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ABSTRAC,
The Laglenest Portage Site (d1ternately referred to bv the

brieter Borden designation, HkPa 4). is a Targe site locateu in the

Birch Mountains reqion of northeastern Alberta. Ex‘ensive excavations
aimed at obtdaining a glimpse of the spatial structure of drtifact dis-
tributions on the site were carried out during the summer of 1976 .  An

assemblage domindted'by simple tlake tools and debitage was recove: d.
The site has been occupied over the last two millenia and comparisons
have been made with assemblages frbm the areas North and East of the
Birch Mountains.

Boreal forest sites like HkPa 4 often have no Cu]turai or natural
stratigraphy by which essentially synchronic components can be identi-
fied. When artifacts recovered indicateqconsiderabTe time depth-, as is
the case here, it is not valid to assume that an excavation sample will
yield a synchronic component. Fortunately, the horizontal relaticn-
shipéﬁbetween artifacts have characteristics ailowing some control over
temporal variability. The potential processes operative in the for-
mation of the archaeological record at HkPa 4 are considered in an
effort to segment artifact distributions into spatially discrete,
synchronic clusters believed to be generated by artifact manufacture,
use, and discard. It is clear that the archaeologist's impression of
prehistoric socio-economic activify is obscured by a number of other’
cult al and natural factors,
| Thé nétufe aﬁd significance of the spatial rrtterning of a-tifact
distributions are explc- by threé techniques: mean square b ~ck
analysis, order neighbour statistics, and density contouring. Resuits

indicate that finished artifact distributions are siénificaht}y aggre-

iv



qated, tending to ocour in groaps oot two to nine items. Artitact ten-
cities are low, and in view ot the contagious distributions demon-
ctrated., an atcemnt ic made to define spatial clusters of artifacts
Ly laster analysis. Spatial aesoc iation and correlation ig examined
amond-! the spatial clusters defined. Spatial klusters have at-
*ributes and these permit us to spe. ot different kinds of ciusters.

Because of inhesent difticulties Jach 5 synchronic/diachronic
cluster overlap, only about ‘wo-thirds of the lata recovered can be
submitted to complete analysis. For this data, it is possible to

T / .

5, #ak of basic synchronic artifact grouns. A larger samﬁle would make
possible a better understanding of temporal variability on unstrat-
ified Boreal forest sites. Results suggest that not all spatially di-
screte artifact clusters can be equated with tool kits from activity

areas and that lithic manufacture itself may be the most important

source of spatiaT patterning at HkPa 4.
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CHAPTER I
INTRODUCTION
HkPa 4 15 a Jarge unstra’ “ied site from the Boreal forest of
northern Alberta. [t was discovered dinring the course of a survey of
the Birch Mountain region conducted by Paul Donahue (1976) during the
sumner of 19750 At that time, artif-~ts were found eroding.from the top
of a cutbank along the edge of the stream on which it is located. Sub-
sequent testing (with fourteen 0.25 by 0.cu meter test pits) indicated
cthat the site\was comparatively rich, and 279 artifacts were recovered.
The excavatfon of HkPa 4 provided an excellent opportunity for the
recovery of data basic to the culture history of northeastern Alberta
while permitting glimpses of the spatial structure of artifact distribu-
tions on an extensivé, fairly flat site. During the summer of 1976, a
four persén crewvundertook intensive excavation of HkPa 4. The informa-
tion recovered at that time is used in the spatial analysis described
here. The location of ‘HkPa 4 and the study area appear in Figure 1.

Boreal forest Sites

The Boreal Forest archaeologist is frequently faced with the problem
of thin, veneci type siter 'ith .omparatively impoverished artifact assem-
blages. At the same tim- < il conditions prevent the preservation of
less durable remains. We are faced, therefore, with ruaimentary archaeo-
logical data from which the archaeo]ogisf must make inferences about
information he might ordinarily recover in other locations.

The central dilemma with the data that can be recovered is the strati-
grabhic compression of chronologically distinct artifact assemblages. Nor-

-mally, there is little vertical separation of compohents, making their

‘distinction on a site wide basis impractical.

>
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To date, the trend in preliminary studies has been to recognize
this problem, but ignore 1ts consequences. Morlan‘s (1974) nearest neigh-
bour analysis at the Gladstone Site and Minni's (1976) work at Black Lake
are among the all too tew attempts to assess the spatial aggregation of
artifacts in Boreal Forest sites. Wright (1972:1) assumes that small
and disturbed samples must be valid until disproven and that whole sites
may be treated generally as components with limited time depth. However,
human occupation of a <ite is often recurrent because of the geographic
and ecological reasons which made it a site in the first>p1ace, and such
assumptions .may not alwa,. e reasonable. Data of diachronic signific?nce
can be distorted if a site assemblage is treated as a sing]e.component
merely because it is assumed to be synchronous. In the case of HkPa 4,
a preliminary analysis suggested that significaht témpora] differences
existed; Thfs is borne out by the results of excavations. There are
countless sites like HkPa 4, yet the data they hold cannot be fully
exploited without the recognition of tempofa1 heterogeneity and‘somé
means of'asseséing it. As we‘sha11 see, the comparatively low density
of artifacts in Boreal Forest sites can be turned 1ntq a definite
advantage. |

'Difficqlties can‘be avoided, at least to some extent, by recognizfng
artifact distributions within the site as a significant data‘resource;
Spatial anéiy;is of artifact distributiOns'pfovides a means for resolving
a number Qf problems in component purity and synchroneity. The distri-’
bution map has been .an imbortant archaeological tool for many years, yvet

archaeologists have failed to cépita1ize upon intrasite distributional

data. In'Daniel's words,



The distribution map is one of the main instruments of archaeo-
Toqical research and exposition, but because it is a commonplace
of books and papers, do not let us forget what 1t 1s trying to
do--to accomplish and to demonstrate the totality of information
about some archaeological fact, to stud> the total evidence in
space regarding one aspe t of the material remains of the past
(Daniel 1962:80).

Often, analysis has p}oceeded by a visual inspection of distribu-
‘tional data followed by a subjective evaluation of the significance of
spatial patterning. However, archaeologists now héve at hand statisti-
cél1y objective methods for evaluating the nonrandomness of artifact

distributions ‘rvey pointed out:

[t ha: .hown that the ability of the map—user‘to discrimin-
ate and _.aluate the information contained in the map is not free
from subjective elements and that the more information contained

in a map the more ambiguity and uncertainty there is likely to be’
as regards the interpretation to be put upon it (Harvey 1969:377).

.

Statistical methods have the advantage of rigorously measuring nonrandom-
ness and can thereby allow objective consistency in defining artifact
clusters. Furthermore, these techniques are replicable.

Formation of the Archaeological Record

Clarke (1968:648) notes two fundaménta11y opposed views of archaéo—
logical data. AOn’the oné hand, archéeo]ogica1 materials can be seen as
formér]y playing an fntegra1 part in sociocultural entities, in "systems
in which the artifacts were elaborately networked". Con;omitantly, arch-
aeo]ogicalldata cannot be‘stﬁdied as an artificially discrete subsystaﬁ;
but rather, must‘be viewed in socjal and environmental con%ext. On the

other hand, archaeological data can be seen as static, divorced from 1ts

original pehavioral and environmental context. As such, it is best stud-

jed empirically as a ”material'phenomenon'with observable regularities”. -

There is 1ittle question that the first viewpoint has had great im-

pact upon recent trends in archaeo]ogy. [f technology is regarded as a.

I'e



critical intertac  between human societies and rhéir environments, a dyn-
amic interpretation of artifacts once "embedded" 1n a Soéiocu]turd] SYS-
tem can lead directly to an understanding of that system. Binford has
made some of the strongest aséertioﬁs supporting this position:
...the intimate svstematic articuTation of localities, facilities,
gnd tools with specific tasks performed by social segments results
in a structured set of spatial-formal relationships in the arch-
aeological record (Binford 1964:425). :
Or, more explicitly, ‘
The’]osg, breakage, and abandonment of implements and facilities
at different locations, where groups of variable structure per-
formed different tasks, leaves a "fossil" record of the actual
operation of an extinct society (ibid.).

That the archaeological record is spatially and formally structured
is hardly a contentious statement today. The interpretation of this
structure 1is another mafter, and justifiab1e»quéstions arise about Eﬁigh
éxtinct operational processes have become “fossilized". In their Moust-
erian studies, Binford and Binford (1966{241) express the sentiment that
"the structure and content of an archaeological assemblage is directly
related to the form,vnature, and spatial arrangement of human activities"
(emphasis mineS. The "specific tésks” ana "human activities" they refer:
to are divided into maihtenéggg_and extractive tasks, the former invol-
ving activities related primar%]y to thé natritional and technological
requirements of the group, whi]é the latter are:related to the direct
exb]oitation of environmental resources (Binford and Binford 1966:291).
Yet, héw confident can we be that the archaeo]ogicél record répresents
these activities accufate1y? Very simply, there is no particular reason
for confidence, and;recently Bfnfo}d (1973; 1976) reversed thisioriginaj

position and began an examination of the‘facEQrs leading to the formation

of the archaeological necord.



An analogy 15 appropriate.  The fntcrpretdtion of artifact assem-
blages 1s traught with much the sSame difficulties found 1n the interpret-
ation of pdleontplogical dssemblaggs. The study of the processes by
witich dassemblages of bones are modified, redistributed, and buried is.
ltermed taphonomy. As early as 1940, tfremov stressed the indissoluable
unity of both biological and geological points of view for integrating
the study of fossil beds (Dodson 1971:53). Death processes and geological
Lrocesses exert a strong influence on the fossil assemblage ultimately

recovered by the paleontologist. The taﬁhocoenosis, the set of fossil

traces buried in-a particular stratum, invarjably differs in qualitative
and quantitative composition from the living biota {biocoenosis) of the
area and time period trum which it came (Howell 1976:237). With fhe"
‘proviso that cultural tranu.crmacions become infinitely more complex,

it is clear that artifact assemblaqef' ot stand in a direct relation-
ship to the aétivity,areas and tou. s in which.archaeologists‘currently'

express such interest.

If paleoecological reconstructi.n of _ tinc. ecosystems must have

taphonomy as a preréquisite, "paleoanthropol _ recognize the diff-
erence between the archaeé]ogica] record anz piraisto. ~ocial activfty..
For example, in discussing the theory of spatic, anei":f in archaeology,
Whallon (1973a:117) argues that tool types wili be ¢~ distri-
buted at sites,'that'groups of tool types.wi]1>be muti . 0.
their distribution patterns, and that these groupé regre 7 'ially.

associated tool kits used in the same activities. Thiz -ou
true if all ongoing natural and cultural processes came tc -
halt. "Mutual correlation could just as well result fro che

accidental association of functionally unrelated artifac:cs in  :fu



i
i

a situation pdfalleling the th@pg}ppgppgﬁj}i(death assemblage) concept
(Shotwell 10553:379).

) Schiffeul(1976:12) of fers the principTe that archacological remains
are actually a distorted retlection of paét‘behaviora1 systems. At the
same time, ghese distortions may be regular, and systematic (not necess-
arily direcf)-relationships 1ikely exist between archaeological remains
and past c#1tures. Archaeological data share three basic properties:

1. They consist of materials in static spatial relationships.

2. hey have been output in one way or another from a cu]tura1
\ ?ystem
3. hey have been ‘subjected to the operat1on of non-cultural pro-

cesses (Schiffer 1976: 12)

Processe; active in the formation of the archaeological record are depic-
ted schematically in Figure 2. |

In view‘of‘recént trends in archaeo]ogical theory, the static nature
of the spatial relationships between artifacts cannot be overstressed.
The human processes that generate artifact distributions are irrevocably
lost, a s1tuat1on which Leach (1973:765) likens to the "black box" 1in
General Systems Theory. The second view proposed by Clarke is the ess-
ence of archaeological data. The first view he proposes 1is an optimal
géal only to be approximated when potential distortions in the data are
we11rghderstood and when strong 1ﬁferences from the data aré possible.

Schiffér‘s secohd‘pdint‘a1so bears emphasis  The last cultural
proceés cont;jbpting to the archaeological record is artifact disposal.
. The disposal procéss has two stages. Binford (1oc. cit.) directs his
attent1on to the f1rst stage: the attributes of the artifact and the
context of 1ts use determ1ne its availability for d1sca?d Technologies

in which tools are'eff1c1ent1y retalned and transported are termed cur-

ated. Technologies in which tools are easily and frequently diécarded
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subsequent o their use are terned expedient.  While ethnography suggests

that no recent technology an be characterized as wholly curative or ex-

pedient | it seeme clear that overall decisions about diccarding tools dir-

Y

ety atfect the composition ot the archaeological record.  In the ca

O caretal curation,
the archaeological vecord, s more properly considered a record
ot the organization ot entropy as opposed to the ‘'organization at
the onauing activity structure ot the group (Bintord 1973:242).

Unce an artitact has become axgi1able for the archaeological record,
cultural processes can fuuthvy transtorm its spatial relationship with
other rt{{acta. [t the discarded artifact i1s treated as refuse, the
potential exists tor tfurther modification of i1ts associations.and loca-
tion. Ltven 1f artifacts are not singled out as refuse. modification can
st111 occur through processes as simple as tramp1inq underfoot.

The noncultural processes to which artifacts are gubjected are of
the same quality (though seldom of the same scale) as those tHat fossil
bones may undergo during deposition. lVarious kinds of artifacts can be
Tost from the archaeological feéord through the action of biophysical
factors. Again, biophysical factors are capable of distorting spatial
relationships. Finally, archaeoiogica] recovery also affects the nature
of the archaeological record, occasionally in fashions less readily
grasped. Different sampling strategies (Chapter V) are a case in point.
Let us now consid: - processes relevant to the formation of the archaeo-
Togical record at HkPa 4, and the effect théy have ubon our u .anding

of the spatial structure of artifact distributions at that site.

“Hypotheses

1. The range of human activities which have taken place at HkPa 4,
from artifact manufacture and use thr-ugh discard and disposal,
have contributed to patterning and structure in artifact
distributions there.
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PThis hypothesis might be untrue 1t Site users practised fotal
curation.  However, as Whallon (1973a:118) suggests, 1t s alnost a
certarnty that no technology 1 wholly curative or expedient. 1t the
modern Nunamiut can be characterized as technological curators (Bintord
1976:338), 1 believe 1t 1s fair to say that a number ot investigators
{e.g., Honigmann 1046:%5ff_,h1; Spencer and Jennings, et al. 1965:1ub-
109) would concede the hallmart: of aboriginal Athapaskan technology to
have been sim; "icity, efficiency [not in recycling artifacts, but in
terms of the limited effort expended to achieve results), and expediency.
Hence, 1t is unliktely that artifact distributions will be random, and it
15 more reasonable to anticipate that structured human activity was

translated into structured spatial configurations in the spatial artifact

record obtained. Without attempting to evaluate the ceteris paribus

propositions Binford (1976:342-350) makes for expedient and curated

technologies, we have little récourse to information pertinent to this

"pic at HkPa 4. Nevertheless, the intensity of the spatial patferﬂing
irtifact types 1s a crude measure of expedience (Whaljonvl973a:118).

