towards the northwest. It measured 240 cm by

250 cm.

Feature 2 lhis feature consisted of a concentration of five

artifacts of Red Swan River Chert located in the northeastern corner

of Excavation unit 2 (Plate 20). Four of the artifacts were the

core fragments discussed above. The fifth item was an unrelated

comp'lete unut'il i zed fl ake. The f eature was smal I , measuri ng only

30 by 30 cm. It was noteworthy in that the artifacts were scattered

throughout a depth of over 10 cmz an apparent indication of postdepos'itional

dispìacement.
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Feature 3 This feature contajned the only faunal remains recovered.

small fragments of burned bone were found scattered in unit 7 in
an area measuring 50 cm by 45 cm. Upon further examination it became

obuious that the bone was unrelated to the occupation. All the

artifactual material from ElMb-10 was recovered within or below

Level IV, but the bone from Feature 3 occurred on'ry in Levels II and

III. The fragments were probably the remains of a small mammal

which had died either prev'ious to or during the fire. None of

the bones was large or complete enough to be identified.

The Rock Structure This feature consisted of an arc of.limestone

rocks stretching across units 9, ll, 14,1s and 17. The rocks within

the structure were much higher in density than those outside it (plates

5'21). The arc, which lay with its convex face oriented to the

west, appeared to extend into the ploughed areas on the north and

south faces of the excavation block, but this could not be verifjed
by excavation. The structure was enhanced by the almost total lack

of rocks or artifacts on the eastern side, and by what appeared to

be a more or less random distribution of rocks to the west. The

distributional signifìcance of the feature will be discussed in

Chapter 7.



CHAPTER 4

ANALYTIC TECHNIQUES

Measurement and Description of Art'ifacts

An analysis of flakes must first of all be concerned with

measurement. Systematic description is necessary in any form of

scientjfic inquiry to ensure that laboratory results, when performed

by different investìgators, will be essentially indentical. At

the most basic level of the analysis in this paper' one must there-

fore be concerned with explic'it techniques of artifact descrìption.

The first step in the analysis is to define the subiect matter. A

flake may be defined as "any pìece of stone removed from a larger

mass by the appìication of force- either intentionally, acc'idently,

or by nature" (Crabtree 1972: 64).

The literature lacks an explicit definition of utilized flakes;

but because discussion of this class of artjfacts is of importance

the use of the term must be specific. A 'utilìzed flake'may be

defined as any flake which bears evidence of alteration from its

raw state either prior to or as a result of its use as a tool in

a culturally defined activity, and in which its ventral and/or

dorsal surfaces can be identified. The formal descr'Ìption of the

fiakes is accomplished through an explicit set of variables or

attributes. Clarke (.l968: 'l86) paraphrases Sokal and Sneath (.I963:

65) ìn defining an attribute as a "1ogica1'ly irreducible character

31
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of two or more states, acting as an independent variable wìthin a

specific artifact system. " Each artifact may in effect be conceìved

of as consisting of a set of descriptive values wherein each attri-
bute supplies a singìe bit of the total body of informat'ion.

Attribute sets pose a variety of prob'lems with respect to the

measurement of artifacts. One of the first prob'lems facing the

anaìyst is that of the relevance of attributes in description, Clarke

(1968: 137 ) divides attributes into 'essential' and 'inessential'

categories, based upon their relevance to any particular analysis.

He asserts (1968: 142) tfrat the essent'ial attributes may be arbi-

trariìy separated from the inessential as a preiiminary step in

analysis. Such arbitrary steps areo however, the weakest points

in analysis and the most difficult to defend.

Sokal and Sneath (1963: 50-51) have approached the problem in

a somewhat different manner. They assume that the classification

of items is dependent upon a iarge number of attributes, and that

no one of them is more or less important than any other. Consequently,

they advocate the use of a 'large number of attributes to ensure the

inclusion of enough 'relevant' ones to provide a useful classification.

From this viewpoint, it is irrelevant to be concerned about the

possibil'ity that not all relevant variables have been included.

Another consideration involves the type of attribute to be

used. Spauìding (1960: 63-67 ) divides attributes into 'metrical'

and 'discreter categories. The former is characterized by attributes
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to which "analysis and description by class'ical statistical techniques

are appropriate," whìle the latter refers to those whose propertìes

can be measured only by presence or absence for each item. Anderberg

(1973: 26-28) suggests a much more specific classification which

includes twelve different variable types. For this paper, the

categories defined by Spauìding are adequate in discussing attributes-

with the enlargement of 'discretet to include those attributes having

two or more states with no ranking of values.

The exìstence of two types of attributes presents a prob'lem'in

the comparison of artifacts. No method exists at present which

allows the quantitative comparison of metric and discrete attributes.

Consequently one type must be altered or converted in such a manner

as to make possible statistical comparison with the other. This

can be accomplished through a wide variety of techniques. For the

interested reader, Anderberg (1973) provides an extensive review of

scaling and conversion methods. Commonìy, metric attributes are

converted to discrete ones through various methods. The techniques

used to convert the metric attributes used'in this work are dìs-

cussed in the appendices which describe the attrjbute sets.

The weighting of attributes also requires discussion. Quite

often it is des'irable to gìve some attrjbuteo or one of its states,

more influence than others. Such wejght'ing may be advisable in

the case of a correlat'ion between rare attribute states. Howevert

a problem similar to relevance arises in determining whether the
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attribute or state is really important enough to be given extra con-

sjderation. Clarke (1968: 142) suggests giving attributes equal

weight initially, as do Sokal and Sneath (1963: 50). Anderberg

(1973: 99) points out that weighting of attributes 'is subjective,

in the end, and that "the blind application of prescribed rules and

'standard formulas' cannot be expected to suffice. . ." Attribute

weights for particular portions of this anaìysis are discussed on

a case by case basis.

Two attribute sets have been developed for the analyses performed

ìn this paper. The first set contains 2l attrjbutes. It refers to

the morphologicai characteristics of flakes and is used in the

ana'lysìs'in Chapter 5. It is described in detail in Appendix A, and

the coded data for the complete flakes appear in Table 24. The

second attribute set contains lB attributes and is applied to the

analysìs of utilized flakes in chapter 6. It is described in detail

in Appendix B, and the coded data for the utilized flakes appear

in Tabl e 25.

Cl uster Analysì s

Formulating an attribute I ist and systematica'l'ly record'ing

information on the flakes is a prelimÍnary but important step in

anaiys'is. The next step is to reduce the body of data to a useful

grouping through cluster anaiysis.
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cluster analysÍs is basically a sorting technique- a systematic

variation of the subjective means of grouping and classification of
objects in which all peopie engage. Anderberg (1973: 3) has

described it as being a technique where ',the objective is to sort
the observations into groups such that the degree of rnatural

association'is hîgh among members of the same group and low between

members of different groups.', sokal and sneath (1963: 52)

provide a more detailed description:

These numerical methods . are collectively cal1edcluster analysis. By way of a formal descripiton, tf,.V
may be recognized as methods for estabit.trirg ;;ädefining clusrers of murually high simiiãrity .ò.iiiðrjãnts
among the entities in the reiemblance matrix. Theseclusters may be likened to hills and peaks on a
topographic chart, and the criteria fòr estab'lishing theclusters are analogous to the contour liÀes of such"a
map.

cluster analysis is a two-step procedure after the data have

been codified. The first step is to compute a measure of sjmìlarity
between the items which are to be clustered. Each item is compared

to each other item in the data set, and the measure of simjlarity

for each pair'sij' is calculated. In its most basic form the

similarity coefficient may be expressed as the ratio of match'ing

attributes to the total number of attributes. Anderberg (.l973:

123) provides nine such formulas for determining sìmilarity. Variations

ín the s formulas are derived from variations in dealing with the

treatment of two factors: whether or not to give more or less weight

to the number of matches and nonmatches, and whether or not to include
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in the computation matches of 'missing' or 'not appìicablet attribute

states. Similarity coefficients are stored in a matrìx which is

very similar to a correlation matrix. It is usually a haìf-matrix

of the form presented in Table 5. This matrix forms the basic data

source for the cluster analysis. It displays the set of similarity

coefficients in a highìy visible format.

The cluster anaìysis ìtself is a rather simple process. The

most simiìar pair or items in the matrix is located, and the items

of that pair are then merged or combìned to form a sing'le entity,

The matrix is then reamanged to reflect the co'llaps'ing number of

entities, and the process is repeated until all members of the data

set have been reduced to a single cluster. Variation in the technique

arises in the particular method of clustering to be employed. Three

basic approaches are generaì'ly used in cluster analysis: linkage,

centroid and error sum of squares or variance methods (Anderberg

I 973: 132) . Li nkage methods are genera'l 1y the simpl est to emp'loy

and interpret, and consequentìy were the ones selected for this

ana'lysis. Linkage methods are in turn d'ivided into three general

categories: single, comp'lete and average. Average linkage is the

procedure used in this work. . For an excellent discussion of singìe

and compiete linkage techniques, the reader is referred to Hodson,

Sneath and Doran (1966) or Anderberg (1973). Average linkage

methods are ìn effect a compromise of the single and complete between

candidate groups to take place only when the average coefficients
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of simi'larity of each group approach each other. Since within-group

coefficients are averaged, statements of maximum or m'inimum similarity

in the cluster on an empirical basis are not possible, as they are

in the other methods, Anderberg (1973: .l40) notes that average

'linkage methods generaily produce results that are not remarkably

different than those of complete linkage.

The results of a cluster anaìysis may be presented in either

of two formats. The first is a merge list, which gives a step by

step renditìon of clustering of the items, information on simil-

arities at the merge points and at what points the items clustered

were last involved and will next be involved in clustering. From

this list the membersh'ip of the clusters may be traced throughout

the entire process. The merge list can be used to draw a dendro-

gram of the clustering resuits" This provides a graphic display

of the clustering process and is very useful in outl'ining the

relationship of the clustered items to each other and in suggest'ing

further lines of investigaûion.

Interpreting the results of a cluster analysis is bas'ica11y

a subjective activity and is not near'ly so mechanical as the clustering

process itself. The results themselves are "devoid of any inherent

validity or claim to the truth and are aìways in need of

interpretation . " (Anderberg 1973:176). The simpiest evalu-

atìon of the results can come from a study of the dendrogram. Strong

or poorly defined clustering may be apparent from even a cursory

exami nati on 
^
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The dendrogram or cluster tree beg'ins at the point at which

the first merge takes place between jtems, and it ends at that of

the final clustering merge, at which pojnt all items have been subsumed

into a single group. These beginning and end points form the upper

and lower bounds of the simiìarity scale on the dendrogram. The

scale in each dendrogram is divided into 25 equal segments or stages

by the computer program for the purposes of further evaluation. If
the rate of clustering is very even throughout the simjlarity scale,

then a plot of the number of merges for each stage of the scale

approaches a straight line sloping from N clusters of one item per

cluster to one cluster containing N itens. A well defined set of

relatively dissimilar clusters should appear in such a graph as a

very concave line, dropping steeply during the early stages of

clustering and level'ling off rather abruptly once the clusters have

been defined. FÍgures 6 A and 6 B illustrate these examp'les.

The rate of absorbtion of unpa'ired items into other clusters

is also indicative of clustering patterns. At the upper end of

the similarity scale- prior to clustering- N free entit.ies (FEs) exjst.