2. Natural processes of disturbance have had a minimal effect upon
horizontal artifact distribution.

Non-cultural processes have influenced the archaeological record at
HkPa 4 by subtracting some elements of data and by modifying the spatial
relationships of artifacts that do remain. Brunisolic andfbodzolic soi]sl
are typically acid. Under such conditions, bone, wood, and other perish-
abLe\artifacts are not preserved for any Tength‘of time. At the same
time,\gkgcesses of chemical weathering and trans]océtion are particularly
active and result in the light grey to white coloured Ae horizon. [ feel

that the texture and coloration of this eluvial horizon, in which the
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AU e o, 0T udt D accens . ot o the wite are wel | RIS
INOSURe dreds O the site, ol e marked By smootn nocicon Seandar 1o
stggesting Tittles rost heaving.  Yet, other areas of the site (notably

areas higher in clay contenty, some of which were escavated, display
undulating Ae-Bm horizon boundaries, and ‘rost heaving could he an
explanation for this phenomenon. If trost heavina Joes occur, | suggest
that 1t 15 important mainly in the vertical mo.ement of artifacts.

The second factor involves displacement through root growth. Where
young spruce stands are impenetrably dense, disturbance is expected. No
excavation areas involved modern vegetation cover of this type. Since
tongitudinal root grqwth centres on the apicél meristem, negligible
longitudinal displacement is expected (Keeton 1967:606—607). Artifact
disturbance would most likely by caused by circumferential root growth,
and Tt is unlikely that this would disrupt culturally nonrandom artifact
agaregates, altnough it is stratigraphically significant.

Finally, tree throw ¢0u1d transport artifacts some distance
horizcntally. Frequent tree throws generate a microrelief termed
"mound and pit" topography. In profile, this is typified by rejuvenated
scil horizons adjacen; to buried soil horizons. No clear evidence of
this type appeared during excavation. Spruce tree throws in the area
have overturned root systems on the order of 1-2%, meters in diameter.

On the basis of casual observation, no great quantity of soi1l appears
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SrITACT agareqates in legs depgely occupted areas eliminates the problem
ot stratiygranhae SIXAnG. It od more difficult to control tor fistur-
. . _ L,
bances where denser clusters of chronologically separated artifacts oco gr
SInce overlap 15 mare 1k Lo take place. FTurt: « rescarch into this
difficule problem would be welcome, although avenues of theoretical
exploration appear limited. In this regard., it should be noted that
l‘:) .

‘ et disturzdance, through human agencv, roots, .insects, or burrow-
NG animals is a difficult problem an any 119,

3. tp1sodes of human activity, including tool ranufacture, use,

and aiscard took place at spatially restr® tod loci at HkPa

»and Tt 3s this feature which will be re..ccted inoany
significant spatial structure observed in artifact distributions.

-

“he umption of restricted areas in which human activity takes

place is of the same type as that which Binford and Bir<ord made with

reference to Mousterian assemblages:
The minimal social processes and organizational principles
exhibited by human groups today were operative in the past
(Binford and Binford 1966:291).

The claim that human activity has a measure of discreteness finds

some contirmation in the early proxemics literature:
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materiay, ar
relate to tne Sspatilal naracteristios ihe luster, characteristics
such as dearee 0o° dispersion v type o' Spatial pattefﬂinq within the
cluster. Such Aftributes allow us o speak of “types’ of ciusters, and
permit specalation about formative processes.  tois ciear that clusters
need not Lensist edclusively af "activity sets” from lactivity areas”
by A ~onsideratior of finished artirécts 15 the nmost imp@rtant
step in ¢ssessing these under ving processes. :

niike debitaqge, finishec artiracts are relatec Hot ;fﬁply to the
~echnology of tool Droduétion‘ but 0 a variety of tasks. The relation-
sﬁip between finished artifacts and debitage 1s important, and will be
explored; however, cri<ical espects of artifact use can pe divorced from
the earlier stage 5>¢ manufacture. - In treating spatial natternirg, all
finished artifacts are considerecd at once. £ven 1f spatial clusters
represented onl; expedientl, oroduce. activit sets, more than one type
of finished artifact wouid likely be involved.

c!. The presence o° temporallv sensitive items in spatial ‘
artifact clusters "tags"” them chronolcyically.



The intent of this rescarch design 1s to segment the data recovered
trom boreal torest sites on the basis of horizontal distributions. In a
tashion, these segments can be viewed as synchronic building blocks of the.

artitact record onounstratitied sites.  This synchroneity cannot, of

course, be proven. But, when corroborating archaeological evidence can
n ’ )

be LitOd.TU; the temporal relatedness (similar depth, same raw material,
same use wear, logical sequence of use wear patterns, etc.) of artifacts,
Spatial assuciat{on becomes more than coincidental and synchroneity is
strongly suspected. When temporally sensitive artifacts such as projec-
tile ,oont< occur in a cluster, it is reasonable ﬁo assign associated

‘Litacts to a specific time range. . If .o sample were large enough, and
1f prujectile points showed no streng correlation with other finished
artifact types, it would be ti _oretically possible to identify temporally
defined components on un uns® atified site.

Analytical Framework

To operationalize this research design, it is useful to pose a
series of four questions. Tne initial set is:

1. Are the distributions of artifacts in excavation units random?

2 [f artifact dis* - ‘n excavation units are not random,’
now can we char ey e distributions?
i1 has been suggestec aan ac- ities in lithic artifact

manufacture, use, anc discard were not carric. out at faﬁdom and that
artifact diétributi will reflect this fact by exhibiting spatial
structure. The app11¢ation of statisticai techniques originating =n
nlant ecology and geography permits an objectfve evaluation of the
significance of patterning in artifact distributioné. At the same time,
these techniques provide detailed and quantified descriptive statements

about observed patterning. The initial demonstration of nonrandomness



is essent. . If an artifact distribution tests as random, then there
1S reason to believe that natural disturbance, cultural factors, or
sampling design are responsible for the absence ot significant pattérn—
mdg. A areat many interpretations of the archaeological record become
possible in such cases

3. It artifact distributions are signiticantly patterned in the

direction ot aggreqation (i.e., they are clustered or clumped),
can spatially discrete artifact clusters be seqregated?

Because finished artifact densities are Tow, because the horizontal
modification of artifact distrﬁbutions through natural processess is be-
lieved to gg minimal, and because it {s suspected that artifact disca~d
took p]éce\gt restricteﬁ loci, it should be possible to separate diécrete
spatial cTQstere on an objective basis. Taxometric procedures and |
methods derived from spatial analysis will be used in this regard.

4. If spatially discrete artifact clusters can be defined, are

artifact types differential]y associated in these clusters
and are there cluster "types"?

The spatial clusters themselves can be submiited to taxonomic
analysis in an effort to establish if different kinds of clusters exist
as discernible types in the data. Using t" spatial cluster as the.
unit of association, coefficients of simi... . cy canvbe calculated for
diffefent artifact types to assess the degree of association between
pzirs of artifacts.

- The success of this endeavour is limited by factors for which there
are no apparent solutions. The vertical movement of one or a few iso-
lated arfifacts, might ultimately result in the false association of |
some chronologically separated specimens within a single cluster. Sample

unit size could also influence results; the sample unit must be larger

than the scale of patterning anticipated or spatial analysis will reflect
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only the nature of the distribution within a ndnrandom‘aggregate.

Lastly, there are myriad microgeographica]'differences within a site,
such as variable wind, soil, vegétation, and drainage conditions, which
Tead to differential use of .-eas. The same féatures may also limit over-
all site utilization. s a result, there will be areas with different
artifact densitieé. At those 1ocation§70n the site where numerous
artifacts are discarded, and these areas need not be so much task oriented‘
as manufacturing oriented, the possibility of cluster overlap arises.
Overlap may be synchronic or diachronic in nature. Even if it fs
diachronic, the lack of stratigrdﬁhy prevents objective distinction
between temporally separated c]usters. Under these circumsfances,
cluster definition is mis]eéding unless there is a clear understénding
of the rather severe constraints involved. At the opposite extreme, '
an "activity area" can-be represented by a single artifact. Yet, single
artifact ac£iv1ty areas are hardly suitable for statistical ana]ysis.

In the fo]]oQing discussion, analysis is not continued when these
complications are suspected. Consequently, only a portion of the data

recovered can be subjected to rigorous study.



CHAPTER IT1.
NATURAL SETTING OF THL BIRCH MOUNTAIN AREA
Site Description -

HkPa 15" located in the BircthOHntaih Uplands of northeastern
Aberta and is situated on the north gidevof the confluence of drainéges
trom Eaglenest and Clear Lakes (see Fiqure 1). TQ@ site 1s fairly well
e]evated,Abeing situatedvon a terrace approximately 7 meters above a Smai1
stream. The locale. is well drained, but grades to boggy conditions on,
cither side and towards the back of the terrace. HkPa 4 is extensive
horizontally and testing during the two years of field work completed
suggesps dimensions an the order of 100 by 250 meters. The long axis of
the site extends along a shallow, narrow, and rocky stream contﬁnuing from
the sou .easterly arm of Eaglenest Lake (see Figure‘3).

Climatic Conditions and Physiography

The Birch Mountains, rising some 525 meters above the surrounding -
Towlands, constifute the remnants of Late Tertiéry Plains 'in this
province and are underlain by poorly consolidated Late Creta. .ous slates
and sandstones (Bayrock 1961:49-51). Eskers, kames, outwash plains, and

.g}ound_horaine are common throdghout the érea. Glacial fJQting and
hummocky disintegration morainé typify terrain in the vicinity of the
site. Ridges tangential to g]acigl fluting may derive from underlying
bedrnck, the éite being located on one of these features. Bayrock (QE:
c characterizes recent tills in the’area as brown, clayey, and non-
calcareous. - |

Van Waas (1974:4) has designated two majof physiographic regions:
the Birch Mountain Upland Plains, and the Céntral Birch Mountain‘

Depression. The major lakes in the area, including faglenest, Clear,
~ T
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Sandy, Big Island, Gardiner, and Namur, are 1ocated within this Depres-
siton. It is drained to the South by the E11s River and to the northeast
by creeks which eventually join the Birch River. The Central Birch
Mountian Depression is marked by gently to moderdtely rolling complex
topography. | .

The area lies within Longley's (1967:67) short cool summer climatic

subzone. Van Waas (1974;6) reports approximately 23 centimeters of yain-

fall for the May to Septembor period in fhe northeaétern area of the
Birch Moqntains. Killing frosts occur well into the month of June and .
the frost-free period is generally less than 60 days. Apparently the
large lakes in thevCentral_Depréssipn effeét a s]ight climatic-ameTiora—
tion. X |
Soils

'Grey LUviso]s predominate over the majority of the regidn, although
an estimated 30" of the area is covered by orgapic soils underlain by
permafrqst (Liﬁdsay et al 1961:37). Drainage on the éite itself is good
and soils are sandy in texture. The soTTS on.the,é1evatéd portion of

the site are almost exclusively Eluviated Dystric Brunisols having LFH,

Ae, and Bm or Btj horizons (Agriculture Canada 1976:44). In sdme areas -

of the sjte,'particﬁlarly areas with heavy ericad moss-lichen cover,
soils border on the Podz&]ic Order. Depressional areas surroﬁnd the site
on either side and here are found Rego Gleysols or Luvic Gleysols (Agri-
culture Canada~1976:68—695l 'TypicaT.soiT horizons afe presented in -
Figure 4. V _ ) - i

Brunisolic to fncipfent podzolic conditions fn soils &t the site
have two ramificatfons First, processes of chem1ca1 weather1ng and

trans]oCat1on make for rather poor preservat1on As a consequence,

19
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faunal remains at the site are very rare indeed. Second, the presence
of "a moderately well developed Ae horizon resulting from eluviation makes

it {mpossible, in my opinion, to speak of ash residues from a hearth.

The Birch Mountains fall within the mixedwood section (B. 18a) of

- the boreal forest (Rowe 1972:36). The characteristic forest association

of the well drained uplands includes trembiing aspen (Populus tremu-

loides), balsam poplar (P. balsamifera), white birch (Betula Eapyrifera),

white spruce (Picea glauca), and balsam fir (Abies balsamea). Jack
pine (Pinus banksiana) is dominant on sandy areas, enters into forest
composition on drier tills, and mixes with black spruce (Picea mariana)

on higher hills.. Poorly drained locations develop black spruce and

tamarack (lLarix laricina) muskeg (ibid).

White spruce (Picea glauca) predominates on the site itself, espec-

ially in frontal (water's edgé) areas of the terrace. Jack pine or aspen

are more common 20-30 meters farther back. A depressional area on the

' _Site is dominated by Betula glandulosa and young black spruce. Both

- species, along with Ledum groenlandicum, are common in low, boggy areas

at either side of the site. Ground cover consists largely of mosses and

lTichens, although erijcads such as Vaccinium vitis-idaea, V. myrtilloides,
and V. uligirosum can be numerous. The grassy embankment on the south-.

eastern portion of the site supports various‘species;of-Comgositae (such

21

as Sb1dago multiradiata and Achillea millefolium), RQsaceae'(Rosa wo0dsii

and Rubus strigosus), as well as species such as Cornus canadensis and

S

Epilobium latifoljum.:

Fauna

The Birch Mountains area supports a.diverse mammalian fauna includ-



mule deer (Odocoileus hemionus), woodland caribou (Rangifer tarandus
- osylvestris), and the woods bison x plains bison hybrid (Bison bison tison
x Bison _m;,s;é_rjf_arqub‘a»s_hc‘a_g) (AlTis0on 1973a:D1-04; Soper 1967:735-36).

Study indicates ffmt the Fort McMurray region is not a heavily used
waterfowl miqrdtion route 1n the autumn, and 1t 1s Tikely that the area
is not important as a Siaging or Festinq point (Syncrude Canada Limited
1973:19). \Amonq the several species of fish which natur 1ly invaded

the area with deglacia’ fon are lake whitefish (Coregonus clupeaformis),

lake trout (Salvelinus namaycush), Arctic grayling (Thymallus arcticus),

, norihérn pike (Lsox lucius), and wa]]eye’(Sﬁjg&gg@gU£n1 vitreum vitreum)
(Paetz 1973:B1-B2). | | .
Paleoenvironment

Bayrock (1961;49—50) speculates that the Birch Mountains became
exposed as a nunatak dufing the final retreat of w1sc6n85n ice. However,
a singlé rédiocarbon date of 8600 + 100 B.P. (S-116) obtained from peat
in contact with g]écia] fiT] (denoting first vegetative growth) in‘the
“Caribou Mountains raises the possibility that a combination of 1@£ftude
and elevation may have resulted in much_Tater'deg1aciation (McCallum and
Wittenberg 1962:74). Resolution of this problem has obviou§ implications
. for the.antiquity of human_och%ation in these uplands. |

With recession, Glacial Lake TyreT1 formed {Taylor 1960:173'175).
It flanked the Birch Mountains along the present day Peace ﬁiver valley
'fo the North and along the,Athabaéca River va]]ej to the South ahd,East.

There remains little work in the area concerning the reconstruction

of past enVironments.r Lichti-Fedorovich (1970) analyzed a section of



Timnic §ediment trom Lotty Lake, Alberta, dlso within the mixedwood sec-
tjon of the boreal forest. The basal orqaﬁic sediment was radiocarbon
dated at 11400 + 190 years, and Mount quamd ash 1s noted. She reports
tive pollen assemblage zones beqginning with o late P‘]eistéwyern> Pop "as-
Salix-Sheperdia-Artemisia assemblage. This is equated wifh a pioneer
torest and shrub community occupying the area tollowing deglaciation and -
1s succeeded by a Ejggg_a%semh]age believed to represent a pioneer. boreal
forest. It is fallowed by a tree birch dominated-assemb]age with some
poplar and Haze1. 51ight climatic amelioration continued to about
600N B.P. wnen a birch-alder-shrub assemb]age reached a maximum. A
Sprucé—birch»a1der assemblége followed and continued througﬁ,;o the
nresent. Similar results are reported from Alpen Siding Lake;ﬁﬂ1bertq
“chti-fedorovich 19?2). While there is some doubt about the heuristic
uL,{H}y‘of these assemblages, it does seem ciear thaf the modern combqfi_

tion of the boreal forest vegetation, the mixedwood section, has been \\\

estabtished since about 3500 B.P. (cf. Lichti—Fedorovich 1970).

N\

N



(CHAPTER T11.
MAN-LAND RELATIONSHIPS AND THE UTILIZATION OF HkPa 4
Ethnohistory

Archaeoloyical research in northeastern Alberta has not yet reached
a staqé dllowina the implementation of Steward's (1942:337) three phase
direct historical approach to archaeological data. However, HkPa 4 is
the richest site on thé taglenest-Clear Lake drainage system, and is :the
only site in the vicinity on which historic cabins were located. More-
over, as will be seen (Chapter IV), the great majority of diagndstic
items (in particular, side and éorner—notched projectile points equated
with ca. A.D. 800 to A.D. 1750 Late Taltheilei spécimens) fndicate occu-
pation during more recent periods. It is reasonable, theréfore, to
attach some significance tq the h%stofic inhabitants of the stqu area,
the Beaver Indians.

Jenness (1963:382-384) indicated that at about the middie of the
.eiéhteenth century, the Beaver Indians occupied the entire basin of the
Peace River below its junction with the Smokéy. This inc]uded the
district around Lake Claire and the valley of the Athabasca as far south
as the Clearwater and Methy-Portége. Moricé (1905:190) regaﬁded“t%e.
Eéaver, or Tsattiﬁe ('dwellers among the beavers'), as a subdivision of
the Sekani group (Hodge 1910:822) . -

The Cree were the maiof non-Athapaskan group_ihf1uencing the Beaver
prior to confact. in‘proto—historic and historic times, they made signi-
ficant inroads into Beaver. territory (Bryan 1969:37). Before 1760, the
Cree‘aéaﬁféed firearms through the fuf trade first and swept the BeaQer
fromithe va11éy of the Athabasca, confining them to the basin of the

. Peace (Jenness op. cit.). According to MacKenzie (Lamb 1970:250) this

24



caused the western Beaver to begin to displace the Sekani towards the
Rochy Mountaine.  The Slave of Lower Hay River and Upper liard River were
neighbours to the dorth while the Chipew in of Lake Athabascd were to the
fast.

A consideration of Beaver ethnohistory provides usetul archaeologital
insignts by suggesting avenues ot external influence. The Beaver appear
Lo have stood in close relationship to the Sekani, and Harmon (1911)
proposed that

The people who are now called the Sm-can-nies [ suspect, at no
Jdistant period. belonged to the tribe, called Bedver Indians,
who inhabit the lower part of Peace River; where they differ

but little from them in dialect, manners, customs, &c. Some
misunderstanding between the Sicannies and the rest of the tribe
t0 which thev formerly belonged. probably drove them from place
to place, up Peace River, until they were at length, obliged to
cross the Rocky Mountain {Harmon 1911:265).

Similarly, the more southerly Sarcee seem to be fairly closely re-
latea to the Beaver despite their position in the Blackfoot confederacy.
The Sarcee speak an Athabaskan dialect t]ose1y akin to the Beaver, and
both qroups have myths pertaining to their separation (Goddard 1916:209).

Donahue T(1975:13) arques for prehistoric interaction on an East-West

axis across the Rockies, and Beaver-Sekani proximity constitutes an hist-

.-

. A
Columbia is further confirmed by a-small flake of obsidian from north-

orical analogue ‘or relationships. Prehistoric contact with British

western British Co]umbia found at Pitchimi Léke, in the Caribou Mountains
(Donahue 1976:viii). A'sma11 flake of welded tuff from HkPa 4 has also
been positively identified, and Suggests more northerly contag;; The
nearest‘known source would be Keele River, N.W.T. (Cing-Mars 1973; Doﬁa—
hue 1976:63). Thus, while it is.reasonab1e to assume that the Beaver

Indians are likely the immediate prehistoric occupants of the study area,

the dynamic nature of historic and proto-historic interaction with groups



such s the free and tebant arques against extending this nypothesis
Pooany areat tame fepth

Man-Land Felationships

Seaver cultaral ecolog, romains enig L lic. nothe gocount Goddard
(1916) provides, the hdare wa. an important tood resource.  They were

ctten snared by owomen.  Small game species such as the hdre are suscep-
tible to population crashes, a tactor whipgh would periodically eliminate
‘Lhcm as o tood resource (Odym 1971:188-195).  Goddard {(1916:214) notes
such declines in local hare pupy)ations. The beaver provided a somewhat
more dependable food resource of ‘almost equal importance. Poles were
placed across the entrance nf the lodge, which was opened from above.‘

When Mackenzie * st journeyed up the Peace RjVﬂ‘.‘he noted large
herds of bison and é]k on nearby plains (iglg.). Apparent]y bison were
hunted sclely on a community basis. The importance of bison to the
Beaver Iﬂdians 15 unclear, and .oddard (jgig.) reports that "...the tipi
in former days was made of skins of the caribou or moose". There is no
mention of the use of buffalc skins for this purpose, as on the Plains
{ibid.,. Caribou were shot while swimming and may have been impounded
on frozen lakes. Bears were numerous. [t was the moose, however, which

"wa's the most estéemed game, and Goddard (1915:215) discusses at 1ength
the evenly matched contest between moose and hunter. 4 .

No details .07 a seasonai‘ruund are-suggested by Goddérd, although
some scheduling in resource exploitation is to be expected (see next
sectionj. Bandslare known to have resorted to fish lakes when game
failed (ibid.:216). Goddard (ibicd.) relates that fish lakes were nume

South and East of the Vermilion area of the Peace River while many lakes

and sloughs in the country iorth and West of the Peace River had no



cdibhle trskh. oawns were explotted by wernr burTdaing:

nothe spring when certain varieties ot tish were migrating,
walle f Stone were built out rom oach shore ot the smaller

Stream, converaing in the centre wiere o trap was placed made
ot poles olaced lenathwise of the stream.  The water tallings
Bectween che poceo Tefr the Sigh heipleas (abid. T N

~

Noq\pnnl1‘, anotne Uocupation ot Hhrao

At the autset, it muat be made clear that there s no cone bavive
evidence o a Strictty codanonal accupation ot HEPa 40 Hevertheless,
the topic of Segnonality can be explored in two ditterent cashiony:
reconstraction ot 4 plausible seasenal round based on modern ecological |
evidences and estranolation teor the limited evidence at the site pro-
vided by iithic raw matefia?x and the ﬁbs@npo of hearths or firepits.
’Sur¢0v\ hy Nonahue and Sims 1ndicate some correlation between annual

t1sh productivity of lakes in the Central Birch Mountain Depression and
the number and richness ot sites on those bodies of water (Donahue 1976:
115 “ims 1977-rvers. comm. . A preliminary biological survey by the

Alberta fish and Wwildlife Division indicates that Gardiner Lake has a

“ioh rpoerictivity o0 30,000 nounds per year, Big Istand Lake ¢ product-

.

Vity of lf‘EQt‘30unds, and Sandy Lake 8,750 ncunds oer year {Jurner 1968:
F3.100, 120, Unfortunately, this survey did nc  ieach taglenest Lake.
Cims !pers. conm. . has located a very rich site at the narrows of Gardin-
er lake (+-d 1y, and Donahue (1976:113) located ten otner sites on North
hardiner tate. One of these, HﬁPc 14, is sufficiently rich to merit fur-
ther a}teﬁtion. Sixteen sites were discovered on Big Istand Lake, and'
cne of these, Fjbc 4, is alsn @ rich site (ibid.). In contrast, Sandy

“Lake had 2ight archaeologica}ly poor sites (19ig.). Donahue's

1975 survey indicated ¢ high density (fifteen sites 1oéated) on the

faglenest Lake - Clear Lake drainage system, three - these *heing quite

<



rich.  taglenest and (leﬁr lakes were two of the smallest lakes examined
nothe course ot that survey, yet site density was highest there. Thus,
1L s not unreasonable to speculate that‘Edglenvst and Clear Lakes v
now i were at ane time quite productive, and that <ite location Ndy
Could the exploitation of ¢ fish resource be seasonal in nature?
Beaver Indians were known tu resort to tish lakes during the winter in
times of hardship (Goddard 1916:216) . Both lake whitéfish and lake
‘fruut spawn in shallow lake waters during the‘fall, and this fact could
br0vide éome seasonal orientation for the occupation of HkPa 4 (Scott -
ant Crossman 1971:222-223,271). However, the location of the site on a
ndarrow rocky stream between Etaglenest and Clear Lakes arques for an
alternative possibility. Spring runs of northern pike, greyling, and
walleye, could be‘effegtive]y exp1oited1by weir building at this_location
(Scott and Crossman 1971:302-303,357-359,770-771). Since late winter and
early spring can be regarded as 3 critical subsistence time for boreal
forest peoples, the ocﬁupation of HkPa 4 might be closely related to the
“exploitation of sorihg fish runs. |
Donahue (1976:128) has”dembnstratedﬂﬁhe different%a] utilization of
the B-rch Mountain and Caribou Mountain Uplands, in that the greater
density of sites in the forher area can be attributed to a more. favour-
able habitat. Woods bison represent an important additional element in
-
the prehistoric big-game popu1atibn. While bison do not appear to have
ranged into the Caribou Mountains, Soper (1941:363,3655 regafds the

~ . T . \\
Thickwood-Birch Mountains ‘sector as an earlier centre of abundance where

e
a small number of bison survived extinction during the period of extreme

herd.and range reduction in the'last century. It is likely that a slight-
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Iy more diverse large mammal community and ga q}qater abundance of big
game species contributed to the more intense prehlstorlc util “ion of
the Birch Mountain Uplands.

In the context of an uphﬂy% local seasonal movements of big game
species become influeﬁtia] in than dddpfive strategies. Soper (1967:48)
comments that bison, woodland caribou, and wapiti descend from highlands
for the winter. He has recognized two distinct seasona] movements of
woods bison ip Nood Buffalo Nationa] Park (Soper ]941 3%4) . With the
onset of winter, bison move out,of uplands to Tow]and‘grazing areas.

Herd sﬁ}é,lncreaﬂes at this tigz. With spring, herds move back into the
up]ands,iéradually dispersing as they go. Allison (1973b:M21) 1nd1cates
d somewnat more complex pattern of herd dggregation and dispersion dur1ng
movement between summer and winter ranges, a]though a tendency toward
larger herds in winter than in summer north of the Peace River is recog-
nized. Preliminary ev7dence for the Birch Mountains indicates that moose
also leave these ublands during the winter,.a]though wood]and’caribou do
not (Hauge 1977 :pers. comm. ). It appears that the big game resaurce on

| the up1ands would thus be maximized in the éqmmer and restricted during
the winter. Anp early spring occupation ihifia]ly directed at the exploi-
tation of fish spawns could mark the beginning of 3 big game hunting
summer phase of a sea. sna] round.

_}he presence of Beg,:+ ‘reek Quarry quartzite of HkPa 4 could pro-
vide critical information for the evaluation of seasonality. The Beaver
Creek Site ig Tocated in the Athabasca Va11ey, near fort McKay (Syncrude
Canada L1m1ted 1974) . Unfortunate]y, there appears to be no information
regarding the seasonal océupat%on of that site. If we could rule out

the POssibility of recovering nodules of Beaver Creek Quarry quartzite
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during the winter (due to snowfall), it would be hypothetically possible

to link the occupation of HkPa 4 to spring or summer periods]. This is

not a strong argument, however. The Beaver Creek Quarry i{ located on

an embanknent, and it is entirely poésib]e that winter snowRalls would
not effectively cover it for some period of the winter. In adaition,
Sims (pers. comm.) informs me that bluffs on the opposite shore of the
Athabasca exhibit vertical tfaces of Beaver Creek Quarry quartzite which
(presumably) would be available year round.

In summary, site Tocation and effective resource utf]izétion arng
for occupation beginning with spring fish runs. Occupation based on the
exploitation éf larger ungulates could extend into the summer. At the
same time, the high density of sites on the Eaglenest-Clear Lake drainage
may be related to their utilization as fish lakes during the winter. In

ei.her case, an emphasis on the exploitation of a fish resource seems

most likel, in the absence of concrete faunal evidence.



CHAPTER 1V.

SITE EXCAVATION, ARTIFACT DESCRIPTION, AND TEMPORAL-REGIONAL RELATIONSHIPS
[xcavation Procedures |

During the ten week field season and for a brief puriod in Sept-
ember, the four person crew opened the equivalent of 126 square meters.
'Two transects, 25 centimeters in width, and running back from the
water's nge, wére ‘excavated. Genera11y,'ind1vidua]s worked on four
meter segments of a transect.  All artifact coordinates were recorded
then éo that further excavation over a transect would not leavé a gap.
Two 4 by 4 meter units (Blocks A.and D) and two 4 by 8 meter units

(Blocks B and C) represent the bulk of the excavated area. Usually

these were quartered, with individuals each excavating a quadrant. This

allowed ° Timinary assessment of spatial patterning jh the field.
% - tr . 5, grapefruit knives, and brushes were employed. Caution
was exe: n excavation and backdirt was not screened. The over-

whelwwng majority of artifacts were found in the Ae horizon (éee Figure
4y, wItnwn 10 to 1€ centimeters of the ground surface., Every effort was
raﬁe”;o follow microtopoaraphy and natural soil.horizons in a sequence
of levels Qithin a square since arbifrary Tevels would distort the
épatiaW relationship between artifacts. Because artifacts occu; SO near
to the surface, aepth is affected markedly by microrelief. For this
reason, below datum meaéuremenfs ére not an absolute guide in efforts to
define spatial clusters described in Chépter VIII. This drawback could.
be overcome by making small topograph1c maps of mlcrore11ef w1th1n
squares. - Howeverf 1nterpret1ng the results of this procedure would

remain complicated, the additional information is misleading in terms of

accuracy, and the method is time consuming. Because research design
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emphasized horizontal distinctions between artifacts, it was not adopted.
Excavation proceeded to 35-40 centimeters below surface (with océasiona]
deeper test pits), at which depth the excavatjon unit was levelled.