These are paired and absorbed into other clusters throughout the

run until no FEs remain at the lower bound of the scale. Relatfvely

homogenous data sets should pair off and absorb FEs quickly as the

clustering begins, while those data sets which contain a number of

very dissimilar items will ma'intain a rather highìevel of FEs well

throughout the run. such conditions may be p]otted easi]y as a
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graph of FEs agaìnst the clustering st,ages, as'is depicied in Figures

7Aand7B.

These interpretive aids may be used in the partitioning of the

cluster results into a classification of entities. A classificat'ion

or taxonomy for any given run may be delineated by the selection of

a cutoff point on the sjmilarity scale which in effect'ignores any

clustering beyond that po'int. Thís cutoff point has been Cescrjbed

as the 'phenon line' (Sokal and Sneath 1963). No sìng1e 'best'

method exists for the selection of a phenon line [cf Anderberg'ì973:

200). Rubin and Friedman (1967 ) suggest an arbitrary selection

of the phenon prior to analysis. However, the similarity scale

in itself is of little value as a guide to interpretation, so such

an approach to partition cannot be defended. Merge rates and FE

absorbtion, which d'isp'lay elements of the patterns of clustering' are

perhaps the simplest guides to selectìng the phenon. Even with

the use of the clustering rate graphs, there is no ideal point or

set of conditions which may be used mechanically to determìne a

phenon. Th'is is basically a subjective choice which must be made

on the part of the investigator on the basis of the information

available. The graphic aids described above provide a means of

simplifying and clarifying such a choice.

hlhen a phenon has been used to partition a dendrogram into

a set of clusters at some given value on the s'imilarity scale, ìt

may also serve aS a means to label the particular classification.
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For this work, the tiiles chosen for each cluster run on the computer

have been used in conjunction with the value of the phenon on the

similarity scale as a labelling scheme. For example, a phenon set

at a value of 0.46 on the similarity scaìe for Cluster Run XYZ would

result in a designation of XYZ.46 for that particu'lar partition. Each

cluster within it, moving from the top of the dendrogram down,

wouid be numbered sequentialiy- i.e. XyZ.46-1, XyZ.46-2 and so

forth.

In comparing the results of different cluster runs or different
partitions, the numerical degree of simi'larity on the similarity
scale is not in itself sÍgnificant. The various S measures are

affected by factors such as the particular similarity coefficìents,

the clustering algorithms and the number of operative or relevant

variables pertinent to the analysis and data set, For example, a

relatively large number of inoperative variables in a data set will
tend to enlarge the number of mismatches in the S measures, thus

depressing the overall degree of simirarity within the run. As

irrelevant or inoperative variables are removed from the anaiysis s

becomes h'igher, although in fact there is no actual change in real

or relevant differences between items.

Results of different clustering runs may be compared using

a contingency table and applying various measures of contingency

when app'licable. Anderberg (19732 204-207) reviews several methods

of evaluation but concludes that contingency tables seem to be the

most interpretabìe.
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Analysis of Nearest-Neighbour Distances

Analysis of nearest-neighbour distances is a statistical pro-

cedure designed to measure the distances between items in an N-

dimensional space and to generate an jndex of spatia'l configuration.

It is quite simple in the form described by Clark and tvans (1954).

The average nearest-neighbour distance in a sample population is

described by:

where '1, '2, F3...tn are the nearest-ne'ighbour distances and 'N'

is the number of items in the sample popu'lation. The density of the

items in the sampfing area 'A' is given as:

with the qualification that A be expressed in the same measurement

scale (i.e. centimetres, metres, inches) as is used in the r measure-

ments.

The expected average nearest-neighbour distance of items in

a space with the same area for a hypothetical'ly randomly d'istributed

popu'lation is given by Clark and Evans as:

Ir =-" ztd

Ëtrö-- ,

N

,Nd= 
- 

,
A
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From these the ratio 'R' may be defined:

R= +
C

The R statist'ic provides a measure of the distribution of

items in a gìven space. When the population is comp'letely random,

the value of R wil'l equal 1, as aggregation increases R approaches 0,

and as regularity increases in the spacing of items R wili be greater

than l. Clark and Evans show that in a uniform, hexagonal distri-

bution pattern, a maximum regularity of spacing, R is 2.1491.

Significance of the R scores may be determined statistically, and

Clark and Evans developed a method for generating a standard'ized

normal variable 'z' by assuming that the distribution of nearest-

neighbour distances in the sample population is approximately normal:

r:_ G
t=-aucE 

ú. re

where 'Ç.' is the standard error of the mean in the hypothetica'l

random distribution. It is determined by:

.26136
l.JF = '---:-¡e lNd

The z-score may be tested for significance of divergence from the

null hypothesis as a two-tailed test.

However, several researchers (Thompson 1956, Pielou 1959, 
.l960,

1969, Dacey 
.l963) 

have determined that the distribution of nearest-

neighbour d'istances 'is not normal for first or second order neighbours
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in smal'l popu'lations; rather it conforms to the Chi-square distribut.ion.

They suggest an alternate method which is more appropriate for such

cases. it operates by converting the normally square units of area

ìnto cìrcular areas:

\ = ïd ,

where')..is the average number of items found within a circular area

of radius I in a hypotheticaj random distribution.

From this a Chi-square statistic may be calculated:

{ = 2\.Ë n'

A standardized normal variable may be determined using the Chi-

square:

z^ = {ñ - {zF=r )

where 'F' is the degrees of freedom, expressed by:

F=2N

This standardized variable can then be evaluated for statist'ical

significance in the same manner as that of Clark and Evans.

Both procedures allow the researcher to compute a measure of

spatiaì dispersion and to test its significance. Whallon (1974: 23)
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has suggested a method of defining aggregated populations and plotting

those aggregates on a map. If the distribution of nearest-neighbour

distances is treated as normal, a standard deviation may be calculated:

G, ='[7-:F

Using this a cutoff distance 'C' is determined:

C= t; * O.K

where'K'is a confidence level expressed as a multiple of the stan-

dardized normal variate. For example, at a .95 level of confidence

K would be equal to 1.65. A one-tailed criterion must be used since

only those distances greater than C may be thought of as ly'ing

statistically outside the distances between items in the aggregations.

Aggregations which have been defined by this technique may

then be p'lotted as a map by either of two methods. The first
produces essentially a minimum area of spatial clustering (Irlhaì'lon

1974: ?3) by connecting together those items which lie at a

distance of C or less from each othen, The second method produces

the maximum aggregation area. This consists of drawing a circle of

radius C around each item and defining aggregations on the basjs of

the boundaries of the circles, or in the case of overlap, by the

outside arcs of the contiguous circles.

Techniques for comparing spatial aggregates are not well developed,

Whallon (1974¿ ?4) has suggested the use of an index number derived
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by comparing the degree of spatial overlap between various classes

of tools. These indexes may then be arranged into a simi'larity matrix

and submitted to cluster analysis. This method, however, is only

appìicable to large samples of spatial aggregates, which is not the

case in this analysis. An alternate procedure has been developed

for this study, in which several activity-specific tool combinations

(or tool kits) were cleveloped from various sources in the literature.
Two assumptions must be made; 'l ) that the tool combjnations de-

veloped are actualìy va]id for this site, and 2) that the tools

involved would be deposited at or near their point of use. The

tools of each combination may then be grouped together and submitted

to anaìysis of nearest-neighbour distances, If results indicate

that a part'icular combination is spatially aggregated it may mean

that the associated tool types were in fact used as a kìt. The

real extent of the activity area may be defined by the latter of

the mapping procedures described above.

Two of the weaknesses of nearest-neighbour analysis must be

discussed. One problem is the boundary effect (cf l^lhal I on 1914:

22-23), which refers to artificial boundaries imposed by excavation

in relation to the 'actual' boundaries of a site, If excavation

is much ìarger than the actual site area, the results of the spati.al

analysis may be greatly skewed towards aggregaLiorrs. 0n the other

hand, if the excavation is smaller than the site area, only those

aggregations that are capable of fitting into the exposed area
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will be detected. Larger concentrations or patterns mìght pass

unnoticed. Th'is problem is probably minimized at ElMb-l0

because the excavated area seems to correspond with the actual site

boundaries. Further excavation in .l975 
[D. Crowe-Swords, personal

communìcation) has confirmed this insofar as very little material

was recovered outside the limits of the 1973 block excavations. A

second difficulty w'ith the technique'lies in the met,hod of determining

a cutoff point. Treating the nearest-neighbour distances as being

normally distributed can overlook the possibility of multi-modal

or skewed distributions. These can be ind'icative of more than one

level of aggregation, and a cutoff point based upon a normal

distribution will not accurate'ly depict this state (cf Whallon 1974:

33-34 ) .

Note on the Computer Programs

The cluster anaiysis program used in this work was adapted

from Anderberg's (1973) selection of programs for various types of

cluster analysis. The adapted routine was his core-stored similarity

matrix program, inc'luding subroutines CNTRL, MTXIN, CLSTR, LFIND,

METHOD (Version 5) and TREE. It was written onto a disk storage

and retrieval system and entitled CMPCLST. Programs for computing

simìlarity matrixes were written separately and channeled into CMPCLST

at execution time.

The program which executed the analysis of nearest-neighbour

distances was written by the author anci entitled NAYBER. it differed
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from the prescrìbed statistical procedure in that it did not exclude

items which lay closer to the excavation boundary than to their nearest

neighbours. It was also designed to handle very ìarge samples by

allowing the user to subdivìde the study area Ìnto smaller sections

during the computation of the'r'values, which led to greater economy

in execution time.



CHAPTER 5

CLUSTER ANALYSiS OF FLAKE MORPHOLOGY

Introducti on

Many different cluster anaìyses are possible in the ElMb-10

data set. By varying the number and combinations of attributes

and similarity algorithms any number of hierarchical classifícations

may be generated. For the analysis of flake morphology, varìous

possibilities for attrìbutes related to morphoìogy should be used

'in each computer run. None of the attributes or attribute states

were weighted for any of the analyses. Since the clustering algorithm

was fixed into the CMPCLST program, the sole means of manipu'lat'ing

the ElMb-10 data lay in various similarity algorithms. These may

be used to alter the rates of clustering, to include or exclude

nonapplicable matches between attributes and to give greater or

less weight to certain classes of matches or mismatches, Three

similarity algorithms were selected to construct the similarity

matrixes. These and other detailed information on each computer

anaiysis are discussed in Appendix C.

Comparison of the Cluster Partttions

Three classifications were generated by the cjuster analyses:

8.183, E.257 and F.251. Dendrograms and rate graphs for the respective

classifications are presented in Figures B-.l6.

48
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it is apparent from examination of the dendrograms that all
three cluster classifications lack a clear and obvious separation of

their constituent clusters. In general, clustering tends to begin

slowly and then increase ìts rate steadily to form a smooth, raiher

convex pattern. Free entities are usualìy absorbed at a somewhat

faster rate, which is genera'lly the case for at least the early

stages of any run (as items are paired off into initial clusters).

This creates an overal'l pattern for all three runs of an initjal
pairing of free entities to form many small clusters, followed by

the slow absorbtion of other free entities into each cluster.

Merges between clusters usually remain minimal until rather late

in the runs, when most of the free entities have a'lready been taken

into one or another of the clusters.

All three runs tend to form two large clusters and severar

smaller ones. in each partition cluster I is the largest, ranging

in size from 44 items ìn F.251-1 to 38 in E.zs7-1. Three items

failed in al'l runs to merge with any other group or item before

the phenon was reached. A fourth item also failed to be absorbed

in 8.183 and F.251, aìthough it joined Cluster 5 in E.257.

contingency tables between the three partitìons (Tab'les 6-B)

are of aid in comparing them. l,lhile such measures of contingency

and probability of associatìon as chi-square are not relevant in

these cases due to the low expected cell frequencies, certain indi-

cations of the relationships between the partitions are observable.
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The three partit'ions do not differ much from each other. This

is not surprising, considering that the similarity aìgorithms for

Runs B and F were virtualiy identical. However, the more distìnctive
a]gorithm used for Run E generated a similar classification.

Assuming that none of the simiiarity a'lgorithms resulted in a false

or spurious representation of the data structure, a'|1 three partitions

must be considered to be viable classifications of the flake mor-

phology of ElMb-l0.

None of the partitions, however, exhibits any discrete structure-_

no clearly-defined set of 'natural' flake types. 0f the three F.251

shows the best separation of its component clusters. In addition,

the contingency tables indicate that F.251 is closer to each of the

other partitions than they are to each other. consequently it was

chosen for further consideration.

Ana'lysis of the F,?51 Clusters

The partition of Run F at a phenon of.25l resurted in six

clusters. cluster I contains 44 items, or more than 70% of the

samp]e. t.251-2 is composed of l4 items for a total of zz.5% of the

population. The remaining four clusters contaìn single unpaired

enti ti es .

The two major clusters are not very separated. Both formed at

about .27 on the sjmi'larity scale, and they wou'ld have merged at

roughly .23 on the scale. cluster F.zsl-l is.a mixture of nested
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clusters and out'lying absorbed free entities. A weak confìguration

of two clusters exists within it, although these merged to form Cluster

I immediateìy after their individual resolution. Cluster 2 is some-

what better defined, consisting of two separate clusters which

resolved themselves at similarity values of .32 and .30, respectively.

These merged at ,27 to form F.?51-2. The remaining four entities

are very dissimilar to both clusters and to each other. They did

not merge with another cluster until about.20 on the simiiarity

scal e.

The clusters shou'ld, of course, display significant differences

since such a result is the stated objective of the technique (cf

Anderberg 1973: 15). comparisons aimed at confirming differences

between the component clusters of any partition are virtual

tautologies. However, such examination is fruitful in explicatìng

the fundamental causes of the partition. clusters are separated

from each other by virtue of their dissimilarity, and examination

of the attribute states common to each of them should allow the

investigator to outline the morphologicaì .hu.u.t.rjstics which

are unique to each.

Thirteen attributes appear to show no association with clusters.

Both of the large c'lusters exhibit roughly proportionate distributions

of the attribute states, contingency tables were drawn for two

attributes, which were unassociated with cluster separation. One of

these, 'Lipping on ventral surface' (Attribute 5), was plotted in
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three different ways (raoles 9A-c), with the result that all three

showed nonsignificance for the chi-square test at the 5% level. The

other attribute, 'Platform Preparat'ion' (Number 3), was tested by

Chi-square (Tab1e l0) and also showed no association between states

and clusters.

Five attributes exhibit an association between various states

and clusters. 'Platform Length' (Attribute l2) was plotted in two

contingency tables. The first table (laUle ll A) was tested by

Chi-square and found to have a high probability of association between

states and clusters, most 1ikely between State I and Cluster l.
The second p'lot of the attribute and clusters (Table ll B) was

not valid for the application of the chi-square because of low

expected frequencies. However, the table exhibited tendency for

state 2 to be associated with cluster 2. 'Platform lnlidth' (Attribute

l3) seemed to be distributed such that cluster I contained vir-
tua'lly only states I and 2, and cluster 2 contained predominanily

States 3 and 4. When plotted as a contingency table (faOle 12)

this division between attribute states and clusters became apparent,

although the Chi-square was also not appìicable. ,Maximum Flake

Length' (Attribute l6) exhibited a similar distribution, with States

I and 2 associated with cluster I and states 3 and 4 with cluster 2

(Table l3). A Chi-square test yielded a value of 1.34 with one

degree of freedom, which indjcated a highly significant probabi'lity

of association between the attribute states and clusters. 'Bulb

of Percussion Thickness' (Attribute l7) appeared to be divided such
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that Cluster I consisted entjrely of States I and 2, while Cluster 2

contained mostly States 3-5. Il.Ihile the Chi-square test could not

be app'lied in this case [Table l4), the association of states and

clusters would seem most 1ike1y. (Maximum Flake Thickness* (Attri-

bute 20) appeared to be distributed with States I and 2 exist'ing pre-

dominantly in Cluster I and States 3-6 in the other clusters. A

Chi-square test of the contingency table (tan1e l5) y'ieìded a

value of 27.68 at one degree of freedom, which indicated a probability

of association in excess of 99.9%.

Discussion

The five relevant variables from the cluster ana'lysis are

all categorized metric attributes and alj refer to linear dimensions

of the flakes. Those which Ìnvolved angles, ratios and nominal

qualities remained relatively nonoperative in the ana'lysis. Two

of the five variables, 28 and 31, are redundant in that the thick-

ness of the bulb of percussion and the maximum thickness of the

flake are genera'l1y identicaj.

0n the basis of the anaìysis of the attributes and clusters,

the various properties of Clusters I and 2 may be summarized as

fol I ows :

Cluster l: the striking p'latforms are rather smal'l ,
falling into sizes of about l-5 mm in length and l-18
mm in width. The flakes general'ly range in length
from l9-30 mo while thickness is usualìy'less than
i0 mm.
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Cluster 2: striking platforms span a range of 6-10
mm in 'length and they are generally greater than lg
nnn in width. Flake length is usually greater than
40 mm and thickness more than l0 mm.

The major difference between the clusters appears to be one

of size. cluster 1 is comprised large'ly of smaller, thinner flakes;

cluster 2 is made up of largero thicker flakes. The difference in

flake size between cluster I and z may be more a matter of the

way in which the data was coded than any'natural'grouping" Dimensions

were categorized by simply subdividing the range of metric measures

into classes of equaì size. Such codjfication ignored such elements

as the shape of the distribution curve, a factor which jf taken into

account might have led to a better partition of the flakes.

The lack of clearcut flake grouping may indicate a lack of

concern on the part of the artisan (or artisans) as to the degree of

control exercised over the production of flakes. The use of a djrect
percussion technique with a hammerstone or baton would liave resulted

in less control over the production of uniform flakes than methods

such as punching and pressure (cf Crabtree 19lZ: ll-13). The

lack of association of lipping on the ventral edge of the striking
platform with any particular cluster tends to confirm the direct
percussion interpretation, since lipping is usual'ly assocìated with

controlled, indirect percussion techniques--although it can occur

with direct percussion performed with a soft hammer.

Three of the four cores recovered from the ErMb-r0 floor were

multifaceted. A multifaceted core is more easily worked by direct



55

percussion? either by baton or hammerstone, although an anv'i'[ may a'lso

be used in combination with a percussor. The shape of both the multi-

faceted and discoidal cores is general'ly iryegul ar, making it diff icul t
to use with any punch or indirect percussion techniques.

It would not appear that the artisan was attempting to produce

specific flake types. This is supported by an examination of the

utilized and unutìlized flakes. If no specific flakes were being

produced for specific tool types one would not expect to find any

difference in the selection of flakes for use from either of the

clusters. The hypothesis of nonassociation is confirmed by a chi-

square test (ranle l6). The test yields a value of .353, indicating

a lack of association between utiiized materials and flake clusters

at the 5% level with one degree of freedom. Thus neither cluster I

nor Cluster 2 flakes were differentialiy selected for use.

The five attributes which are operative in the analysis are

those of flake length, thickness and the dimensions of the striking

platform. Speth (1974,1975) has demonstrated the strong pos'itive

correlations between platform thickness and flake length, and

between p'latform thickness and flake thickness in hard-hammer percussion

knappi ng .



CHAPTER 6

CLUSTER ANALYSIS OF UTILIZED FLAKES

Introducti on

As in chapter 5, three computer-assisted cluster anaryses were

run on the data set. Characters from the Greek aìphabet were assigned

as labels for the individual runs; otherwise nomenclature was the

same as in previous runs, The similarity algorithm from Run F in

Chapter 5, which had apparently been the most successful in

separating clusters, was chosen for all three of the present ana'lyses:

5=A-D
A.D+B

variation within the runs was accomplished through the use of

different weighting schemes for the variables. These procedures,

along with detailed discussion of the three runs, are presented in

Appendix D.

Comparison of the Cluster Classificatjons

The cluster anaìyses generated three classifjcations of

uti I i zed fl akes : A] pha .7 41 , Beta. 646 and Gamma .67 4. Dendrograms

and rate graphs for each partition are depicted in Figures 17-25.

All three partitions are similar in that they exhibit at least

fair separation between clusters" Alpha shows perhaps the poorest

56
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separation, While Gamma has the clearest. In all three cases the

clustering process seems to have been a fair'ly homogenous blend of
absorbtion of free entities and reclustering of the groups. The

merge rates and absorbtion rates also reflect this tendency toward

homogeneity of process. They are not genera'lly angu'lar curves, and

few sharp breaks in the rates appear. The merge rates are alì very

similar. That of Atpha is perhaps the least smooth and uniform,

while Gamma is very regular and uniform, Alpha a'lso shows a rather

stepped absorbtion pattern, while Beta and Gamma are about equaììy

regu'lar.

it would appear from contingency tables (Tables l7-lg) that

the three partìtions do not great'ly differ from each other, although

this must remain an unsupported speculation in the absence of

app'licable statistical tests. All three taxonomies are assumed to

be viable representatjons of the structure of the data set, The \-

clusters in the partitions show fair separation, and it might be

said that partition Gamma.674 exhibits this feature most clear'ly.

In fact, Gamma appears to be the best partition in relation to
such factors as contingency between clusters of separate partitions

and the number of free entity clusters per partition"

Anaìysis of Gamma,674

Gamma,674 is comprísed of ten clusters. The first two, scanning

from top to bottom in the dendrogram (Figure 23), are the largest.
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Each contains l6 items or 30.7% of the population. cluster 4 is

the next largest, with eight items or 15.4%, followed by clusters

3 and 5 with four and three members, respectively. Clusters 6

through l0 are all free entities.

None of the clusters is'large enough to allow a reliable

statistical examination of its attributes, a'lthough they are worthy of

comment. Table 20 presents a summary of the attribute data for

each cluster in Gamma,674, The metric attributes are assigned

ranges based upon the standard deviation about the mean for Clusters

1 through 4, and upon the actual range (or single value in the

case of free entity clusters) for the remaining c'lusters. Since

all of the nominal attributes except Number l8 are presence/absence,

these variables are listed in the table on the basis of the number

of 'present' attribute states in each cluster.