The types of spatial analysis applied required the recording of co-
ordinates for all drtifactsp save 55311 retouch f]akesf These were re-
corded by ]eve1‘ot by concentration within a 1éve1. Records were kept
for individual meter squares within the block units. Small plastic coin
bags were usedvto béé each artifact separately. Every artifact recovered
(excludjng retouch flakes) can be associated with the exact coordinates

Tt was assigned.

Features and Radiocarbon Assay

Iwo of the three features recognized during excavation at HkPa 4 are
row régarded as natural phenomena of little arChaeo]ogica]icohsequence.
Thelthird, Feature =3,-consists of an irregu]af1y shaped segment‘bf Buried
5011‘horizon extending over the East central drea'of Block C. A horizon
sequence of LFH, tan coloured sand (probably representing a mixture of
several soil horizoné), buried organic horizon, Aeb, and me—Btjb horizons
‘waé noted. The buried Ae hérizon'dipped as low as 20 centimeters be Tow
surface and in areas.about Feature #3, rose up to meet the SUFrounding Ae
horizon. . The buried:Ae hprizon was a rosy hue which may be associated
With intense heating. While it ié conceivable that this feature might
‘represent ah isoiated segment of living f1obr, it more likely resulted
from a forest fire with subsequent sand filling of a microtopographic
depression.

Loca]ized concentrations of charcoa].f]ecks‘and’lymps occurred on the

surface of the buried organic horizon, and- these were sampled individually

for radiocarbon assay. It proved necessary to analyze only one of these
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samples (thereby avoiding any admixture)i 5.5 grams of charcoal from
Square 67 provided a date ot 1030 + 110 years B.P. (DIC-7"0, Irene Stehli,
pers. comm.). Following the correction table of Damon et. al. (1974), |
interpoldted dates (rounded to the nearest ‘decade) of 1020 + 165 years
B.F. or A.D. 930 + 165 years ére obtained.

The small sample size warrants caution in the -interpretation of this
date. Furthermore, despﬁte two laboratory microscopic pretreatments,
root hairs remdain a source of possible contamination. These, however,
would cause error in the direction of recentness. Therefore‘ A.D. 930 is
regarded as the minimum possible date for artifacts associated with Feat-
ure #3. Two side-notched projectile points were recovered from the sur-
face of .the buried organic horizon. .

Artifact Description

A total of 6,721 artifacts were recovered during the 1976 exca?ations
at HkPa 4. The assemblage was dominated by debitage, including bifaciaf
thinning. flakes, shatter, decortification flakes, and retouch flakes. Of
the total éssemblage, 3OO artifacts were termed ”fihished artifacts".
These are broadly defined as artifacts that have been modified by flaking
and retouch, or through\use wear. Fini;hed artifacts are subdivided into
gqross mofpho]og%ca1ly or technologically defined categories. Cores and
split pebbles were included as finisheq artifacts in order to permit-an
unbiased consideration of technological as we]i as stylistic and function-
al vériables in spatial analysis. A more detailed descriptioﬁ of artifacts
from HkPa 4 has é]ready beern made (Ives 1977), to which tHe reade? is re-
.ferPed. |
Lithics

_Raw 13&H1c materials at HkPa 4 were dominated by quartzites, with
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lesser percentafes of cherts, quartz, argillite, and sandstone. For a
spatial analysit, a finer breakdown of lithic types seemed desirable (see
Table 1). PeF?ographica]ly variable characteristics{such as colour or

inclusions can serve as important archaeological guides in relating

individual specimens to a particular technological event.

TABLE 1

'

fREQUENCY OF LITHIC CLASSES AT HkPa 4

Material B Number of Artifécts b
1. Quartzite | o o ae81 69.6
2. Bedvér Creek-Quérry Quartzite - 350 : 4.5
3. Black Chert . . - .t 191 2.8
4. Argillite | ' S 0 0.6
5. . Other Chert | ' o 402 6.0
6. Quartz. . 116 BW.
7. Sé]t and Pebpef Quartzite ' ’ ) - 55 : 0.8
&. Heat Treatea Quartzite - - - 708 | .10.5
§. Heat Treated Salt and Pepper Quartzite ‘ 82 | .f 1.2
10.»Sandstone ‘ - ' 3 ‘ 0;6
11. de Grédé duartzitel - R . 55“‘v o 0.8

Heat treatment can also serve to isolaté related items of flaking debris,
aTtthgh the inc]usidn‘of this category is not meant'to.iﬁb1y'deta11ed‘ex- -
' perjmentation;"However, tﬁe heating of clear Tight and:dark gfey, quért— - 
‘zites in an open. firepit resulted in demoﬁstfab]e changes.‘vHéatfng invred
hot'cda1§_for_a few minutes resﬁ1ted in dpacify. 'Pro]ongéd héafiﬁg'caﬁsed,"

clear siliceous grains td appear in an off-white matrix. Flakes-treated_b-:
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in this manner appeareto be more brittle. The Tustre and colouration of
several chert specimens also suggested'some degree of heating. It should
bhe borne‘in mind that forest fires might cause a significant percentege
of heat altered lithics. | |

Quartzite refers to the very common clear light and dark grey quart-
zites found throughout northern Alberta. "“Salt and pepper” quartzite is
virtually identical, except for the inclusion of numerous dark flecks
(possibly black chert). Low grade quartzite refers to coarse, 1e$5linten-
-seiy metamorphosed quartzites most frequentJy seen. in cobble tools and
- spalls.  As Donahue (197\:11 points»out, the presence of black ehert in
northern Alberta is often\yssocdjated with the Peaee River area. However,
black chert nodules are present in local ti]ls. Beaver Creek Quarry qUart—
zite is presently known or v from the Beaver Creek Quarry Site in the Atha-
basca River Va11ey. One small spec1men of we]ded tuff was recovered dur- ’
ing the 1975 test.excavations at HkPa 4. The nearest known source would
be Keele Rfver, N.W.T. (Donahue 1976:63). Finally, one fragment of ob-
sidiaﬁ was surface cq]]ected at HkPa 4 durind the 1976 field season. Re-
éQ]ts of a source analysis are not yet ava??ab]e. A specimen of obsidian
cé]]ectediat Pitchfﬁi Lake, Caribou Moﬁntains apparently comes from
northwesterh'Bﬁﬁtiéh Co]umbTa_(Donahue 1976:vi1i).

Core rejuvenation f]akes,idetdrtﬁfication'%1akes, retouch flakes, bi-
facial thinning flakes. fragﬁents or shatter, and a general category of
flakes are recogn1zed 1n the deb1tage Finished artifacts ére separated
‘1nto fourteen categor1es : Lanceolate, stemmed, side-notched, corner-not-
ched, and basa]]y flared projecfi]e points are represented. in'the‘assemb-

lage. There are 19 reasonably complete prOJect11e po1nts, a]though sever-

al t1ps and bases ‘were d1scovered dur1ng the two years of f1e1dwork



Thirteen ldrqor hifd(eﬁ jro noted, although most of these are fragmentary.
Al exh1b1t some degree of edye sinuosity with variable deqrees of finer
retouch. ‘

Unifaces arc well represented in the assemblage. These inc]udd 49
endscrapers, 7 sidescrapers, and 4 much 1érqer unifaces. Spurred, flahe,
pebble, and rectanquloid endscrapers dre present. In general, edge angles
arevrather,high, and na specimen has a distal wonking edge angle of less
than 45 degrees. Sidescrapers have consistent retouch which creates a

bevelled effect over a relatively lengthy edge. Although extensive anal-

¥51s has nat been undertaken, microscopic edge analysis 5uggest§ that some

specimens have been used in “hard" working (i.e., bone or wood), others in

v”Sdft” working (e.g., hides), while some may have been unused (John Brink,

pers. comm., based upon ongoing experimentafﬁon; persona] observation).
Retouched and uti]ized flakes account for 60 of the finished

artifacts recovered at HkPa 4. Tne 95 reﬁouched flakes have been classed

according to edge form: convex, straight, conaave irregular. OQOver

65 0f these were nanufactured on quartz1te f]akes with black chert

'(at 12°) heing the next most Dopu]ar raw material. Several specimens

~are rather large (over 50 mil) 1meters in length), have pronounced edge

'WEdF, and rounded polished dorsal ridges. Ut11ized flakes exhibited only

sTight, irrequ). - end discontinuous marginal retouch thought to have
been uninter icnal i nature, or,-evidenced either macroscopic or micro-

scopic sigr. 7 zhrision and rounding. Comparatively extensive use wear

| was not unconmon among utilized flakes as we11 Quartzite and black

chert again; dominated raw materials.

Fourteen cores were recovered and these range from virtually un-

“altered specimens to exhausted cores. Amorphous. multidirectional

e
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discoidal, and dngular unidirectional cores and core fragments are pres-
ent.  Split pebbles lack evideﬁce of bipolar percussion and appear fo
have been split oy hadvf1akes detached by an oblique blow. Three spe-
cimens are placed in this category. Bipolar split pebbles (14 specimens)
and debitage probably resulting ftrom pebble splitting are fairly common,
Jds are unifaces fashioned on split.cﬁert pebbles and retouched flakes
made on chert decortification flakes. Bipolar split pebbles are marked
by heavy battering and crush1ng at e1ther end, flake scars at opposite
ends of the specymen, double bulbs of percussion and heavy rings of
percussion. Other f1n1shed artifacts 1nc1uéed three hammerstones, .six
large cobhle tools, and seven spall tools.” The latter are chi-tho like
imp]eménfs.

Faunal remains are pakticu1§§1y rare ét HkPa 4 and this can‘11ke]y
be attributed to poor conditions of preservation. Tiny fragments of
burnt bone were recovered 1n_B]opks_A and B and somewhat larger fragments
of bone occurred in Blocks A and C. Unfortunately, remains were too |
fragmentary to permit Precise identifications. Scapular and ulnar bone
fragments in Block C are either moose or ejk.. Four specimens exhibit
rounded, bevelled edges and have been classed aé bone tools. Several
bone fragments appedr to have been cut.

There arevtﬁo cabins at HkPa 4 and severa] historic artifacts were
recovered. These included- a button buck]e, c]1nched round-headed nails,
rifle she]]s a repeat1ng rifle 1ever seed beads, miscellaneous bits of
glass, and tin can fragments Historic artifacts were not used in
spat1ai ana1y51s because they all’ appear to be comparat1ve]y recent.

The rifle 1ever was Tocated in Block B while the rema1nder of the his-

toric artifacts were restricted to B]ock A.



Regional and Temporal Relationships

HHkPa 4 seems to have been occupied over the last two millenia. A
géound lanceolate projectile point can be compared with Middle Talthei-
Ted specimens.  Gordon (1976:13) suagests a time range trom A.D. 150 to
ALD. 600 for simi]ar'specimens: Small stemmed projectile points from
HkPa 4 are simil toispecimens from Fisherman Lake and the central Uis-
trict ot Mackenzie. Noble (1977:112) dates stemmed Windy Puint Complex
specimens at-A.0. 300-500, while Millar's (1968) Mackenzie Complex 1%
dated at ca. 300 B.C. to A.D. 500. One basally rlared projectile point
19 tehiative]y compared with a Karpinsky Site specimen, «lthough that
assemblage is distinctive and is marked by much larger bifaces. 1. 1s

dated at A.D. 880 (Bryan and Conaty 1975:68). Two small side-notched

points were directly associated with Féature =3, dated at A.D. 930 + 165.

This is a reasonable date -for Late‘Talthei]ei side and corner-notched
points; Gordon {1976:17) sugqests dates from A.D. 800 - A.D. 1750 for
Léte Thaltheilei. Small side-notched points are also reported in the.
Spence River Zomplex (Millar 19368; Fedfrchuk'1970). Finally, four  spec-
imens are reminiscent of th-  r~ank Cnannel Complex. Noble (1971:114)
dates this at A.D. 1300-1500. a

The best rormal comparisgns for HkPa 4 materials lie with the Lake
Athabasca'area, the central District o% Mackenzie, and the Fishgrman
Lake ‘areas. Considerable emy- < has been placed upon the admixture of

characteristically Plains as op,. 2d to Boreal forest related artifacts

in northern Alberta prehistory. While specific Plains influences may be

substéntiated ultim =21y, present evidence for this is not convincing
‘(Ives 1977). For the purposes of spatial analysis, HkPa 4 has been

occupied for at least the last ZOOO years, and artifact distributions



are clearly not related to a single synchronic component. [t 1s possible

thdat groups with ditterent cultural attiliations--Plains or Boreal

Forest--utiliced the site contemporaneously or at dirttferent pOINts in

Bime, although this problem remains enigmatic.



SAMPL THG STRATEGY
Srchaeological Sampling
Sanp T ing Cfs g compromise hetween acadining an adequate represent-

ation of a sampling universe and not having to deal with that boay in

™ .
1ts entivety.  To gain the most accurate idea ot the properties of a
Cite o g sampiing universe), it should be excavated completely. As

in the present case, hOWQVQ}, practical Timitations in time and finun-
clal eapenditure often make this impossible. Thus, the investigator
nist determine the kind of data he wishes to recover and account for
the adequacy ot proposed {ecovery procedures with regard to project
qoals.

Tﬁe major thrust 1n recent archaeological sémp]inq has involved
randomﬁzinq, probabilistic techniques (cf. Binford 19645 Ragir 1967).
The vdlue of probabilistic sampling designs lies in the fesulting
dispersal uf small (such as one meter.square) sampling units. .This
increases the chahce'of discovering the range of variab® “tv character-
istiz of the artifacts at a site. Rapdém]y chosen sam, . Pt stat-
,fstica]1y objective estimates for densities of artifact poou?at1ons per
unit surface area of volume, size of artifact populations, ratios of
frequencies between items, percentages of subclasses and types, means
and distributions of metric attributes and so on (Asch 1975;181).= To
obtain a reliabie samp1e which can be Qsed for estimates of this type
a realistic samnie size must be set. The sheer, enormity of HkPa 4
{something on the order. of 251000 squaké meters)‘precluded attaining
objectives'of th%s type. Actual sampling intensity was well below one

N

percent.
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\dnqleng Fequivements in dell\i] Analysis

naddition, .concern tor the spatial structure ot ar L itact distry-

Lations antroduces further G fficaltres in sampling.  Asch (1a7i-170)
Toorrect e g that the adequacy o w sample ot calturd)
Satertale 0o related not only to the dtems themselves., hut to poparations
ot ospatiral rul&pjons?@ua between the iLwa as well.  The observat1pn ot
Statial struct o ovrequires large QLATU Credvation units. When
probabilistic selection procedures are tollowed in locating these large
unft@, grrmons standard ervors in opopulation estimates result since so
fow Can be completed (Asch 19.75:185) 0 Most pertinent to this study. the
ureater the dearee of contagion or agyregation which exists in the target
population, the greater sample error becomes. Obviously, the aims of
probebilistic sampling strategies (goncérngd primarily with éCcurate
population parameter estimates) conflipp with the requirements -
spatial analysis (concerned primarily with spatial relationships between
artitactsj, Ln1ess d rather large scale project is envisaged.

1 such a proiect were s03sible, HkPa 4 could be stratiried into a
seuence of Iehothy bands e%tendinu back from the stréém on which it is

ftuateaf. Larce excagation blocks., at a more satistactory sampling inten-

Sity (5-10 5., could be randomly placed within each band., Tﬁiskkou]d be
petentially intarmative in that envifonmenta1]y cérre]dteo strata could
be rangomiyv sampled and results compered. However, the large units re-
quired *or Soatia]'ana1ysiskénd tne low sampling intensity (resuiting
fromfprggtical>gohtingencﬁe5} made probabilistic sampling impractical.

Desoﬁte the recent emohasis on Drobabi1istic>samp]ing in archaeo-
logy. nqnbrobébilistic‘proceduhes remain important. Nonprpbabi1is¢1c'v

procedures offered two related advantages in this case. First, it



s

remained desirable to make the sample recovered as representative as

possiglo of both artifact types and artifact spatial organization at HkPa

4. It can be seen that if a mere four sample units were placed randomly
~at o the site, the sample obtained mi ver, well provide a poor picture
actual conditions. Instead,i¢y intent was to make the small number of

sampfing units as broadly 1nc1us{ve ot the range of conditions as possible
This purpoéive Strategy involved a second advantage, that of archaeo-
logical judgement. Experienced statiéticians seem to agree that
professional judgement is probably a better alternative to an extremely
small random sample (cf. Asch 1975:185). tExercising archaeological
Judgement permitted the D]acement of excavation blocks in areas with
predetermined characterist%cs. These characteristics included different
artifact densities, different ratios of finished artifacts, and different
locations on the site. Locations were selected with the aid of transects.
Transects cén previde aacta concerning disﬁribution, density, and sequenc-
ing from reference pn{nts (such_qs water's edge) of artifact coq;entra—
tions. In terms of an archaeo]o@ica1 site, since a trgnéect plot will
crosscut mofe areas of a site tHan a quadrat of eqda] size, it yie]ds
more information abaut the spectrum of conditions at the;sife. |

The sampling strategy used is statistically biased. For examp]e,;an
estimate of the number of artifacts on the site from the.samp1e“05tained
would not be . obabi]istica]]y Qé]id In spite of this, nonprobab1T1st1c
procedures were fo]]owed because they allowed for. archaeo]ob1ca1 Judge—
ment in ‘s u1r1ng a £otentially more representativg‘samp]e than might
be the case with a sma11 random sample. . Atwthéagame time, this a]]owed
‘an active interplay in the f1e]d betweeH the da*a recovered and samp11ng

design. In summary, th1s was accomp11shed by:

_‘f



L. lTocating sampling units in areas where known artifact o
concentrations have bee rtained, thereby
Joo Selecting more represe tativég if biased, samples when

only a low percentaqgelof un1b§tuan be excavated, and at
the same time, ‘
3. Increasing the collecting efficien v for rare 1tems(cf. the
- scheme suqgested by Asch 1975:191).
This strategy served the dual purpose of collecting adequate baseline
data within a framework suitable for spatial analysis.
To reiterate, the emphasis in sampling design is not on randomizing
techniques permitting the evaluation of artifact éébuﬁﬁtion parameters
on the site, but on nonprobabilistic sampling with a view to the

analysis of the spatial relationships existing between aitifacts and

artifact aggregates. In considering the results of spatial analysis

presented 1ater, the reader must bear in mind that samp]ing intensity was

Tow and that sampling units were not positioned randomly.  Nevertheless,
it is hoped that the “iethods described below and the decisions made in .
pos1t1on1ng excavation units provide a representat1ve picture of the

spat1a1 organ1zat1on of artifact distributions at HkPa 4.
Sample Units

A two phase excavatiop,sfﬁétégy'was implemented. Transect§ were
‘used in an effort to locate artifact concentrations.. Transect I was 50
meters’in_length, while Transect I1I was 76 meters 15 length. Timé has
not permitted the consideraton of all the types o% data recovered from

the two transects completed. However, transects are an efficient means

of assessing site extent and coﬁtent whi’ . "-ating areas with high
potential for excavation. Their use g ‘ve tool deserves more
attention from archaeclogists. As poi- - Shad ~2ir3 arti-
fact coordinateslwithin transects allows larger un.. .. ve: :  tran-
sects without consequent loss of data. Figure 5 si- s .= ;;’Jnsro%
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Iransects | dhd I'l associated with Blocks B, C, and D.

TranseLts themselves are not well suited to the analysis of arti--
fact association, 4 topic of obvious concern to the archaeologist. For
this reason, larger block units were excavated (see Figure 3). Mean
square bldék analysis, to be applfed later, required that excavation
blocks be either rectargular or square, with the iength of a side Leing
some power of two. Blocks A and D are 4 by 4 meters and Blocks B and C
are 4 by 8 meters. Information from trgnsects was used in making the
placement of thése units as reprégentativekas possible. On the basis
of 1975 test data, Block A was located in an-area of high density; 2609
artifacts Qere recovered, ana of these, 82 were finished aftifacts.
BlocL,@ was located in an area of moderate density where 42 finished
artifacts and a total of 756 artifacts of all types were recovered.

B]ocﬁ C was placed in anothe density area and Xié]ded 2112 artifacts
with 89 finiéhed artifacts. .. . D was situated in an_areé of Tow denf
sity, although there was one area of high concentration (345 artifacts
in.sguarej93)3 89 finished artifacts and 535 artifacts a?%ogether were
recoveréd. Blocks A and B were at the southeast end of che site and
B1ocks C and D “eré at the northwest end of the site. F1na1]y, 81ocks

A and D are located near water s edge, while Blocks B and ¢ are farther
back and at r1ghF‘ elevation. |

Ana]ys1s revea]s swgn1f1canL patterning within units of this size,
but 1t should be pointed out that excavat1ons of this size w111 only -allow
detection ot -ratial patterning,at a comparatively small scale Inform--

ation on the spatial var1ab111ty of art1fact distributions over broader

areas of the site could on]y be obta1ned with very large excavation units,



CHAPTER VI.
SPATIAL ANALYSIS

Distributions |

In considering the disper ion of items in space (be they sessile
organisms Such;as plants or inanimate objects such as artifacts or geo-
grapnica1 locations), three kinds of distribution can arise (Kershaw 1973:
128). A random distribution refers to the situation in which the location
of each item is independent of the location of other items. That is, the
pbsitionjng of an item is not predictable. Dietributions depart from
randomness when: |

1. Individual items tend to be clumped together.

2. Individual items tend to.be regu1ar1y spaced.

In the first case, quédrat samp]ing is marked by both 1arge’numbers
of empty quadrats and.quadrats conta1n1ng a 1arge number of 1nd1v1dua]s
In the second case, quadrats all contain an 1ntermed1ate number of indiv-

iduals (ibid.). Maximum c]Umping occurs When all 1nd1v1dua1s occur at

one locus. Maximum uniformity is attained when 1ndivﬁduals are‘regu1;r]y
spaced in-a heXagonal‘pattern.r These'extremes in diépersion are best

referred**o as contegion or aggregation in the case of c]umpfng, as oppo-

sed to regu1ar141 or un1form1§xr1n d1str1but1ons (GreiQASmith 1964:60-61;

Kershaw 1973 128)
ﬁ Spatial ana]ys1s 1nvo1ves the use of stat1st1ca1 methods to assess
the nature and s1gn1f1cance'of departures.from randomness in distributions.
The null hypothesis in suchbetudies is that the popu]atibn is randomly
dispersed If the densftybof the population is known,.if’is possib]e to
derive an expected va]ue for the sampling stat1st1c under the hypothes1s

of randomness. - This usua11y takes the form of an expected number of ind-.
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ividuals per grid unit or an expected distance to a neighbouring item.
When density is'considerably less than the maximum possible‘density, fre-
quently the case in plant ecology and invariably the case in archaeology,
the significance of departures from randomness are best tested against
the Poisson distribution, the distribution used to determine the probab-
ility of occurrences per unit area (cf. Greig-Smith 1964:57-58; Harnett
1975:146). It shog]d'be pointed out that although the pattern of distri-
butiqn Or a popule’ion is a real characteristic of that population, the
demonstration of nonrandomness in a particu]ar set of samples is not an
absolute characteristic. Nonrandomness, like frequency of occUrrehce;
depends upen-the size and the shape.of the sampling unit in use (Greig-
Smith 1964:86) . |

[f the distribution of items in a p0pu1at1on is demonstrably nonran-
dom in the direction of aggregat1on, 1t 1s desirable to speak of the
'gatgze_of the distribution. Several . terms can be app11ed in this context
{cf. Pielou, 1969:118). The 1ntens1tx of a spatial patterning means the
extent to which dens1ty var1es from place to p]ace in the distribution.
The grain or sca]e of a pattern rema1ns 1ndependent of its intensity. In
an aggregated d1str1but1on where the clumps or patches of higher density
ahe ]arge in ahea-and widely spaced, the pattern is coarse-grained; a
pattern is fine-grained when the total range of different dens1t1es occurs

w1th1n a small area. F1na11y,_a dichotomy between s1mp]e and complex

pattern1ng can be drawn A simple pattern of contag1on would involve
aggregates’ of nonrandom]y dispersed individuals. A.comp]ex pattern of
distribution would involve pattern1ng in the d1str1but1on of aggregates
themselves (e.g., contagious or regular aggregates) Broadly, the latter

situation is encompassed by the generalized and_tompound'distributions



which Pielnu (1969:83-89) describes.
Pielou (1969:80) notes the exisﬁence of "wholly different setups“-
for the distribution of ordaniéms in space. While plants allow much V
greater opportunity for spatial analysis than do motile organisms, sev-
eral probTems vemain. Plant communities are large and complex enough that
the.recording of all locations. of individuals is often ﬁot.feasib1e.
the same time, not a]i species are typffied by.easily dgfined individuais.
Aspen cloning is a case %n point.' Then too, the bulk of an individual
plant canvcause difficulty in assignihg'precise coordinates and in the
choice of an appfopriate random distribution model for testing. Use of
~ the Poisson. series requires that the density of items be well below maxi-
QO possible density (Gfeig-Smith 1964:57). |
Arcﬁaeoiogital data is better suited to spatia] analysis. Arti-
facts are discrete entities which are easily recognized. There are few
circumstances 1H which the represenfétiOn of an artffact by a point in N
space is noﬁ perfectly adéquate and concepts such as;basa1 width or cir-

2

cumference to circumference (versus center to center) distance are not

necessary to locate an artifagﬁ accuréte]y. This is particularly true
of the small Tithic items making up the artifact record at HkPa 4. Larger
cobbles and bohes aré rare or -absent.
' Methbds
| .Mean Square Block Ana%jsis_
TQo basic approéches can be ddopted in the study of point patterns
in space.‘ On one hana, raw data takes the form of crﬁnts pe. grid unit,

and on the other hand, we consider the distance from an individual or a

point to its nearest neighbour or to its closest individual (Clark and

.
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Evans 1954; Morisita 1954). Mean square block analysis, also referred
to as the “dimensional analysis of .variance" or the "analysis of a con-
tiguous grid of quadrats and the detection df péttern“, works on the
ba;is of counts per grid unit (e.g., Thompson 1958).
‘.Greig—Smith-(]964:54-93) and Kershaw (1973:128-144) summarize the
apb]ication of quadrat statistics. A mean number of individuals per grid
unit is calculated from known density. .Variance (from .the mean) in quad-
rats is then calculated. Under the Poisson distributfon, the variance
equals the mean. In a random population, the variance/mean ratio is.
expected po equal unity. Signﬁffcance of departure of the observecfV
variqnce/mean ratic from the expected variance/mean ratio can be assessed
by a E;tesf_or by chi—shuare goodness of fit. It has been demonstrated,
'howeVer, that both the size (Skellam 1952) and the shape (C]apham\]932)
of the quadrét’can iﬁf]uence density counts and hénce, vafiénce/mean
ratios. - It is hecessary to make use of ‘different quadrat sizes to
accurately detect nbnrandomness in a.distribution,cobvious1y a time
consuming endeavour.

Mean squafe block analysis is a 1ogica1voutgrowth of this prob]eﬁ of -
quadrat éize (see Thompson 1958;1Greig—5mﬁth 1964:88—93; Kefshaw 1973:
138—144; Whallon 1973b). In this case, a cbntiguous grid of T quadrats
is laid bdtl Each ;ide of this grid must.be somé power of 2 in length.
The number of points in each quadrat (uftimate grid unit) is theﬁ counted.
Analysis proceeds by thessuccessive doubling of original quadrats into
‘obtong followed by square blocks. (These "blocks" are not to be confused
with whole excavation units such as ”Block\AW. éxcavation units will
always éppear in upper caée.) Sums of squares for each b]ock size oF J

quadréﬁé are calculated according to the formula (Thompson 1958:326):



1 , 2
S, = 2 (B, .
117 1(1))
1=1 :
whore [ Y iw the number of points in the ith plock ot j quadrats,
. - )
and the values of B are summed over all such blocks. 1 is the total

number ot quadrats in the grid. The “mean square between blocks" (M)

can then be calculated:

A inean square/mean ratio is obtained by dividing the’meén square by
the.mean number of 1t¢ms per block at that block size. Meanlsquares or
mean squa{%/mean ratios can be displayed grdphica}1y. As block size
approaches the size of any actué] concentratipns,ﬁthere is a greater
tendency for concentratiohs to fall enti%e]y wﬁthin blocks, thug incréas—

ing the value of Mj‘ Therefore, grapk peaks represent the block size at

«

which spatial concentratioh occurs.. It can be seen that.this method allows -

é'con;eptua1ization of ‘the séa]e or grain of a'patternl

Assessing the sithffcanCe of peaks is~difffcu1f. Tesfing the signi-
ficance of mean squares at 1argef bTockasizes against smaller b]ogk sizes
(say, block size 1) by a variancg ratio (F) test cannot be justifiéﬁ\\\\
statistically. The F test requires the assumption that quadrat freqqen N

cies are normally and independent]y distributed, an assumption that js

violated if.items.are aggregated in spaée-(Thompson*1958:326). In plant



]

ecology, Greiq~5m1th‘(1961:69R);5ugqests relying upon consistency of

“peaks 1n a series of observations as evidence of ecological significance.
At HKkPa 4. only tour samp1e units are involved. As an alternative, peaks
can be assessed for statistical significance by plofting uppér and Tower

éignificance bands for the mean square/mean ratio graph (Thompson 1958:

AN

327 Hreiq—imith 1961:6§8f399). High mean square/mean ratios peaking
above the upper signifiaégze band indicate aggregation while low mean
square)mean-ratios falling below the lower Significance band indicate
uniformity.
Nearest Neighbour Analysis
Clark and tvans (1954) despribed a plotless method that requires
coordinates for each individual. The basic data consists of distances
from each item to the item nearest it, its ”nea;est neighbbur“. [t is
possible to compare observed nearest neighbour distances with_expected
"nearest neigthur distances and test for statistically significant'

departures from expected values.

Density is given by

'd :-D_
a

where n represents the number QE)items and a the area of.the unit of

anajyéis. The average‘obéerved distance from each item to its nearest

neighbour .is n

r_ = 0
0

i
i=1
n

where r. is the nearest neighbour distance. Clark and Evans (loc. cit.)

demonstrate that the éxpected average nearest neighbour distance in a



random distribution is

In an ideally randon pattern, the ratio of the observed to the

expected riearest neighbour distances (R),

rTO
R= - :
r a
e :

is ane. The value of R approaches zero as theviimft

2 )
o )
2l pattern.”
S

aggregated distribution and equals 2.1491 in a unifbnh7éexagoﬁ
» ?