Attribute I appears (faOle 20) to influence the structure

of the clusters in only one case. cluster 4 is noticibly different

than the others in the overal] range of edge lengths. This same

feature caruies over in Attribute 2, in which cluster 4 is composed

of items having markedly concave work'ing edges, compared to the

rather straight edges of clusters I and 2, and to the moderate'ly

convex edges of the cluster 3 members. The members of clusters

5,6 and l0 also exhibit convex edges, although these are alì very

smal I cl usters

Attribute 3, the measure of working edge ang'le, shows its
greatest difference in the 'large clusters between cluster z and
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clusters l, 3 and 4. The difference between clusters I and 2 is

especia'lìy noteworthy with regard to Attribute 3, since they

exhibit few differences in other attributes.

Neither Attribute 4 (edge thickness) nor Attribute l7 (flake

thickness) appear to be much different between the crusters.

Perhaps the on'ly exception to this might be cluster 2, in which

Attribute 4 would seem to be somewhat thinner than in the other

cl usters.

The categorical attributes are rather difficult to interpret.

Generally, the number of 'present' states recorded for any cluster

was not great, which renders comparison difficult. Attributes 7

and 8 are the only ones in which each cjuster was well represented,
'if at all. In fact, Attribute 7 (dorsal nibbling) appeared on

all but one item, making it an almost universar property of flake

edges in the sampìe. 'ventral llibbling' (Attribute g) was less

common, aithough it occurred in about half the cases in clusters

I and 2 and on most specimens of Chapter 3.

Attributes 5 and 6, referring to dorsal and ventral edge

polish, seem to occur jointly in four clusters and singly'in only

one. These were often both marked as 'present'when wear or poiish

occurred along the very edge of the flake, and thus this phenomenon

probab'ly reflects this coding to some degree. However, dorsa'l

polish seems to have occurred with some greater frequency.

Attributes 9 through l4 all refer to striations on the utjljzed
edges" 0f the 29 cases of striations recorded in the data set, 22
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oY 76% occur in Clusters I and 2o and these are confined to lateral
and transverse striations. cluster 4 exhibits a solitary case of
transverse dorsai striation, and the singìe member of cluster l0
possesses transverse striations on both faces of the working edge.

The free entity of cluster 7 has dorsal and ventral lateral
striations, and also the onìy recorded cases of dorsal or ventral

obì ique striations.

'Dorsal trimming of the working edge, (Attribute l5) occurs

with some frequency in four clusters, aìthough it does not appear to
be a major factor in any of them, except perhaps in the case of
Cluster 5, where all the items have been dorsally retouched. Clusters

6 and l0 also exhibjt dorsal retouch, aìthough these are free

entities and generalization is not possible. ventral retouch is
even rarer than dorsal and occurs joìnily with the latter in only

Clusters l, 5 and 10.

Attribute i8 refers to the texture of the working edge. Litile
can be said of the distribution of these attribute states except

that more regular edges occur in clusters where working edges tend

to be thick and steep-angled. The reverse is true of those clusters
containing tooìs with thin, shallow edges, This phenomenon would

be expected as a natural function of the thickness and durability
of the working edge. Only one denticulate edge occul s, which is
probably a reason that it formed the solitary member of cluster .l0.



61

In generaì, none of the attributes appears

throughout the process as a major determinant in

appear rather to have been factors in separating

most one or tu¡o clusters,

to have operated

c'lustering. They

or forming at

Di scuss ion

It is possible at this point to infer minimally functional

roles for the ten artifact clusters generated in the anaiysis. It
should be kept in mind that the clusters should not be consjdered as

a set of formal artifact types. They are relevant only to the data

set used in the anaìysis and should be viewed within that context

as a set of general functional categories. Individual artjfacts
within each cluster will vary in their conformity to the 'idealized'
functional category.

The artifacts of cluster 4 are easi]y separated from the

others by their concave working edges. The rather short, concave

edge has an angle of roughly b0o. The flake near the edge tends

to be rather thick, and wear patterns basica'l'ly include dorsal

nibbling or crushing and dorsal transverse striations. This notch

or concavity generally consists of a single steep flake removed fnom

the dorsal face of the flake. Such tools fall easily into the

category of spokeshaves, whose use genera'lìy incìuded trimming or

working small-diameter shafts of wood or bone (semenov j964: ll3).
cluster 5 is composed of scraping too'ls. All exhibit moder-

ateìy convex working edges with steep angles of retouch and genera'lly
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thick working edges. Furthermore, polish is genera'lly present

a'long the working edge on'ly, while nibbling of the edge is restrjcted

to the dorsal face. This might be indicative of a sing'le scraping

motion toward the ventral face with the dorsal edge placed aga'inst

the surface of the material being scraped.

Cluster 2 members may be classed as knives, based for the

most part upon the shape and texture of the edge and upon the edge

angle. wilmsen (1970: 70) suggests that tools with edge angles in

th'is range (ìess than 35o) may have been used in such tasks as

cutting meat and skin. Patterns of striations upon the cluster

members are not dissimilar to those described by Semenov (1964:
.l04-106) for meat knives. The sing'le member of Cluster 7 also

falls within this category.

Cluster I, while similar in edge shape and size Lo Cluster

2, is typified by much higher edge angies. l^tilmsen (19i0: 70)

notes a high incidence of simiìar edge ang'les in Paleo-Indian

artifacts and suggests that such tools may have been useful in a

wide variety of functional roies. Possibilities include skinning

and hide-scraping, sinew and plant fiber shredding, and heavy

cutting of wood and bone. Many of the traits expressed in cluster

I are similar to those described by Semenov (.l964: .l09-lll) 
as

belonging to whittling knives. However, 'lack of sufficient

evidence of striation and polishing precìude such a specific

classification in this case.
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cluster 3 remains somewhat enigmatic. It is characterized by

genera'lly convex, ìong edges with moderate edge angles. The workÍng

edges tend to be thin, and signs of wear are bifacial. perhaps a

function similar to that of cluster z might be suggested.

Clusters 8 and 9, eiach contajning one flake, are in fact
exactly alike, except that they are mirror images. They occur

opposite each other on both sides of a truncation on the same

flake. Functional possibirities for these edges are somewhat of
a mystery. A scraping actÍvity might be indicated by essentially
unifacial nibbling of the edges, given that each edge was treated

identicaì]y. It is also possible that the edges of other tools
may have been,scraped across it as a means of dulling or blunting
a sharp edge.

The solÍtary member of cluster 6 may be classified as a

scraper. It is not diss'imilar in shape to the members of cluster
5, and it differs from them mainly in its thickness and somewhat

irreguìar working edge. The rough edge might be indicative of
either an unfinished tool or one which was used to scrape or shred

a durable substance such as wood.

Cluster l0 also contains a single

whfch separates it from other clusters

working edge. Striations and bifacial

transverse motion, such that shredding

1i ke'ly functiona'l category.

artifact. The major factor

i s i ts decidedly dent'icul ate

poìish suggest a two-way

would appear to be the mosÈ



64

In Chapter 3 five flakes were described and tentatively assìgned

functional classifications. The only two included in a cluster of

more than one member were 534 and 554, which were placed in Cluster l.
The others formed three separate clusters.

It might seem fn retrospect that a tremendous amount of work

was undertaken to assign the flakes into sets of rather obvious

functional categories, and that it would have been.much simpler to

categorize the tools in a fashion similar to that used for the

five flakes in Chapter 3. However, this ljne of reasoning pre-

supposes that a priori functional classifications are indeed viable

and relevant to the data set. under these conditions, without the

knowledge of the underlying structure of the data provided by the

cluster anaìysis, the dangeris greatìy increased of isolat.ing

functional tool categories which might not in fact exist.



CHAPTER 7

SPATIAL ANALYSIS OF ARTIFACT DISTRIBUTION

Introducti on

Thirty-two of the utilized flakes from the ten artifact classes

isolated in the preceding chapter were recovered in situ (Figure

26). There are more tools than frakes because several have more

than one utilized edge. The ten artifact classes may be coliapsed

into seven tool classes; each with a set of artifacts having provenience

in each:

1. (C'luster l) Heavy Cutting and Shredding ToolsZ. (C'lusters 2 and 7) Knives
3. (Cluster 3) Convex-Edged Knives
4. (Cluster 4) Spokeshaves
5. (Clusters 5 and 6) Scrapers
6. (Clusters B and 9) Unknôwn Function
7 . (C'luster l0) Denticulate

These tool classes together with hammerstones, cores,

fragments and the l2B4 rocks recorded on the living floor
data base for the spatial anaìysis.

Activity-Related Tool Combínatjons

As was discussed in previous chapters, the spatia] analys'is of

functional classes of tools is intended to allow an interpretat.ion

of whether certain areas of the site were used for specific activities,
and whether certain classes of tools co-occur within those areas.

These combinations of functional artifacts, or tool kits, have

received considerable attention in the literature, although very

lt
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little formal ana'lysis has been carried out to isolate them for
particul ar archaeol ogical units,

l,rlilmsen (1970: 75-80) has commented on the functional

combinations of tool classes at eight Paleo-Indian sites. He infers

that butchering activities utiiized largeiy single-edged cutting

tools; that various forms of hide or skinworking required shallow-

angìed endscrapers and singie-edged cutting toois; that wood or

bone working included the use of spokeshaves, gravers and tipped

tools, and steep edge-angìed tools; and that p'lant product process-

ing (which apparently overiaps with woodworking) utilized such

tools as steep edge-angìed tools, spokeshaves and denticulates.

Frison (19742 92-95) has described the tool assemblage from the

bison kill at the casper Site in wyoming, It consisted of four

flake butchering tools with edge angles varying from Zgo to 57o.

The working edges were located on convex edges on the flakes,

which places them in a similar category as the utilized flakes of

category 3 of this work. Other writers have described simirar

assemblages associated with kill or butchering activities. wheat

(1972) mentions flake knives and thin, utjlized flakes as being

conspicuous at the 0lsen-chubbuck site, along with a sing]e side-

scraper and unutilized debitage. Agogino and Frankforter (1960)

are not as specific but they describe the assemblage from the

Simonsen Síte as consisting of knives and scrapers.

l,Ihile not specifically Paleo-Indian, data from other sites in
the northern Plains are also helpfuì, Dyck (1970) suggests four
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artifact combinations at the Moon Lake Site, an Oxbow s'ite in

Saskatchewan. These include thin and thick bifacial knives and

small endscrapers in cutting and butchering activities; small

endscrapers, large endscrapers and steeply-retouched flakes for

hideworking activities; and large bifaces with both cutting and

f1 i ntknappi ng.

The author (1976) suggests two activities for combinat'ions of

tools at the Cherry Point Site, a McKean-Oxbow site in Manitoba.

These include high and medium-angled scrapers, endscrapers and flake

scrapers for hideworking activities, and flake knives for shallow

use; instead of angled scrapers for skincutting and ta'iìoring.

It may be generaljzed from the above discussion that certain

functional categories of tools may be associated with spec'ific

cul tural activities, r^¡hich may be summarized below:

Butchering, including sing'le-edged cutting tools with shallow
edge ang'les and convex-edged knives (Tool Categories 2 and 3)

Hideworking, including shallow edge-angled scrapers,
singled-edged cutting too1s, medium-angled cutting tools
(Tool Categories I and 2; or as a second set, Catãgorìes
l, 2, 5, and the tool formally c'lassified as a scraper in
Chapter 3).

Bone or fnloodworking, including spokeshaves, burins, gravers
@tting tools (rool categories I añ¿ +).

Plant Product Processing, including denticulates and medium-
1 Categories I and 7).

Fl intknappinq, including hammerstones and core fragments
uti I ized as hammerstones.
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This list includes only lithic tools, and while these tool

combinations can hardly be considered complete, either in total
numbers of activities or in the total number of tool types in each

category' they provide a base from which to perform further ana'lysis.

Analysis of the Tool Combinations

The six tool combinations discussed above were submitted to

analysis of nearest-neighbour distances. The results are presented

in Tabl e 21, Four of the combinations demonstrated significant
tendencies toward spatia'l aggregation at the 95% level of probability.

These were butcherìng, both sets of hideworking tools and those

related to woodworking activities. The tests of significance for
flintknapping and plant product processing tools did not indicate

that either combination was aggregated; in fact, flintknapping too.ls

appeared to be spaced rather uniformly across the lìvìng f1oor,

although this may be due to bias given the small sample of tools in
this category.

0f the aggregated combinations, ail except woodworking tend

to fal i within the same three areas of the síte. These may be

designated for the sake of convenience as Areas I, II and III.
Area i occupies portions of Excavation units 2, 3 and 2l; Area II
lies in units ll and 14; and Area III in units 12 and 

.l6. 
Maximum

distribution areas for each of the toor combinations are presented

in Figures 27-30,
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Area I contains tools from three combinations, including

woodt¡orking and both hideworking sets. Additional artifacts occurring

within and about the area include f'lintknapping tools and the

concentration of unutilized flakes in Feature J.

Area II is composed of tools from all four sets. The woodworking

tools, in fact, form a broad single area made up of both Areas I and

II. Hammerstones and cores do not occur within the area, a'lthough

unutilized flakes are relatively abundant, especia'lly in the

southwest corner.

The onìy too'l set represented in Area III is that of butchering.

Three of these flakes also bear spokeshaves, part of the woodworking

set. Other tools found within thís area include the denticulate

of category 7, a hammerstone and several unutilized flakes. The

fact that the butchering set is composed of only two tool classes,

and that spokeshaves and a denticulate are present in the immediate

area' casts doubt upon the validity of an interpretation of

butchering activities within the area. It is conceivable that

another tool set, which has not been defined for this work, is
present in this area.

The three areas of tool aggregation form a rough triangie.
The space between them has been largely cleared of rocks and other

artifacts, except in the north end towards Feature l. The

only tools to appear within this central area are the two projectiie
points. It does not seem unreasonable to postulate that activities
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at the site took piace around the central area, in which an an.imal

may have been butchered.

It is probable that hideworking took pìace in Areas I and II,
and the presence of woodworking tools may be related to the stretch-

ing and dryíng of hides and the preparation of structures associated

with those activities. Area III is not so clear'ly related to

activities within the central area, but it appears that some sort

of p1ant. product processing was carried out there.

Distribution of Rocks on the L'iv'ing Floor

It has been suggested previousìy that the distribution of the

rocks on the living floor of the site lay în a nonrandom pattern.

The structure may have been used as a windbreak of a hunting

blind, or it may have been a natural feature such as a frost
polygon or an ice stagnation feature.

A nearest-neighbour analysis was performed on the l2B4 rocks

(Tabl e 22).hlith so 'large a sample, the distribution of nearest-

neighbour distances approximate the nrormal, and the clark and Evans

statistics can be taken as valid. The results indicate a significant

departure from a random dístribution, at the 5% level.

Both the cultural and natural alternatives would be expected

to exhibit nonrandom d'istributions. However, cultural structures

would be expected to exhibit differences in the size and rveight of

the rocks from within or without the structure. A natural feature
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such as an ice slagnation feature or a frost poìygon, on the other

hand, would not show any significant difference between those rocks

within and outside of the featunes [cf Flint 1971¿281-282, Easter-

brook 1969: 220-221), In eìther a windbreak or a hunting blind

the stones would presumably have served to anchor some sort of brush

or skin structure, and larger stones would have been preferred.

To test this hypothesis, a'll of the rocks from the structure

in Unit l4 and the rocks from Unit 13, at the far west end of the

excavation block and furthest removed from the structure, were

taken back to the laboratory. The rocks in each sample were

weighed and descriptive statistics were computed for both (Tab1e 23).

The sample means were then compared to test whether any

significant difference existed between them. A standardjzed

variable of -4.072 was obtained for the test, in which a score of

-1.96 to 1.96 is sufficient to indicate a significant difference

in means at the 5% level. Thus the mean weights of the two samp'les

are significantly dífferent; rocks from the structure are decidedly

heavi er.

This test result provides a support for the supposition that

the structure was a product of cultural activity. That it was a

windbreak seems the most 'logicai alternative. During the summer

months the major winds in the Manitoba Lowland Plain are strong

westerlies and southerlies. The orientation of the structure was

such that it would have afforded protection only to those on its
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eastern side, but not to the area of tool concentration, The area

to its east is clear of rocks and would have been a suitable part of

the camp for sleeping. Gould (1971: .l66) 
has described a similar

windbreak constructed by Australian aborigines.



CHAPTER B

SUMMARY AND CONCLUSIONS

Comments on the Methodology Empìoyed

0n the whole the combined cluster anaìys.is proved useful for
isoìating functional categories and relating them to activity areas.

Drawbacks relate not to the procedure but to aspects of the

component procedures.

The cluster analyses appear to have been successful, yeilding

a body of relevant data for further use in the nearest-nejghbour

analysis. The attribute l'ist empìoyed was satisfactory, judging

by its results in the various crustering procedures. The major

diffícu'lty lies in the lack of an independent test of its accuracy.

The graphs of the rates of clustering and free entity absorbtion

were an attempt ro fill a current gap in interpretive a.ids for
cluster anaìysis. They were unquestionably of use in deciding

where to establish phenons in the cluster partitions. The use of

several algorithms for weighting variables and partitioning data

sets was also an advantage. While literally hundreds of combinations

exjsted for this procedure, those selected appear to have been

sufficient in deriving usefu'l classifications of flakes and tools.

The use of other combinations probably would not have yieìded

significantiy different results.

73
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The nearest-neighbour ana'lysis suffered the greatest drawbacks.

lrlhìle it still proved to be a powerful tool in anaìyzing the structure

of the site, its usefulness was hampered by two separate factors.

The first was the extreme sensitivity of the chi-square procedure

to one or two'large distances. This easi]y led to djscrepancies

in the tests of significance between it and the procedure deve'loped

by cìark and Evans. For large samples this discrepancy couid be

resolved without great difficu'lty. The second drawback to the

method was the almost total lack of reliable interpretive aids.

The method suggested by t¡lhallon (1974) was not feasible gìven the

small number of tool classes. The alternative involving combinations

of tool classes was not whoì1y satisfactory due to the fact

that such combinations or 'tool kits' have not yet been firmly

establ ished.

Problems in Dating and Environmental Reconstruction

ldhile the methodology developed above for marginai-recovery

sites appears to have been successful in inferring cultural activities
and their spatial distribution at ElMb-l0, the lack of corraborating

data presents problems.

Any absolute dating of the site is rendered impossible by the

absence of any organic remains. Relative dating is diff.icult
as well. The position of the site in relation to the fossjl beach

ridges of Glacial Lake Agassiz offers some assistance, although the
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maiority of the beaches cannot be traced in a continuous pattern in
the Duck River area. The best developed of them include the upper

and Lower campbell beaches near the town of pjne River and the

Burnside and 0ssawa Beaches just west of Lake l,^Iinnipegosis (Johnston

1921: 12).

According to maps avairable (Johnston 1946), ElMb-10 apparently

lies beneath the Burnside Beach and above the Ossawa. An artifactual
material from the site lies on top of an old soil surface, so it
is unl'ike1y that it was inundated by rising lake levels after its
occupation. This would p]ace the date of occupation after the

Burnside Beach was last active. Elson (1967: 76) places the final
phase of the Burnside at about 6500 8.c., so the site is unlikely
to be any older than this.

No Agate Basin sites in canada have yet been dated. In the

united states they span a maximum range of 9500 to 6000 B.c. (t,lheat

1972: 157, Irwin-[.{illiams et al 1973; 52) at site on the Great

Plains. If this time range is correct ElMb-l0 was occupied somewhere

near the end of the Agate Basin time range, a'lthough it.is possìbìe

that the site may have been occupìed much more recenily. There are

a number of Manitoba sites containing artifacts similar to assemblages

to the south but dated 3000 to 5000 years'later. Examples of

such sites include the swan River Site, FbMi-s (Lowden, Itfilmeth

and Blake (.lS70: 475-476, 1g7Z: 17, Lowden, Robertson and Blake

1971: 258-259), and the cherry point site, DkMe-10 (Haug 1976: 44).

whatever mechanism may account for this phenomenon (cf pett.ipas l9z0:
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16'17), it is conceivable that ElMb-.l0 could be dated as recently as

4000 to 3000 B.C.

No p'lant remains were recovered from the site, thus prec'luding

interpretation of the local vegetation. J.c. Ritchie (lgoz) carried

out palynological studies at several locations on the Manitoba

escarpment on Riding Mountajn. He concluded that during the probab'le

period of occupation the area now characterized by aspen parkìand

was dominated by grassland (1967: 22g). This reconstruction,

however, was based upon upland sites, and it is probable that

marshes dominated the poorìy drained lowlands (cf Shay 1967: 247).

A marsh may have existed near the site, but the site area would

have been better draíned. The cljmate responsible for maintaining

grasslands in the region has been described by Bryson and wendland

(1967 ) as having drier and lvarmer summers and winters that were

probably somewhat colder and moister than at present.

t¡lhile a rough idea of contemporary cìimate and environment

can be pieced together for the ElMb-]0 area, the season of occupation

cannot be determined with any degree of certainty. A w.inter

occupation of the site can probably be ruled out on ethnographic

grounds. Evidence has shown the general lack of aborigìna'l

utilization of open grasslands during winter in the northern p'lains,

and it is likely that winter campsites occurred in more sheltered

areas. The presumed windbreak at Duck River would have been better

suited to the warmer months than to winter.
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Summary

The lack of discrete flake groups produced by the cluster

anaìysis is attributed to a direct percussion technique upon multi-

faceted and discoidal cores. It is suggested that such techniques

are a common occurrence in techno'logies of expedience. A relatíve

abundance of lithic raw materials would tend to decrease the need

for more control'led knapping procedures. It is quite likely also

that the tools manufactured and used at the s'ite also reflect a

technology of expedience. with few exceptions they were produced

with minimal attempt at standardization of form. This lack of

standardizatíon allowed on]y a minimal separation of tools into

functional classes.

The small sizes of the tool categories prohibited the application

of certain spatial analysis techniques, but an alternate procedure,

in which activity-specific combinations of tool classes were derived,

was applied to the data set. By this means three separate activity
areas were isolated, and the specific activities which took place in

them discussed.

spatial ana'lysís of the rocks at the site yielded uncertain

results. Independent data on rock weights were tested, and these

tended to support an interpretation of a nonrandom distribution of

rocks. The linear arrangement of rocks, on the basis of the preceding

tests and comparisons of severaì possibly explanations, was 'interpreted

as the remains of a windbreak in urhich the rocks had served as an

anchoring device.
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The analyses point to ElMb-]0 having been a small campsite

whìch was occupied by a small group of hunter-gatherersi QUite

possibly by a single famiiy unìt. The length of occupation was

not long, judging by the lack of any large accumulation of campsite

debris. That the site was occup'ied during the warmer part of the

year is most 1ike1y when the onìy shelter necessary was a windbreak.