Since R has an expected value with an upper and lower limit, it is pos-
sible to assess the statistical significance of departure: from unity.

Clark and Evans (jbid!)_accomp]ished this by using the standard normal

variate:

where = {s the standard erEor of the mean for the distances to nearest
neighbo%f;.in a population of randomly dis’ributed items offthe same den—/
“sityTas gﬁélobserved population. This application reguires the assumption
that the distribution of nearest neighbour distances is normal and would
be_val{d only with large samples. In practice;'the C statistic appears
highly susceptible to a few extremej&istances. To avoid these difficul-
ties, nearest neighbour statfstics are usUa]1y teéted against the chi-
square distribution (cf. Thompson 1956:393—394;‘Pie100'1959:608—609;
Whallon 1974:19-21). |

These statistics are based on the Poisson distribution. Poisson
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probabilitics are determined by the mean number ot items per unit darea.

Normally square units of area are converted into circles so that the
statistice derived are related to distances radidting from an item.

Comversion s made with the factor
>\ 1 d

Chi-square is thnen defived as

\ o}
X2 =7 ?\) Y 1L
1=1
<
2 . K » . '
where P rest neighbour distance squared. Here, chi-square

is distributes - 2n degrees of freedom. When n is a moderate value
(greate% than 30, say) it is impractical to read values from a table.-

Chi-square is easily converted to a standard normal deviate:

s - /o - for

,\v
where F is the degrees of freedom. The standard normal deviate can be

evaluated with normal curve tables. Usually, however, it is the chi-

i

square normal approximataay velow, for which confidence intervals

are calcu]atéd:

The, ave defined as

H.

Cl -
2n

The Wilson—Hi1férty approxim. .r .ovides for slightly more accuracy
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(cf. Dacev 1963:508).

A , -3
oo F . 2 "
S t/igJ

[n swmwnary, R ovalues that ard 1c;ﬂ'than one indicate a departurc
from randomness in the direction of aggregation=-nearest neighbour dis-
tances are smaller than expected under the null hypothesis of randomness.
E values greater than Qne. that is, where observed distances are greater.
than expected under the.hypothesis of randomness, depart from randomness
in the direction of uniformiﬁy. The R index ﬁeasures only fntensity,
not scule: denser clumps have-shorter neighbour distances. Consequently,
they have sm@]lef R values (Pielou 1969:119).

Order Neighbour Statistics

Clark and Evans (1954) 1nd1tated that the extension»bf:ﬁearest\~'
neighbour ana}ysisvtd cnd, 3rd, 4th,...nth nearest neighbour would
invp]ve subspantia]Ty more complex fofmu1ae. This notion abpears to have
become embedded in the literature (cf. Greig-Smith 1964:74) ahd the methqd
has not been widely used... In ar;haeology,IWhallon (i974) has élready
suggested that order neighbour statistics will be of Tittle use.'_Thomp—
son'(1956), however, soon derived the necessary formulae, and they are
not particu]aETy'comp]ex. Order neighbour statistics are c]ear]y well
suited to providing a'more\detai1ed Took at aggregation. As Thompson
(1956:393) expresses this, wé intuitively expect to find departures from ‘

randomness in the first few neighbour distances and an approach to ran-

domness thereafter. Each R value provides a measure of pattern intensity

at an order neighbour, while variation in a sequence of R vaiugs is rela-

‘ted to pattern grain.

Formu]agxa‘IQMdy presented need only to be generalized for dimensjon

-



and order.  Order distances U tong to the gamma distribution.  (Seebacey
(1963 and Thompson (19%6) for devivations.) , degrees of freedom, is

calculated as 10l lows:
f nn

whnr§ nois the number of items 1, the sample, m is dimension in hyperspace
(tixed at 2 here), and J s the icder neighbour. txpected mean

distancy "o the jth nearest neicnbour is given by

r I
In practice, we use the same /\ tactor to define the mean number of indiv-
tduay v a circle of unit radius. Al neighbour distances at a given

nrder are round and the chi-square normal approximation. is calculated by

the tollowing:

, . : Y .
With the appropriate value of f, confidence intervals, as defined

previouslv, can be calculated.
benéity Contouring
Mean square block analysis involves fairly simple statistics 5nd 1sj
-not difficult to apply to large popuidtﬁons. It will be used in a con-
Sidefation of patterning. for é]],artifacts recovered. Distance measures
require a somewhat greater computation load, and‘become 1mpractjca1 in
instanbés where density for all artifacts isbhigh (e.g., the 2609 arti;

faCts in Block A). Further in37:t into patterning in the total artifact

disiribution can be gained v plotting density isonomes. Block units

N

by
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dre grideed ottt and the number of items i each grid unit‘counted.
Frequenciec for each grid unit become Jénsity values. Density values
Are represented as points in the center of each getd square, and it s
these points which are contoured. Halt meter by half wmeter grid units
woere applied.  Greatest contouring accuracy is achieved by offsetting

grid squares one half unit, thereby allowing triangulation in contouring.



CHAPTER VI,
R(ﬂliTS AND DISCUSSION
Artifact distr{%utions are prusented in Appendix AL Figures 6-9 are
{1nishcd artifacts foﬁ‘er(vAljnn Flocks A, 6. L and D, respectively,
while ficures 10-13 are the total ortifact distributicn, for these units.

Einisheo artifact svmuols ave eccompanied by two and thi character
£

"

lai 5. The alphabetic w}rtiou~‘u< the labels, Tisted in uable 2|
cepresent artifact. C]OSSI :Mumeric labels indicn e mafcris] ot manufact-
ure. | .

v‘ap' _S_q@jg"e__aj_c;cl: fnalysis of H nished Arti‘ ris

[t-had been hoped to ach:eve sone understandiug of the variéb]é
scale of clustering that might occur in thesé distriﬁutions by ufi]izing
the mean square bloc’ analysis tecﬁniﬁue. HoweVer,_;here are a numbew of
pfacticé? aﬁd theoretfca] drawbacks fn its application.
Practical problems can be cohtro]]ed.for‘in research design. Mean

: sqﬁafé b1ock.ana1ysis require§ a quare or rectangular'samp1inﬂ.qrid

_thh sides some power of 2. If it is knoﬁh‘fn aannce thatnnv' wquare
block dnaﬁysis will be app1ied,'§amp1es canige taken with this factor in
*"ﬁ%nd. Another pro“?ém with'the techdique is that jt can only detect
'pattérning at or above the sma 1ost block SiZQ (Hodder and Orton 197%r
38" Distance measures weré.to be\app]ied to=ﬁhe data under considera-
tion,\anq coordinates are knOwn.A'when fhjs_is'fhe"éase,'origina] block
size can be adjusted downward. It shdu]d be noted that analysis still
proceeds by doubling ofvb1ock size; reducing the original b]ock.size
does not provide finer detail at larger block sizes. a@vpeak'for a block
siée equal to 16 un'ts means only that ﬁean patch area lies between

‘block sizes for 8 and 32 units (Pié1ou 1969:105) .



TABLE 2
LABELS FOR PEOTTING Hbba 4 x\R'IIF[\L]ISx
b~ Qsod flake 1 - quartzite
 § - retouched flake 2 - Beav een Uil gnartzite
G - S5plit pebble/ _ ?‘j'hlack Chert
Cipolar spl{t pebble i argiilite
H oo core : ’ 5 - other chert
f - small hiface 6 - quarti
ﬁ*bndscraper o ;- ﬁa]L aéd popvaquarrzitﬁ
K- large uni%ace | 3 - heat t:cated quartzite
L - large biface 9 -‘heat trnatod‘calt ahd pepper
M - spall taol | quartzice
N - cobble tool 16 - sandstone :
0 - bone foo] 11 - low grade quartzite
P - hammerstone 12 - bone |
0 - wedge *Composite Tabe? 1ndicatihg'artifact class
and material ", El, I5, J8) appear-in
J - sidescraper : Figures’6—9, =ndix A.

e - S

*heoreiicaluproblems are of much deeper Significance‘(Pie1ou 1@69:
105).  First, mean squg%e >. block size ‘graphs can only be Judged sub;
“jectively. Mean squares 1 - differeﬁt biock sjzes cannot; in‘fact, be
regarded as $tétistica]1g indépendeqt because £hey are calculatec from
counts obtained by successively combining the same blocks rather than
from independent-séhp15ngs of the d%stribution with different sized
qﬁadrats. Second, graphs sometimes assume a saw-toothed shape because

~_robnlong blocks give rean squéres consiste (ly less than those of square



blocks on erther side of them in the sequence of blocs wares. ihind,

Pielou (1pux.) shows that a Clumped pattern and i, reverse (where clumps

\

Pecome tacunae and enply areas ane tilled witn candomly dispersed points)
rive hights o tar patterns. inaiiv,e ano b 10 ohe most debilitating
Taw of the technique ¢ applied 10 the date @ e el vdacriance/nmean ratio

i
|

tosrs apparent 1y behave ervatically when the wean is very small (1.€.,

i dow density ituatione) (freia-Smith 19ed. 705 fhe combination of
practicael -and theoretical problems warrant ceution i the application

. E ‘/' - o KA ‘ R
it interpretationnf o this tost. A hodde~ ans U:on (19/0:38) suagest,

RO . : ‘ .
more sentitive tests based on disrance meacures dAppedr nore appropriate
for low density darchaeological data.

Block D has served as a test case .for ail of the techniques described
nare.  Thre. istinct and separate clusters are present.  Mean square

Wl
&

block aha1y51s ~vveals significant patterning for Block‘D only. This
probatily results from the intcns{ty of patterning in tnis unjt; despite
overa11 low density.  Results are presented 1in Tab]c 3 anc Figure 14,
Appendix E. Application Qf significance bands Lo tae inean square/mean

ratio vs. block size araph indicates:
- i

1.- The distribution is nonrandom in the direction of aggregation.

* - : .
One.other difficulty arises. The program used for mean square block
‘analysis actually began with the complete excavation block (the last block
size) and worked downward ("divisive rather than agglomerative"). Output
is actually the reverse of the computational procedure. This feature made
it easy to transpose the actual division of the block, thus orienting ob-
long blocks in both possible directions. Thompson (1958:325) states that
either direction is satisfactory, if there is no trending, as long as ari-
entation is consistent. Trending is not manifest in this datz, but results, -
_ particularly for all artifacts (high density), sometimes inciude signifi-
cant differences when axes are transposed at the same original block size.
If one cannot visually discern trending prior to testing, it is difficult
to know which results to acces When axes are transposed for rectangular
blocks, the divisive process =:1ts in all block sizes -being rectangular
(e.g., 0.125 by 0.50, followeud by 0.25 by 1.0, followed.-by 0.50 by 2.0,
etc.). This is a partial solution to Pielou's second complaint (above).

f
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[ARLE 3

Mr AN SOUARL BLOCK ANALYSIS
PINTSHED ARTIHACTS, BLOCK O, Hkba 4

NUMBER OF ARTIFACTS = 89

LENGTH Of THE Y CAXTS 4 METTRS

LENGTH O THE Y-AXTS 4 METERY o
BEGINNING BLOCK SIZE 0,25 BY 0.25 METERS
MUAN DERSTIY AT BLOCK SIZE 1 0.3477

| UL SUUREL,
BLOCK STZE  SUMS OF SQUARES — MIAH SQUARL,  7Ad w.ii) i
! 1087 . 0000 0. 4700 SAnT 206,
7’ 979.5000 3,050 Gos 00
g 7842500 10,949 IETS 64
v . 433.8750 11.6630 SRELE 32
16 247 1875 | 14,6914 26412 16
0 1296563 10 6284 " 9554 g
i 27.1406 18. 2539 0.3204 4
128 50.6328 19.6914 0.4425 o2 :
256 S).9414 ] /
AYES AR TRANSPOSLD !
ety 9L, L o T, T T -

2. A single scale of patterning is present at block size 4, or 0.9
by O.S_meters, a reasonable approximation for the three clusters.

Other excavation blocks 74,C, and D) show ro significant results
when tested. Howrver, pacterning is not as intense and density is low.
In Block 8, where a tendency toward clustering seems evident to the eye,

low mean square/mean ratios are reported (Table 4). Forty-two artifacts

are present: if the original block size is reduced to 0.25 by 0.25 meters,

we have a deinsity of 42 items over 512 guidrats, cbnsiderab]y’]ess than
one itemzﬁéﬁlunip. Eecause of this density problem, I have not applied
indices such as David and Moore's Index o1 Aggregation or Lloyd's Indices

of Mean Crowding and Patchiness (cf. Pielou 1969:91-98)

Order Neighbour Statistics ) ; ;

Because simple nearest neighbour statistics restrict enquiry to thc

most detailed scale and the nearest néighbour is the first order“néfﬁhbouu;

we will move directly to a consideration of.order neighbour statistics.
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TABLE 4

T OMEAN SQUARE BLOCK ANALYSIS
FINISHED ARTIFACTS, BLOCK B, tkla 4

NUMBER OF ARTIFACTS 42

LENGTH OF THE X-AXIS 8 METERS

FPENGTH ©F THE Y-AXIS 4 METERS

BUGINNING BLOCK SIZE 0.25 BY 0.25 METERS

MEAN DENSITY AT BLOCK SIZE 1 0.0820 ‘
MEAN SQUARE/

BLOCK SIZE  SUM. OF SQUARES MLAN SQUARES  MEAN RATIO DF

1 56.0000 0.0742 .0.9048 512

2 37.0000 0.1250 0.7619 256-

4 21.0000. 0.1289 0.3929 128

8 12.7500 0.1289 0.1964 64

16 8.6250 0.1445 0.1101 32
32 6.3125 0.0820 0.0313 ' 16
64 5.6563 0.5195 0.0990 8
128 3.5781 - 0.0508 0.:0048 4
256 3.4766 0.0313 0.0015 2
512 3.4453 ' 1

AXES ARE TRANSPOSED

As with mean square block analysis, theré are proéedura] diffiégities. : @};
These stem from a “border effect”..‘To analyze the problems created py . ,a;
this effect archaeologjca]'data has been supplemented by dfstributions -
from the Schult; Population Sampler, Departmeht of Botany, University of
Alberta. The'artificial population‘Samp]er,consigts vatwﬁ 1 meter
square plexiglass surfaces. On one surface, coloured disks are randomly
dispersed. Random, regular, and aggregated distributions appear on the
‘second board. The distribution of white disks from the fandom board. of
the Schultz Population Samb]er'appeéré in Figure 19.

In the.original.exposition.of the nearest neighbour method, C]ark'
and Evans (1954:450)vpofnted out that'tﬁebretiga] spatial analyses assume ;v‘
‘an 1nf1n1te'area for the sampling -universe. Practically, distance meas-
-ures are appiied'toffinite popuilations, and, :

The presence of a bOundary»beybnd'which measurementS'cannot be
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Figure 19. The distribution of white disks on the random board of the

Shultz artificial population sampler # This random distribution served
as a test case for the point rejection method of handling border effect

in nearest neighbour analysis.
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made will tend to make the value of r [sum oT all the nearest’
neighbour measurements ] greater than would be obtained if an
infinite area were 1nvo]ved (loc. cit.).
They suggest that, whenever possible, it will be desirable to select
:‘an area for 1nvest1gat1on that Ties we]T within the total area covered by
-the‘ent1re population. Dacey (1963:505) agreed that the boundary of the
region containing the pattern is a potentaa] source‘of bias and'conc1u~
ded thaﬁ for most applications, measurements frdm a point i (in the con-
téxt of locational ana]ysis in geography) should only be recorded for
those j nelqhbours wh1ch are closer to 1 Lhan 1 s to the boundary In
an archa(olog1ca1 ‘instance, where item to item distances were used,
Whallon (1974) rejected any point wh1ch was closer to a boundary than
to 1ts nearest neighbour. 'i.’ .

Of the two corrections for bdrder effect, the point rejectioa method
is the more dadgerous. Clark and Evans' "centralized unit" copes with
greater neighbour distances by elimieating the orjgina]dborder. As
Diggle (1976) warns, point rejection favors selective bias towards smaller
neighbdur distances. Yet, we must be espec1a11y skept1ca] about system-
atically reJeCt1ng data in a way that could favor the rejection of the
nulil hypothe51s (randomness) when it is actually true. Technically; this
is termed Alpha or Type I error and is to be»contrasted!with the problem
point rejection is try{ng to do]ye, Beta or Type Il error, which is
failure to reject the null hybothesis when it is actua11y false (Blalock
1972:113-116). Could point rejectionﬁin effect "overcompensate" for the
retention of some larger heighbour digtances through'border effect?

Before answering this question, rejection Criteria'must be set It

is felt that centra]]y 1ocated but 1so1ated items shoutd be retained.

Since surround1ng areas have been excavated we know an artifact is



genuinely isolated. Rejecting any point closer to the border than it is
to 1fs'nearest neighbour, the solution offered in the 1fterature,_w0u1d -
Tead tu the rejectfon of such items. A more Egnservative approach is

qdopted here. A "critical boundary" is created within the original ex-
~cavation unit. If the critical boundary area is 20 centimeters from

eagh wall, only points . falling Qithin 20 centimeters of each wa]f will

vbe tested to see if they are closer to the border than to their nearest
neighbour. Thué, isolated points in>fhe center of the block (not in

the ”riticél boundary) are never tested and aré retained. These criteria

are 1:1d out in Figure 20.

"REJECTION CRITERIA IN NEAREST NEIGHBOUR ANALYSIS

Critical Boundary

FIGURE 20. Point-A s rejected while points B znd C are tested and

retained.. An isolated point such as D does not fall within
the critical boundary area and is not: tested.



Results of testing with point rejection are presented in Table 5.

A critical boundary of 0.0 meters means that no rejection took place.
The ¢ .1 boundary is incremented by 10 centimeters up to 40 centi—
meters. For excavation units (Blocks A-D), in every case, s1gn1f1cance

in the dlrect10n of aggregat1on 1ncreases with an increasing critical

boundary (i.e., more points are being rejected). With no point rejection,

Block A tests as complete]y random over 10 order neighbours. Increase
the critical boundary to 20 centimeters and the distribution tests as
s1gn1f1cant1y aggregated over 10 order neighbours, Tab]e 6 demonstrates
the problem even more clearly. The white disks on the Schultz Population
Sampler random board were 1ntent1ona11y generated as a random distribu-
tion. When that d1str1but1on is tested, it is random for first and
second nearest ne1ghbours, and. then tests as s1gn1f1cant in the d1rect1on
of uni formity (first line of Table 6) A centrally 1ocated unit of 0.75
by 0.75 meters. is drawn and tested without point reJect1on Test results

are the same (second line of Table 6). If we create a critical boundary

of 10 centimeters within the centralized unit and reject points within it,

the distribution tests as sighificant]y aggregated at all 10 order neigh—'

bours.
Something is seriously wrong, and it is my contention that DO1ﬂL
rejection causes systemat1c se]ect1on for smaller nearest neighbour dis-
tances, thereby creating Alpha error. I cannot overemphasize that these
‘results are obtained by using an even more conservative rejection method
than that sdggestedvin the Titerature. Without question; point rejection

is not a viable method for dea11ng with border effect.

D1str1but1ons in the East and West halves B]ock\\ peared d1fferent
Test results are consistently different and the forme? unit tests as ran-
dom. The East half of Block C was not submitted to the final stage of

analysis, cluster analysis.

~



TABLE 5

NEAREST NEIGHBOUR ANALYSIS OF EXCAVATION UNITS, HkPa 4, POINT REJECTION -

]

o L ow»
— o )
: rder.
Sampling = § é Order Neighbour
’ Q

Unit . &&= 1st 2nd 3rd 4th Sth 6th 7th 8th 9th 10th

* ‘
0.0 R R R R R R R R R R
0.1 R R SA R SA SA" SA SA SA SA
BLOCK A 0.2 «SA SA  SA SA SA ) SAA SA SA SA  SA
0.3 SA° SA SA SA SA' SA SA SA SA SA
0.4 SA- SA SA SA SA SA SA  SA SA SA

S\ R R SA R R SU SU ‘su sU

0.0
0.1 SA R SA SA SA R R SU sSu SU
BLOCK B 0.2 SA SA  SA SA SA SA R SU Su sU
0.3 SA. SA SA SA SA SA SA R SU SU
0.4 SA SA SA SA SA -'SA SA R SU SU
; 0.0 R R R.SU SU SU sSu. sU sSU  sU
BLOCK C, 0.1 R R R SU SU SUu su sUu su su
EAST (.\LF 0.2 R R R R R SU SU .,sU su sU
- 0.3 R R R R R R R "R R SU
0.4 SA SA SA SA SA SA SA SA SA SA
0.0 . R SA R R R SU SsUu sSu su su
BLCCK C, 0.1 SA _SA P R R R R R R SU
WEST HALF 0.2 SA SA SA R SA SA R R R R
0.3 SA. SA SA SA SA  SA SA SA SA SA
0.4 SA SA SA SA SA SA SA SA SA SA
0.0 SA SA  SA SA SA SA SA SA SU R
0.1 SA SA SA SA SA -SA SA  SA SU R
BLOCK D 0.2 SA SA SA SA: Sﬁ SA SA  SA R SA
0.3 SA SA  SA SA ¢S SA SA SA "SA  SA

0.4

SA SA  SA  SA §A SA SA SA SA  SA

* . .
R - No significance of pattern found; distribution shows no signifi-

cant departure from randomness. _
SA - Significance found in the direction of aggregation.

SU - Significance found 1nzthe>direCtion of uniformity.

We aré left with the option suggested by Clark and Evans (op. cit.).
It does not impose a selective bias and for thi¢ reéson is a much better

- solution to the border effect. Here, a centralized unit smaller than the



~

" TABLE 6

CPOINT REJEQTION TEST, WHITE BISKS‘ RANDOM BOARD

— TN s
(2« BN V)
235 -
: -ﬁ.§<$ ‘ Order .Neighbour
Sample S8E 1st 2nd 3rd 4th  Sth 6th 7th 8th 9th 10th
A1l white : :
disks, no 0.00 R R SU SU SU SU SU sU SuU su
rejection

“0.75 by 0.75 meter
centered unit, 0.00 R R sy Sy SsUu su sUu SsSu Ssu su

no points rejected

..75 by 0.75 meter
centered unit, points - . : :
rejected from 0.10 SA  SA SA - SA SA  SA SA SA  SA SA

0.10 meter critical boundary

ofiginé]_samp]e unit 1§ created aﬁd tested.* N. est neighbours can be

found dutside of the centra1iz¢d unit, but only distances for items with-

1? the centralfzéd unit are used in ca];ulation. Results for artifact

d%stributiohs and ‘disks from the Schultz randqm board are presented in

- Table 7; . ' é a |
There are différences_from the results obtained for'the whole board

“(presented again in Table 8). Significance in the airectioa of uniform-

ity disappears and is replaced by randomness. in neér]y all instances.

This is difficult to explain, although it obviously is not as serious an

error as that induced by point rejeCtioﬁv(from uniformify to aggregation).~

The tendency for uniformity to appear.in supposedly random distributions

on the Schultz Population Sahp1er is curious (unaltered sample). Note

* f
The program in use can be easily modified from the point rejection for-
mat by changing an "if" statemer’ to exclude everything in the critical
boundary area. All the points read in are available for neighbours to an
item, but ‘'only items in the central unit figure in the statistics which
are calculated. An example of output is presented in Appendix C.

e
>
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CLARK AND EVAN'S METHOD: CENTRALIZED UNI!

TABLE 7

?;iéince " Order Neighbour
Sample (meters) 1st 2nd 3rd 4th 5th 6th .7th 8th 9th 10th
BLOCK A 0.5 R R R R R SA R R R 1
BLOCK B 0.5 S\ R R R R R R SU SU SU
BLOCK C, '
WEST HALF 0.5 R R R R R SA R R R R
BLOCK C, ' | o :
EAST HALF 0.5 R R R R R R R R R R
BLOCK D 0.5 SA SA SA SA SA SA SA SA R SA
RANDOM BOARD ' ‘
RED DISKS 0.2 R R R R R R R R R
GWEEN DISKS 0.3 R R R R R. R R R R
WHITE DISKS .0.125 R R L R R R R R R
= Wi
TABLE 8 AN
) AN

. R : " . B *
NEAREST NEIGHBOUR ANALYSIS OF UNMODIFIED fAﬁPLING UNITS

Order. Neighbour

Sampling Unit 1st 2nd 3rd 4th 5th 6th 7th 8th -9th 10th
BLOCK A R R R R R R R R
BLOCK B SA R R SA R SU SU SU SU

BLOCK C, ‘ \ -

WEST HALF R SA R R R SU SU SU SU SU

BLOCK C, | |

EAST HALF R R R SU SU SU SU SU SU SU

BLOCK D SA SA SA SA SA SA SA SA SU R

RANDOV

RED DI R sy SU SU SU SU SU SU SU SU

GREEN D... SU SU SU SU SU SU SU SU SU SU

WHITE DISKS R R SU SU SU SU SU SU SU SU

* ,
Results for testing v. i~ no correction for border effect.
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_ . .
that the green disks depart frem randomness in the direction of uniform-

Tty at all order neighbours. I ecncountered the same difficulty 1in

attempting to - orate a random distribution for purposes described below.

It seems possibie ;hat Since nearest neighbour statistics are theoreti-
cally derived for an infinite popu]atién distributed over an infinite
space, any attempt to generate a fandom distribution within a small
enclosed unit»may.result noa tehdency toward uniformity. Hodder aﬁd'
- Orton (1976:41-42) report a similar réSUIt: Alternatively, it is
possible that significance in the direction of uniformity in these units
results from the chance producpion'of nonrandom'distributions,‘a]though
encountering this‘difficulty in three separate instances seems more than
coincidertal.,

For archaeological data;‘there remains an even more serious problem.
The Clark and Evans method 1s ext}emely wastefg] Qf data, and archaeo-
1ogica] data“is often a scarce resource to begiﬁ with. Consider biock B.
The centra]fzed unit was located one half metér from each border. Thié
removed oi ited two of the deﬁser clusters in a low density distri-
bution. A ... ution to this dilemma comes in the form of adding a border
to the original observation unit. Hodder and Orton (1976:42) report |
success with this method, although further research is necessary. They

suggest that

If the sempling area. is rectangular in shape and contains a
fairly large number of ;oints, and if one can assume that a
similar picture would hold for sampling fields, one can repeat
the same set of points top and bottom and at the sides (ibid.). -

. The surrounding band consists of randomly placed points (with coor-

dinates derived from random number tables) having the same density as the
& ' - v

. * _
interior study area. The sampling strategy used at HkPa 4 precludes

* . .
Although Hodder and Orton's use of the term "same set" leaves uncertain-
ty about randomness 2qual density.
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making assumptions of' this nature about the total distribution. Of

course, two blocks are not rectangular. For these reasons, rectangular

border areas (for Block B, two 10 by 1 meter and two 4 by 1 meter strips)

- were created and filled with points whose coordinates were chosen from a

random numbers table. Density equalled that of the‘originaT unit.  Each

- of the four border strips for a unit were filled separately. The ! meter

‘study block could be removed

random border attached to“Block B appears in Figure 21.
An a]ternat1ve to a random border would be to surround a block with

its own dist on on all sides. A border area could be selected from

P

this surrounding area,3 Again, this method requires assumptions about the

_total distributiodﬁgﬁ%HkPa 4 that cannot be made without further sampling.

While the archaeo1og1st may be search1ng for regu]ar1t1es in distributions,
it should be recaT]éd ‘that occupat1on f]oors or d1str1but10ns at sites

1ike HkPa‘4-may have distinctly unlque characterlstvcs \Perhaps the best~

. test 1nvo]v1ng an added border’wou]d ut111ze computer methods to generate

a large- random d1str1but10n from wh1ch a central area the size of the
Resu- ts for b]ock un1ts with an added random border are presented 1n« =

Table 9. B]ock D was not tested because the small, high density c]bmp in

the northwest corner of that unit: con51stent]/ 1eads to s1gn1f1cant aggre-
gat1on at a]] order ne1ghbours regardless Uﬁ)the type of test e nyed

The . Nest ha]‘ of B1ock C is not as strongly c]umped Tne rea] East border

for the West ha]f of B]ock C is known -and was used. Artifacts do tend to

~be distributed in small _groups of two and three (nonrandomness in f1rst

v

and second ne1ghbours) a]though 1arger groupings appear to occur. Block
B is more strongly contagious, as might be suspected from Visual inspec-

tion. Clusters of two to nine items do occur; significance  in the direc-
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tion of uniformity occurs for the eighth, ninth, and tr.ch nearest neigh-

bours if this unit is tested unaltered or by the Clar and Evans method.

This ggy]e (g1ven the constraints upon testina in t way) mean that
aggregates tend to occurYferther apart than exp: Block A provides
unusual results. The distribution is significa aggfegated only et
higher order neighbours. R values g; not indicate intense patterning.

Two factors may explain this. First, iteis a 4 by 4 meter unit. This is

rather small when we recall that the other 4 by 4 meter unit, Block D, is

marked by particularly intense patterning. Seconu,.extreme1y high total
artifact denéity (not just finished artifacts) suggests heavy usege and
a high probabi. Ly of cluster .overlap. We may be looking at a unit close
to the size of a large nonrandom aggregate. " The distribution within that
aggregate -may approagﬁ randomness,'whiie higher order neighbours remain

T a A
closer thar expected under th% null hypothesis.

y -

'zfanalysjs of Complete Artifact U{stributions
‘QAE mentioﬁed prev%ous]y, eom;“ege artivact distributions'wefe‘énal-
yzed by means of mean square block analysis ano contoUring only. Results
of mean square block ana1ys1s are pre sented in Tables 10-13 and Figures
?15 18 ADpende B.  In each ca;e, peak n occurs well above significance
bands, and it 1s suggesie1 that the distributions are def1n1te1y ‘nonran-

N

“dom. By and tzrge, patte ning is not detected at mu1t1p1e sca]es .