Activities at the site included butchering perhaps a s.ingle
'large mamnral. Apparent'ly hideworking and woodworking al so took

p'lace, and the inhabitants may have remained ìong enough to process

the hide or h'ides and prepare a suppiy of preserved meat. The

denticulate tool from Activity Area III may indicate some pìant

proces s'i ng .

Marginaì-recovery sites such as ErMb-10 probably comprìse the

majority of sites recorded in surveys, yet they comprìse a distinct
minority in the published literature because of the obstacles

they present in ana'lysis. it has been shown in this thesis that

the paired technique of cluster and nearest-neighbour anaiys.is has

great potential in analyzìng marginal-recovery sites and providing

insights into this rare'ly expìoited segment of the archaeoiogical

record.
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APPENDIX A

FLAKE ATTRIBUTE LIST

Introducti on

The codìng of the art'ifact attributes uras designed to allow the

data to be transferred to standard IBM punch cards for computer-

assisted analysis. A specified number of columns on each card was

set aside for the coded value of each attribute, jncluding such

information as was cons'idered necessary to aid jn the ident'ifjcat'ion

of the artifact and'its proven'ience. The site datum, for the use of

the computer, was relocated to the northwest corner of the block

excavation, and al I provenience of art'ifacts was recorded i,n relation

to that datum.

Specific detaììs regardìng the observations and measurements made

for each attribute are derived from t,lilmsen (1970).

Ident'if icat'ion Data

A. Col. 1-3 Data card number

B. Col. 4-B Artifact catalogue number

C. Col. 9-11 Provenience south of datum (in cm)

D. Col. l2-I5 Provenience east of datum (ìn cm)

D'iscrete Attributes and States

1. Col . 16 Stri k'ing pl atform:
I. present
2. absent
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2. Col . 77 L'ithìc ravv material :

0. indeterminate
1. Red Swan River Chert
2. Type I Swan Rìver Chert
3. Piebald Swan Rìver Chert
4. Cathead Chert and fine chert
5. quartzi te
6. granitic rocks
7. Coarse Swan River Chert
8. Yellow Swan River Chert
9. Type II Swan River Chert

3. Col . 18 Pl atform preparation:
0. indeterminate
i. not appì icabl e
2. lateral flake removal
3. transverse flake removal
4. multiple flake removal
5. abrasion
6. none (flat)

4. Col. 19 Crush'ing on dorsal surface at platform:
0. i ndetermi nate
i. not appl icabl e
2. present
3. absent

5. Col. 20 Lipping on ventral surface at platform:
0. i ndeterm'inate
1. not appl jcabl e
2. present
3. absent

6. Col . 2L Fl ake termination:
0. indeterminate
1. not appl icabl e
2. stepped
3. hi nged
4. feathered

7. Col. 22 Cortex on dorsal surface:
0 . i nd eterm'i na te
i. not appì icabl e
2. prìmary
3. secondary
4. none

B. Col. 23 Dorsal flake removal pattern:
0. indeterminate
1. not appì icabl e
2. unidirectional - ìongitudinal
3. transverse
4. bipolar- longitudinal
5. combinatìon
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9- Col. 24 Left lateral flake outline when viewed from dorsal
surface with the proxìma1 end at top:

0. i ndeterm'inate
1. not appl icabl e
?. irregul ar
3. expanding towards distal end
4. contracting towards distal end
5. stra'ight, para11el to medial axis
6. concave to medial axis
7. convex to medial ax'is

10. col. 25 Right lateral flake ouiline when viewed from
dorsal surface with the proxìmal end at top:

same val ues

11. Col . 26 Longitudinal cross-sectìon:
0. indeterminate
1. not app'l icabl e
2. fl at
3. incurving towards dorsal surface
4. outcurving towards ventral surface

Converted Metric Attributes and States

The metric attributes were originaliy recorded as raw data.

They were converted to discrete attributes in order to make them

compatible with the existing discrete attributes in the cluster anaìys'is.

This was done by determining the range of values for each attribute
and subdivìd'ing it into five to ten classes of equal ìength. The

number of classes into which each attribute was div'ided depended upon

the magnitude of the range. If it was ìarge, ten or so classes were

used; smaller ranges had only five or six classes.

L2- col . 49 Platform 'length; 
maximum d'imens'ion ventral to

dorsal:
0. not appiicable or missing value1. 1-5 rnm

2. 6-10 mm

3. 11-15 mm

4. 16-20 m'n

5. 2I-25 mn
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5013. Col

14. Col. 51

15. Col. 52

L6. Col. 53

17. Col . 54

Platform wìdth; maximum dimension left lateral
to right lateral:

0. not applicable or missing value1. 1-9 mm

2, i0-18 mm

3. 19-27 mn
4. 28-36 mm

5. 37-45 mm

Ang'le Alpha; formed by the striking platform and
the longitudina'l axis; dorsal or ventral aspect:0. not applicable or mjssing value1. 1-50

2. 5-100
3. 11-150
4. 16-200
5. 27-250

Angle Beta; formed by the strikjng platform and
the ventral plane of the flake; latera'l aspect:0. not appl icabl e or mi ss.ing val ue1. 10-190

2. 20-290
3. 30-390
4. 40-4go
5. 50-590
6. 60-690
7. 70-790
B. 80-890
9. 900

Maximum flake length; measured along the medial
axi s:

0. not appl icabl e or mi ssì ng val ue1. 2O-29 mm

2. 30-39 mm

3. 40-49 mm

4. 50-59 mm

5. 60-69 mm

6. 70-79 nn
7. 80-89 mm

B. 90-99 mm

9. 100-i09 mm

Thickness of the bul b of percuss.ion:
0. not appl icable or mjssing valuei. 3-6 mm

2. 7-10 mm

3. 11-14 mm

4. 15-18 mm

5. 19-22 mn
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18. 55

5619,

Col

Col

2r. Col. 58

Max'imum flake width; measured perpendicular to
the medial axis:

0. not appl icabl e or mi ssi ng value
1. 19-24 rnrn

2. 25-30 mm

3. 31-36 mm

4. 37-42 nn
5. 43-48 mm

6. 49-54 mm

Maximum flake width position; expressed as the
ratio of the distance from the p'latform to the
point of maximum width divided by the maximum
flake length:

0. not applicable or missing value
1. .25-.39
2. .40-.54
3. .55-.69
4. .70-.84
5. . 85-. 99

Maximum flake thickness:
0. not app'licable or missing value
1. 1-5 mm

2. 6-10 mm

3. 11-15 mm

4. 16-20 mm

5. 2I-25 nm
6. 26-30 mm

Maximum flake thickness position; expressed as the
ratio of the distance from the p'latform to the
point of maximum thickness dÍvided by the maximum
fl ake 1 ength:

0. not app'licabl e or mi ssi ng val ue
1. . 0i-. i1
2. .12-.22
3. .23-.33
4 . .34- .44
5. .45-.55
6. .56-.66
7. .67-.77
8. .78-.88
9. .89-. 99

57Col20.
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UTILIZATION ATTRIBUTE LIST

I ntroducti on

The data for the utilized flakes was coded for IBM punch cards

to be used in cluster and spatial anaìysis. Each attribute was assigned

a specific column or columns on the cards, Additional information

regarding the identity of each artjfact and its proven'ience was also

entered onto each card. The l'ist was prepared by the author (cf Haug 1976)

A.

B.

C.

D.

E.

Col. l-4

Col. 6-i0

Col. L5-77

Col. 19-22

Col. 24-25

Identification Data

Data Card number

Artifact catalogue number

Provenience south of datum ('in cm)

Provenience east of datum (in cm)

Excavation unit number

Discrete Attributes and States

Dorsal edge po1 i sh:
0. not app'l i cabl e
1. present
2. absent

Ventral edge poì'ish:
0, not appl icable
i. present
2. absent

Dorsal edge ni bbl'ing i ti ny use f I akes which have
been removed from working edge:

0. not appl icabl e
1. present
2. absent

40Col5.

476. Col

7. Col. 42
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438. Col

o Col. 44

Col

11. Col . 46

72. Col. 47

13. Col . 48

14. Col. 49

15. Col. 5i

Ventral edge n'ibbling:
0, not appl icabl e
1. present
2, absent

Dorsal lateral striations; microscopìc use
scratches parallel to working edge:

0. not appl icable
1. present
2. absent

Ventral lateral striations:
0. not appl jcable
1. present
2. absent

Dorsal transverse striations; mìcroscopic use
scratches perpendicular to working edge:

0. not appl ìcable
1. present
2, absent

Ventral transverse striations:
0. not appl icabl e
1. present
2. absent

Dorsal oblique striatjons; microscopìc use
scratches at an angle between about 10-800
to working edge:

0. not appl icabl e
1. present
2. absent

Ventral oblique striations:
0. not appl icable
1. present
2. absent

Dorsal retouch; pressure flakes removed from
edge as opposed to simple utilization:

0. not appl icable
1. present
2, absent

Ventral retouch:
0. not appl icable
1. present
2, absent

4510.

16. Col. 52
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18. Col. 57 Edge texture; appearance of
edge:

1, smooth
2. irregul ar
3. denticul ate

utilized or worked

Converted Metric Attributes and States

The fíve metric attributes were converted to discrete attributes
for use in cluster aná'lysis. This was accomplished by determ.in-ing

summary statistics for the raw data in each attribute and by plottìng

the raw values on histograms for each case. When the distrjbution was

clear'ly bimodal or multimodal categorization was establìshed by usi.ng

troughs in the dìstribution as div'iding points. In the more ambiguous

cases categorizatjon into three states was achieved by d.ivìding the

distribution one standard deviation above and below the mean value.

F'igures 31-35 document this procedure.

The categorization was executed by the cluster ana'lysis program

from the raw values entered on the data cards. The discrete values are

presented here, and Table 25 presents them as raw data.

1. Col . 27 -28 t^lorki ng edge I ength :

1. 7-19 mm

2. 20-36 mm

3 . 37 -54 rnm

2. Col. 30-32 Working edge shape index; measured as the ratjo
of edge iength to overal'l depth of the edge times
100; a positive value indicates a convex edge and
a negative value indìcates a concave edge:

1. -31 - -9
2. -8 - +23
3. +23 - +60
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3. Col. 34-35 Average angie of workìng edge; measured
perpendicular to edge:

1. 10-390
2. 40-650
3. 65-900

4. Col. 37-38 Maximum thickness of working edge; measured at
the posÍtion of the innermost edge of the flake
scars or at approximately 5 mm in cases of only
use wear:

1. 1-7 mm

2. B-13 mm

17. Col. 54-55 Maximum thickness of flake:
1. 3-5 mm

2. 6-12 mm

3. 13-18 mm



APPENDIX C

RESULTS OI CLUSTER ANALYSES B, E AND F

Clusten Analysis B

Attr^ibutes 2-21 were used for this analysis. They were compared

with the simîlarity aìgorithm:

^ A-D ') = Ã-:j +ZE-

which is derived from one given by Anderberg (I973: I23). This algorìthm

deletes nonrelevant or nonapplicable matches of attribute states 'D'

from the total number of matched attributes 'A' in both the numerator

and the denominator, and it assigns nonmatches 'B' twice the weight of

matches. This has the effect of stretchìng the similarity scale at its
lower end, thus slowing down clustering as the number of matches grows

smal I er.

The dendrogram for Run B'is depicted in Figure 8,, The rates of

merg'ing and Ft absorbtion are presented in Figures g-10. It is readily

apparent from an examination of the figures that Run B contains no

well-defined clusters. The rate of merges is quite smooth, startìng

off rather slowìy after the first grouping of items and then increasing

s1ow]y. The period of greatest merge act'ivity faì'ls roughìy between

Stages 11 and 20. The curve never really leve1s off, although it'is not

nearly so steep after Stage 20 or so. The absorbtion of FEs is some-

what more precipitous, exhibit'ing its greatest actìvity between Stages

9 and 17. It levels off after stage 20 and does not change from its
value of four unpaired ìtems until the end of the clustering process.
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In general, Run B does not exhibit any clearìy-defined clustering

in the data. It appears to consist of paìrs of items which slow'ly

absorb FEs over the ent'ire sim'i'larìty scale. Groups of clusters do not

form untìl relatively late in the process, and even then they are not

wel I separated.

The merge and absorbtion rate graphs 'indicate that most of the

clustering act'ivity took place in a rather smooth process, and that

it was essentially finished by the end of Stage 20, when S equaled

.183. This point may serve as a phenon. The result'ing taxonomy,

B.iB3, contains nine clusters, although four of these consist of only

free entities. Onìy two of the clusters, 8.183-1 and 8.183-5, contain

more than five entities.

Cluster Anaìysis t

For this analysis the following simìlarity algorithm was used on

Attributes 2-21:

^ A-D(--J-Ârñ
f\TÞ

The algorithm ìs derived from Coefficient Number 1 in Anderberg (tgll: i23)

It deletes nonapp'l'icab'le matches from the numerator but not from the

denominator. It produces in effect a measure of simi'larìty based on

the potential number of matches !A + B' betleen attributes in each

case, rather than on the number of app'licable attributes.

Run E exhibjts somewhat better separatìon of its clusters than

Run B, as may be seen in the dendrogram (Figure 11). Merges spanned

the similarity scale between about .70 and .74. The rate of merges'is

not considerably different than that of Run B (Figure 12). Like the
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other, merging of entities begìns slowly, with little change until about

Stage 5 or 6. The bulk of the merge activity takes place between

Stages 7 and 21, and then it levels off. The curve is rather smooth

and does not vary much from the stra'ighi. l'ine which would be expected

for a total'ly homogenous popul ation.

The curve of FE absorbtion (F'igure i3) fal'ìs away in a more dramatic

fashion than that of the merge rate, and in a rather staggered pattern.

Its perìod of greatest activity begins at Stage 5 and ends with Stage

16, when the curve flattens out at a value of five free entitjes.

The general pattern of the clustering seems to have been one of

alternat'ing between the absorbt'ion of several free entities followed

by the combining of clusters. None of the clusters are well separated

from each other, except perhaps between .25 and .2I on the similarity

scale, where only two large clusters exist along w'ith three free entities.

The choice of a phenon for Run E was d'ifficult. While the free

entity absorbt'ion rate indicated that âctivity had largeiy ceased after

Stage 16, the merge rate curve exhibited no dramat'ic or abrupt

flattening. Eventually it was decided to accept the lower boundary of

Stage 20, where S equals.257, as a phenon. The final c'lassification

at E.257 lncludes eight clusters. Only two of these, E.?57-1 and

E.257 -3, conta'in more than f ive enti ti es . Cl usters 5-B consi st of

free entities.

Cluster Ana'ìysis F

Attributes 2-21 were used in Run

similarity matrix they were submitted

For the computation of the

the similarity algorithm:

F.

to
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^ A_D )) = Ã--D-F-E-

which is presented as Coefficient Number 3'in Anderberg (tgZ¡:123).

It is also known as Jaccard's Coefficient. It is very sìmìlar to the

algorithm used in Run B, except that none of the matching classes were

weighted. it may be expected that the results of the analysis using

this algorithm would not be radically different than Run B. The major

difference l'ies in the lack of distortion of the sim'iìarity scale at

its lower end, such that clustering between B and F would differ more

and more as S decreases.

The dendrogram of Run F (Figure 14) exhibits somewhat better

resolution between clusters than the precedìng runs. The clustering

ranged between.Tl and.165 on the similarity scale.

The rate of merges (F'igure 15) is very smooth, and it d'isplays

much similarìty with the curves of Runs B and E. It beg'ins very s'low1y

unt'il about Stage 6, when ìt drops at a steeper rate until it reaches

Stage 21. It levels off for only a stage or two, and then finishes the

clusterìng in the last'three stages.

Free entit'ities are absorbed in Run F at a faster rate than in the

previous runs (F'igure i6). Absorbtion begìns at a rapid rate in Stage 1

and proceeds swiftìy until the end of Stage 17, when only four free

entities remain. The curve exhibits a definjte break at Stages i5-17

when it sh'ifts from rap'id to slowe a point at which alniost all the free

entities have been merged into one cluster or another.

The overall pattern of clustering'in Run F is rather sìmilar to

that of Run B. Both the rate of absorbtion and the rate of merges
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proceed smoothly with little or no sign of staggeririg ìn the curves.

Since the free absorbtion rates exceeds that of merges, the general

tendency of the clustering is first io absorb most of the free entities

with min'imal merging between the clusters, whjch is followed by a

decrease in absorbtion and a continued pattern of merging between

clusters. Th'is 1ag or gap between the termination of absorbt'ion and

merges between clusters accounts for the somewhat better resolut,ion

between the clusters in Run F as compared to the previous runs.

Clustering had essentially ended by the end of Stage 21, whìch

corresponded w'ith a rather well-defined separat'ion between the clusters.

This provìded a bas'is for a decision to use the lower boundary of

Stage 21 as a phenon for the partition. The taxonomy generated by

thìs phenon, F.25L, contains six clusters. Two of these, F.251-L and

F.25r-2, contain more than fìve items apìece, whìle the remain'ing four

cl usters cons'i st of f ree enti ti es .



APPENDIX D

RESULTS OF CLUSTER ANALYSIS ALPHA, BETA AND GAMMA

The three computer-assi sted cl uster ana'lyses of f I ake ut j I izat'ion

all used attributes 1-18. They also used the same similarity a'lgorithm:

^ A-D5=A-D+B

Variatjon between the runs was accomplished through the use of various

weightìng schemes for the attributes, wh'ich are detailed below.

Cl u ster Anal ys ì s A'l pha

No weighting was attempted for the 18 attributes on the first
run. Instead it was felt that subsequent runs mìght be weighted after

an examination of the results of Run Aipha.

The run itself resulted in a rather interestìng dendrogram

(Figure 17). In it clustering begins at an S value of 1.00 for the

merges of six items into three groups. The lower bound of the sjmilarity

scale is .41. A general tendency appears for clusters to merge and

remain wel'l-separated from others, while newer clusters (w'ith lower

merge values on the sìmilarity scale) are still forming. These tend

to col I apse upon themsel ves as nerrv cl usters joi n the ol der cl usters

and still newer ones form elsewhere.

The merge rate (Figure 18) descends in a rather smooth, concave

curve. It exhibits no steep drops or abrupt changes, and hence no

point at which the clustering procedure might be considered as ended.

The rate of free entity absorbtjon (Figure 19) dupììcates this pattern

to some extent, although two rather steep increases in activìty in

99
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Stages 3 and B are somewhat more magnified than in the merge rate

curve. Another difference appears after Stage 12 when no more free

entities are absorbed until Stage 23.

Since Stage 12 marks the end of the absorbtion of unpaired entìties

(except for four wh'ich are not absorbed until the end of the run), and

since l'ittle activity takes place in the merging of clusters after

that point, a phenon may be fixed at the end of Stage 12. The value of

S at the end of Stage 12 is .74I, so the partition'is designated

A1pha.74I. 12 clusters are formed by this partition. Four are composed

of single items, wh'ile on'ly two clusters contain more than fjve items.

Cluster Analysìs Beta

Six attrìbutes were given extra we'ight for this run. Attributes

1-3 and 18 were all assigned three times the normal weight, and Numbers

4 and 17 were given a double we'ight. These variables are all converted

metric attributes wìth the exception of Number 18. The attributes

which were not weighted a'l'l refer to use wear patterns. They are'in

effect assigned less weight because patterns such as striations or

pof ish may not a'lways be present (or observable) on a util'ized tool to

the extent that they might be expected on a more thoroughly-used

curated tool. Hence the attributes were often recorded as 'absent'

more often on some tools than might actually have been the case. This

would tend to weight the wear pattern variables in a negat'ive fashion

and dilute to some extent the effect of the other variables. The weights

have been assigned 'in an attempt. to offset any ìmbalance.
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The dendrogram generated for Beta shows somewhat better separat'ion

of clusters than Alpha (Fìgure 20). clustering begins at an s value

of 1.00 and ends at .4I. The pattern of clustering is clearer than in

A]pha, and the clusters do not seem to nest togetherin the same

serial fashion. This allows an easier interpretation and separation

of the results.

The merge rate of Beta (Fìgure 21)'is very smooth and uniform. It
curves concavely from stages 1 to 25 with no sharp changes in the rate,

which indicates that clustering took p'lace evenly throughout the entire
process.

The rate of free entity absorbtion (Figure 22) is somewhat more

dramatic. It drops steeply through stage b, and at a slightly slower

rate through stage 9. From that point it slows down, levelling off
from Stage 15 to 19 and tapering to zero from that point.

The merge and absorbtion rates do not make clear any particular

point at which to choose a phenon. However, a lengthy hiatus in

absorbtion occurs after.Stage 15, which is matched by a shorter one in

the merge rate. This would indicate at least a break in the data

structure which perhaps the program was not able to lucid]y define,

and it wíll serve to establish a phenon. The s value of the stage 15

phenon is .646. Nine clusters are isolated in Beta.646. S'ix of these

are free entiiies, and Clusters 1 and 2 both contain 10 or more items.

Cluster Analysìs Gamma

Attribute weights were sh'ifted once more for the third run.

Attributes 4, 17 and 18 were reduced to weights of 1, Attribute 1 was



r02

reduced to a weight of 2, and Attributes 2 and 3 retained weights of 3.

The Gamma clusters appear to be well-separated in the dendrogram

(Figure 23). The first merges occur at 1.00 on the similarity scale,

and the run terminates at .42. Four or five clusters appear by about

Stage 15, all of which are generally lvelì-separated from each other.

The majority of the entities fall into one large cluster by that poìnt,

and the rest coalesce into smaller clusters and free entitìes.

In generaì, the dendrogram presents a clearer, more eas'i1y interpretable

picture than the previous runs.

The merge rate (Figure 24) does not differ greatly from the prevìous

ones. It descends ìn a graduai, concave arc with no sharp changes.in

rate. The graph of the free entity absorbtions (Figure 25) presents

much the same picture. Entit'ies are absorbed quite swifily in the

first seven stages, after which activity tapers off to nil at the end

of Stage 16. The curve is very concave, with no real breaks in the rate.

The merge rate graph and the free entity absorbtion graph match

each other very well. This is indicative of a rather homogenous process

involving both the merging of clusters and the absorbt'ion of new members

takìng place simultaneously. The merge rate indicates no 'natural'
point at which to establish a phenon. However, the free entity

absorbt.'ion rate shows a lack of actìvity after stage 16. An earlier
poìnt would be advisable for a phenon, though, since the merge at

Stage 16 involves only the absorbtion of a free entity into a cluster

of three items. stage 15 marks the merge of two large, previously well-

separated clusters. However, the end of stage 14 might be a better

point in that two merges are compìeted, and the two clusters to be
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merged in Stage 15 are still weì'l-separated. The value of S at that
point is .674.

Ten clusters are generated by Gamma.674. Three contajn more than

five entities apiece: Gamma.674-1, Gamma .674_Z and Gamma.614_4. Fjve
of the clusters consist of free entities.
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Fìgure 1. Map of the Pine River Area
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Figure B. Dendrogram of Cluster Run B
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Figure 31. Histogram of Utilized Flake Edge Length
Values and Descriptive Statistics
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Figure 32. Histogram of Utilized Flake Edge Index
Values and Descriptive Statistics
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Lithjc Type UtÍ I ized Unuti I ized
Flakes Flakes

Indetermi nate

Red S.R. Chert

Type I S.R. Chert

Piebald S.R. Chert

Cathead Chert

Quartz i te

Granitic

Coarse S.R. Chert

Yel I ow Chert

Type I I S. R. Cher"t

Tota I

2

i
29

0

2

0

0

0

0

11

45

8

11

131

9

28

0

0

,16

10

47

262

Tabl e 3. Raw
and Unuti I ized

Counts of
Fl a kes

Lithic Types for Utilized
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Lithic Type Unuti I ized Uti l'ized
Fl akes Fl akes

I nd etermi nate

Red S.R. Chert

Type I S.R. Chert

Piebald S.R. Chert

Cathead Chert

Quartz'ite

Granitic

Coarse S.R. Chert

Yel I ow Chert

Type II S.R. Chert

Tota I

0

,)1
J.l-

4.2

50. 0

3.4

0

0

6.1

3.8

LB.7

100. 0

4.5

2.2

64.4

0

0

0

0

0

24.4

i00.0

Table 4. Relative-Percentages of Lithic Types
Uti I i zed and Unuti I ized Fl akes

for
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2 Szt

3 Sgt SsZ

4 S+i S+Z S+s
T+n- - TJ
r ugil¡

::::
n sn1 sn2 Sn3 Sn4 sn (n-1 )

1234n
Item

Tabte 5. Sample Similarity Matrix
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E.257 Cl usters

456 ôo Tota I

B. 183
C I usters

i
2

1J

4

5

6

7

ôo

9

Total

38O 2 0

0020
02 o 0

0 0 02
0 0100
0000
0000
0000
0000

0000 40

0000 2

0000 2

2 0 0 0 4

000010
i 000 1

0i001
0010 1

0001 I

62

Table 6. contingency Table for 8.257 and 8.183 clusters

382 142
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8.183 Clusters

345678 9 Tota I

F .257
Cl usters

i
2

3

4

5

6

Total

402 2

000
000
000
000
000

000
4100
001
000
000
000

00 44

00 14

00 1

00 1

1o 1

01 1

0

0

0

i

0

0

402 2 AT i0 1 62

Table 7. contingency Table for B.ig3 and F.zsr clusters
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E.?57 Clusters

3 4567 ô
CJ Tota I

F.25L
Cl usters

1

2

3

4

5

6

38Z 4 0 0 0 0

0 0 702 2 g 0

0000100
0000010
0000001
0000000

044
014
01
O1
01
1i

Total 38 2 14 2 6?

Table 8- contÍngency Table for E.zET and t.z5r clusters
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F.251 Clusters

1 not 1 Total

Attri bute
Sta tes

Attri bute
States

0,2 36

aô
J¿]

T2

6

4B

I4
A

Total 44 18 62

Total 44 1B

not 1 Total

Attri bute
States

Total 30 72 42

Table 9. Contingency Tables
Attribute 5 Combinations

not 1 Tota I

2B

34

62 X2 = 7.39

for F,25L Cluster and

2

0,3
B

226
22 12

2B

I4

?
5

3

226
B6

C
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F.251 Cl usters

1 not 1 Total

5,6 26 9 35
Attri bute 3
States not 18 I 27

5'6

XZ = 0.46

Total 44 iB 62

Table 10. Contingency Table for F.ZEI Cluster and
Attri bute 3
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F.25I Cl usters

1 not 1 Total

Attri bute
States

L

72
not

1

Tota I

37

7

44L
14 2t

XZ = 2l.BI A

1844 62

not 2 Total

2
Attri bute 12
States not

2

Tota I

Table 11. Contingency Tables
Attribute 12 Combinations

for F. ?57 Clusters and

10414
44448

624BT4
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F.25I Cl usters

1 not 1 Total

Attri bute
States

r,2
13

not
1,2

Tota I

40

4

545
13 17

621B44

Table 12. Contingency Table for
Attribute 13

t.25L Clusters and

F .25L Cl usters

1 not 1 Total

Attri bute
States

I'2
T6

not
1,2

Total

24327
?0 15 35

X2 = 7.34

for F.251 Clusters and

1844 62

Table 13. Contingency Table
Attribute 16
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t .251 Cl usters

I not 1 Total

1,2
Attribute 17
States not

1,2

Total

Table 14. Contingency Table of
Attribute 17

F.25I Clusters and

44650
OLzL2

621B44

F .25I Cl usters

1 not i Total

Attri bute
States

L,2
20

not
L,?

Total

3834i
61521

x2= 27.68

621844

Table 15. Contingency
Attribute 20

Table of F.25I Clusters and



752

Util ized Unutil ized Total
Fl akes Fl akes

1152944
F.25L
Clusters26B14

Total 21 37 58

X2 = 0.353

Tabl e 16. Contingency Tabl e of F.251 Cl usters, Uti I ized
Flakes and Unutilized Flakes
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Aì pha .741 C1 usters

4 5 6 7 B 9 101112Total

Gamma. 674
Cl usters

130 0 0,1
L2o o o 2

04000
10600
00010
00010
00000
00000
00000
00000

1

2

3

4

5

6

7

Õ

o

i0

00
02
00
01
20
00
00
00
00
00

L

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

00016
00016
000 4

000I
000 3

0001
0001
001 i
1001
010 1

Total 26 4 6 5?32

Table 17. Cont'ingency Table of Al pha,l4I and Gamma .674
Cl usters
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A1 pha .7 47 Cl u sters

2 3 5 6 7 B 9 101112 Toral

Beta.646
Cl usters

26 I0 0

006i
0001
0300
0000
0000
0000
0000
0000

i00
000
000
000
010
100
000
010
001

1

2

3

4

5

6

7

B

9

20
02
00
10
00
00
00
00
00

2

1

0

0

0

0

0

0

0

32

10

1

4

1

1

1

1

1

00
00
00
00
00
00
01
00
00

Total ?6 4 6 52
a
J

1J2

Table 18. contingency Table of Al pha.l4r and Beta.646
Cl us ters
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Gamma .674 Clusters

3456 89i0 Tota I

Beta.646
Cl usters

15151

000
000
013
000
100
000
000
000

1000
7 3 00
0010
0000
0001
0000
0000
0000
0000

1

2

3

4

5

6

7

o(J

9

00
00
00
00
00
00
10
01
00

0

0

0

0

0

0

0

0

1

32

10

1

4

1

1

1

1

1

Total 16 16 4 ôo

Table i9. Contingency Table of Gamma.674 and Beta.646
Cl usters

52
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Plate 1. Feature 1 (Scale is 25 cm, facing South)

Plate 2. Units to the West of
Northwest)

Unit 2 (Facing West-
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Plate 3. South Half of Unit 19 (Scale is 25 cm,
facing l,rlest)

Plate 4. South Half of Unit 9 (Sca1e is 25 cm, facing
South, Projectile Point is to Right of Scale)
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r67

Plate 5. The Rock Structure in Units 14,'15, 17 and 18
(Scale is 25 cm, facing Southwest)

Plate 6. Soil Profile on West t^lall of Unit L3 (facing West)
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A. Projectile Point from Jalor¡rica Collection

B. Projectile Point from Jalowica Collection

C. Projectile Point from Unit g (Cata'log Number 994)

D. Projectile Point from Unit 1 (Catalog Number B5A)

E. Scraper from Unit 1,4 (Catalog Number i4SA)

Plate Z. Artifacts from ElMb-10
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A. Core (I22A)

B. Reconstructed core (83A, 838, B3C, g3D)

C. Core (236A)

D. Reconstructed Core (604, 608, 60C)

E. Percussion Cone (1418)

Plate B. Cores and the Percussion Cone



169

'rNl



170

A. 57C

B. 577

c. 57GG

D. 133D

E. 86I, 868

F. 56l¡I

G. 578

H. 571

Plate 9. Complete Unutilized Flakes
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T7T

A. 654, 658

B. 568

c. 102Q

D. 58D

E. 914

F. 1048

G. t02I

H. 1i8A

I. 578

J. 143F

K. 5BB

L. IIaA

M. 2354

N. 2434

0. 102N

P. 143E

Plate 10. Complete Unutilized Flakes
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A. 964,

B. lOBD

C. 948

D. 61C

E. 1134

F. lOBN

G. 58I,

H. 108K

I. B3E

J. iOBG

K. 86F

L. 108J

M. 2454

Plate 11. Complete Unutilized Flakes

104C
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A. 56Q

B. 2404

c. 148E

D. 554

E. 1OBE

F. 234A

G. L42A

H. I23A

r. i14A

J. 148A

K. 56G

Plate 12. Incomplete Utilized Flakes
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A. 57S

B. 86D

c. 10BL

D. 58G

E. 14BD

F. 57J

G. 1348

H. 1394

I. 63H

J. 618

K. I2IA

Plate 13. Incompl ete Uti I ized Fl akes
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A. 544, 562

B. 57K, 57G

c. 56F

D. 534

E. 1114

F. 13BA

G. LOBZ, 1O8AA

H. 57X

I. i56A

J. 1094

Plate 14. Comp'lete Util ized Flakes
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A. 1494

B. \020

c. 14BK

D. 5BC

E. 57bI

F. 1104

G. t46A

H. 57DD

I. 57CC

J. I47A

K. 1374

Plate 15. Complete Util ized Flakes
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A. 978

B. 102R

c. 2444

D. 974

E. i43D

Plate 16. Core Fragment Hammerstones
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A. 64A

B. 1164

c. 674

D. 9OA

E. 66A

Plate 17. Hammerstones



.t
L7B ¡

I

tt;:ai:;



179

Plate 18. Feature 1 Detaii (Scale is 25 cm)

Pl ate 19. Feature 1 Detai'l (Scaì e is 2b cm)



17?



180

Plate 20. Feature 2 (Sca'le is 25 cm)

Plate 21. Deta'il of Rock Structure in Unit 14
(Scaìe is 25 cm, facing Southeast)
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