“ [T

‘ fhreughout the four excavation b]ocks: the‘stroﬁgesﬁ}peakﬁng consistently
occurs at\the 0.50 by 0.50 meter‘qﬁadrat size. 'Thisjis a\fair represent-
ation of actual concentrations ol.erved visuzlly. Failure to‘detect;pat—
terning at larger scales favors the conclusion th-t atj1ea;; 4ley 4 meter

" excavation units are somewhat small, and capable of dete.ting only finer

grained patterning. Generally, results presented are:confirmed by varying



TABLE 10

MEAN SQUARE BLOCK ANALYSIS
ALL ARTIFACTS, BLOCK A, HkPa 4

NUMBER OF ARTIFACTS 2609

LENGTH OF THE X-AXIS 4 METERS

LENGM OF THE {-AXIS 4 METERS

BEGINNING BLOCK SIZE 0.50 BY 0.50 METERS
MEAN DENSITY AT BLOCK SIZE 1 40.7656

MEAN SQUARE/

BLOCK SIZE  SUMS OF SQUARES ~ MEAN SQUARES  MEAN RATIO  DF
1 170214.0000 517.4375 12.6930 64
2 153656.0000 642.3438 7.8785 32
4 143378.5000 . 1720.3750  i0.5504 16
8  129615.5000 1082.6563 3.3198 8
16 125284.8750 6039.1875 9.2590 4
32 113206.5000  -930.5000 5.3128 2
64 106276.0000 » 1
AXESARE TRANPOSED
J‘\ o
TABLE 1 f
MEAN SQUARE BLOCK ANALYSIS o
CALL ARTIFACTS, BLOCK B, AkPa 4 °
NUMBER OF ARTIFACTS 756
LENGTH OF THE X-AXIS' 8 METERS
LENGTH OF THE Y-AXIS 4 METERS
BEGINNING BLOCK SIZE 0.50 BY 0.50 METERS’ |
MEAN DENSIT. AT BLOCK SIZE 1 5.9063 , N
| o | MEAN SQUARE/
BLOCK 'SIZE [ SUMS OF SQUARES ~ MEAN SQUARES ~ MEAN RATIO . OF
1/ 14812.0000 64.6250 10.9418 128
2/ 10676.0000 192.6563 7.8439 64
4 7711.0000 59,0000 2.4974 32
8 6767.0000 1101.9063 2.1567 %
1 5951.7500 201.0938 & 2.1280 8
337 5147.3750  305.1250 1. 6144 4
e 4537.1250 7 72.0000 0.1905 2
;%8 ~* 4465.1250 | !
AXES ARE TRIISPOSED A
- .
//‘
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TABLE 12

MEAN SQUARE BLOCK ANALYSIS
ALL ARTIFACTS, BLOCK C, HkPa 4

NUMBER OF ARTIFACTS 2112
“LENGTH OF THE X-AXIS 8 METERS
LENGTH OF THE Y-AXIS 4 METERS
BEGINNING BLOCK SIZE 0.50 BY 0.50 METERS
MEAN DENSITY AT BLOCK SIZE 1 16.5000
: MEAN SQUARE/

BLOCK SIZE ~ SUMS OF. SQUARES ~ MEAN SQUARES  MEAN RATIO OF
1 102588.0000 393.1094 23.8248 - 128
2 77429.0000 606.4219 18.3764 64
4 58023.5000 483.5313 7.3262 32 -
8 50287.0000 513.9375 3.8935 16
16 46175.5000 1800.1875 6.8189 8
32 38974.7500 1958.3125 3.7089 4
64 35058.1250 210.1250 0.1990 2
1

128 34848.0000 cn i

AXES ARE TRANSPOSED

TABLE 13 .

"ALL ARTIFACTS, BLOCK D, HkPa 4 S

NUMRER OF ARTIFACTS 535
LENGTH OF THE X-AXIS 4 METERS

- -LENGTH OF THE Y-AXIS 4 METERS-
BEGINNING- BLOCK SIZE 0.25 BY 0.25 METERS.
MEAN DENSITY AT BLOCK -§1ZE-1 2.0898 ‘

‘ \ MEAN SQUARE/

BLOCK SIZE+ SUMS OF SQUARES  MEAN SQUARES  MEAN RATIO DF
o 1 2945} .0800 12.9805 6.2112 256
2 27789.5000 43.6601 10.4458 - 128

4. 24995.2500 - 357.1602  ~ 42.7257 64

8 13566.1250 354.7070 21.2161 32

116 ) 7890.8125 422.2070 - 12.6268 16
32 4513.1563 * *  422.6367 - 6.3198 ’ 8
X764 2822.6094 472.4258 3.5322 4

128 -1877.7578 757 6914 - 2.8400 2.

256 1118.0664 E , 1

AXES ARE TRANSPOSED  * - SRS

o
.
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the initial quaurat size and by transposing the axes.
Multiple scaling does occur in Block A. Note, however, that He:

in the mean squpre/mean ratio correspond to square quadrat sizes. roi
=

terniﬁg ofeth1s type- is probab]y spurious in that it is 11ke1y related

to the&efficiency of -sample unit shape. Oblong blocks tend to reduce

between quadrat variances. v

v

Contouring with density 1sonomes visuelly confirms this ten&enéy
\toward spatial concentrat1on Dens1ty isonomes are presented as, over]ays '

>

’assoc1ated with Figures 6-9, Appendix. A. Th1s format allows a comparison

- of finished artifact and total artifact distributions. Ttii% Bl{:r that

1va1th c]usters of f1n1 hed

high density debitage areas coi
. . - A

. e
artifacts. In fact, of the 1§ ef1ned by the next stuge of

~f

With "topograph1c highs" on the 4'

13

contour maps. However, several hiah dens1ty areas of deb1tage are not

- apalysis, 16 are trong]y 3550

associated with any concentrat1on ov Tinished art1facts.-



s

CHAPTER VIII. | .
DEFINITION OF SPATIAL CLUSTERS
’Ratiqna1e R\Qﬁ
._/.,\ To this point, f have succéssfu11y;demonstrated that artifact dis-
tributions fn the block unfté are both nonrandbm and aggregated. Apart
from the more general reasons cited previously, the demonstration of
nonrandoﬁness is'a*so essential for methodd]ogica] reasons. If the
1nvestigator wishes to proceed direc;ly to the anaTysis of spatial ass-
~ociation, a pribr demonstration é? nonrandomness is desiréb]e becéuse
§§pét1al association in a random distribution of artifacts is probably
Iun]ike]y (é]th0ugh it is not imgdssib]e, as Dacey (1973:32)_1mp]1es).
More important]y,'thé techniques for identifyfng spatia]]y‘discrggth

v.artifact clusters applied below would form clusters within a réﬁuhji

. distribution--obviously allowing spurious conclusions.

X

-Ana1ysis can now proceed in a number of,Qifferent‘directions. Griq_
méthods (e.q., Daéey 1973) of assessing spatial association are not
app11ed here pr1mar1]y because low density remains a problem that could
1nf1uence results. - in add1t1on, such methods wou]d perm1t no clear
control over temporal variability. ‘Wﬁa]1on (1974:23) has suggested anj
other procedure in which a ”cut—off” distance is detérmined'

"~ The standard deviation of the near. 't nejghbour distances
is calculated, 'and 4 -point 1.65 standard*deviations above
“the mean nearest neighbour distance establishes the 'cut-
off" distance. This encompasses 95% of the potentially sig-
nificant d1stances between items in the spatial distribution.
A one-tailed critérion is used, since only distdnces greater
-thah the mean can be considered significantly beyond the
range of distances: among items within a cluster (Whalion
1974 23 ).

The cut-off distance becomestthe radius of a circle drawn about each
item within a class of artifacts. Overlays-of different artifact
o}

77, M. “T’

~ R V : ) vr{;

£



14

fying clusters is required.

“scale or grain. ' |

78

classes are made, and the amount of distributional overlap between claws-
es 1s measured. Jaccard's index of similarity is then used to assess
the degree of overlap between classes. ‘ -

Here, a somewhat different approach is used. Finished artifact

XY
i
Y
Xk,

density is low. Artifact distributions are nonrandom and they are no‘—”
random in the direction of aggregation. Furthermore, ‘the behav1ora1;
processes generating the distributions are suspected to lead to arti-
%ect clustering at loci for variouszactivities. ' Therefore, 1t is
reasonable to attempt to define spatial clusters of artifacts. The @
artifact cluster then becomes the unit in which spatial aésociation
occurs. Using this strategy, there is no need to worry about the effect

differing grid sizes can. have upon association. Some means of identi-

Methods W
' A Nearest Neighbour Derived Method
One way of def1n1ng spatial clusters involves a slight modificdtion
of the procedure Whallon adopted A1l artifacts falling with -the cut-

off distance of each other are joined. A circle with a radius of the

mean observed nearest neighbour distance can then be drawn around each

‘artifact {or for s1mp?1c1ty, each out1y1ng artifact). This makes it

poss1b1e to discern visually d1screte spat1a1 aggregates of art1facts
F1gure 22 shows the application of this approach to B]ock B. The limit-
ation of this techn1que is not unlike th. i, |at1on of s1mp1e nearest
neighbour,aha1ysis.° The latter measu 2s oniy 3c,terni1ntens1ty. The
"cut-off" method just outlined focuses n = a]]eso, most detailed

scale of nonrandomness present. There is ri way of assessing pattern
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Why not extend the method by using cut utf distances frbmkprder
neighbours? Practical difsiculties are encountéred almost immediately:

as the cut-off distance rises in value (with each order neighbour) de-

fining circles overlap increasingly. In effect, artifacts become candi-

dates for more than one cluster, and we need some set of rules for

assigning individuals to Clusters. i

| Taxonomic Methods
This last difficulﬁx éan be viewed as a taxonomic problem in which
we wish to know where a candidate 0TU should be assigned. In fact, the.
method described above, which uses a simple cut-off distancé, resembles
sing]e-11nkage SAHN (Sequential, Agg1omefative,'Hierarchic, Nonover-

. . * .
lapping) methods (nearest or farthest neighbour, for example). Single-

Tinkage methods dre plagued by a tendency toward's "chairing" or the

‘formation of long, straggling clusters (Wishart 1975:37). In applying

the nearest neigﬁbour dé?iVed "tut-off" method to the_daté at hand,

chaining results. The'ahﬁ]ogy can be carried oneigtep further. The

failure of this ”cutéoff"’method to eiucidate pattern grain stems- from

'the‘¥act that it is not hierarchic. There is only one level at which

used).
)

&

. . : N
fusion can occur (unless order neighbour cut-off distances are

The app]i&ation of a more powerful clustering method should be ® e

- productive. One such technique is Ward's method. Ward (1963) proposed -

that at any stagé‘of taxonhomic analysis, the "loss of information" which

«

results from hierarchically grouping point swarmsjinto\¢1usters can be

» measured by the totéﬂ sum of the squared deviatjons‘Ongyery.pofnt from

the mean of the cluster to which it belongs. The error sum of squares

* - .
Single-linkage nearest neighbour is a clustering method unrelated
to spatial analysis. m '
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is defined as the distance from each individual to the centroid of its
parent cluster (Wishart 1975:38). When individuals have been grouped
into a clustey, the sum o1 the deviations of the points about the:
group's mean gives an indication about the cluster's homogeneity.
Those two c]Qsterst:and'Q whose fusion yields the least increa§e in the

error sum are combi.icd (optimizing the error sum of squares objective

functionfﬂ Ward's nethod, as applied with the CLUSTAN 1C package, finds

., minimum variance ®therical clusters (Wishart 1975:38).

To be sure, -inis s an unusual application of cluster analysis and
there are difficulties. Although Ward (1963) made no comment on stan-
dardizing variables, Wishart (1969:170) feels this is important because'

..the error sum of squares must be a factor of the
variances of the variable distributions, and is,
-therefore, biased towards variables with high vari-
ance. It is, "therefore, recommended that the sample

coordinates should be transformed to standard form
prior to analys1s

The objective of undertaking a cluster analysis of artifact distfi-‘
butions 1is entife]y.spatia1rin nature, however. Fbr this reason, fhe’l
CLUSTAN option allowing raw continuous data to be filed was used.
Standardi%ation c0uld distort actual spatial re]ationghipg. P)ottfng_

\ _ _ I : ‘
distortion still occurs with procedure SCATTER, a]though it can be

'minimized by a]Towing plot boundaries to be set automqticq]]y«(compa?é

Figures 6-9VWith Figures 23-26).. Fixing axis length produces an effect

Wishart (1975:92) terms ”stretcﬁing”. v

Results = ‘ . 7 ‘ o -

- . S

F1n1shed art1fact d1str1but1ons from HkPa 4 were subm1tted to

ana1yshs by Ward's method with procedure HIERARCHY of the CLUSTAN 1C

pack@ge (Wishart -1975). Only artifact coord1nates (south and east
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measurements) were utilized as variables.  With CLUSTAN, the investzé\\
————

gator specifies a number of clusteis to be formed by the SAHN method

chosen. In situations such as Block D, where three basic clusters are

clear cut. thi: presents no difficulty. However, in other instances,

‘}.estigator-%s tess certain about the number of soatia] clusters
involved and can benefit from any understanding of“Howj“natura1f a

| classification of spatia] clustors has been obtained ' "

+ The MODE procedure in CLUSTAN a11ows a proﬁhb111st1c 1nterpreta
tion of a c]assﬂf1cat1on Br1ef1y probab111ty surfaces surroundwng
"dense" pownts 1n the d1str1butlons of j‘tems can be assessed for modes.

"Distributions with s1ng1e connected surfaces are unimodal, and on prob-

abilistic grounds 1t can be argued tha%;tge population of items cannot

be subd1v1ded 1nto “natura1“ c]asses (s !ishartf1975:55 for a complete

1%

dnscuss~or; Ident1f1cat1on of more than on mode JS a form of ev1dgnce

I
for s1gn1f1cant structure in the popu]at1on of 1tems under conswderﬁt1on

although concepts of s1gn1f1cant structure and,“natura]ness“ ho]d no
consensus of opinion in,

While the CLUSTAN fus"

ing, arcraeolog1ca] Judgement must 1ntervene at tN1s po1nt

1. Specific artifacts may be rejected from a cluster on grounds
other. than hor1zonta1 proximity (e.g., depth).

2. (Clusters of two; and perhaps three, art1facts may be fortu1tous
and are v1ewed skeptically. - :

3. B]ock units or areas of block un1ts may not be cons1dered in
instances where cluster overlap and d1sturbance could f1gure
prominently (e.g., Block A)

Relevant archaeo]og1ca1 variables considered in the definition of a

cluster inc]uded_depth-be]ow datum, soil horizon, raw material, &nd arti-



fact class. A detailed analysis ¢f edge wear patterns may be a key to

understanding the‘ﬁunctiona] significance of a cluster. For the purpos~s

: RN . . 3
of cluster definjtion, similar kinds of edge wear on various artifacts,

Yy

or a logical sequence of edge wear patterns can be construed ds evidence
for the temporal relationship of artifacts.

Using this combination of archaeological judaement and objective

o
rules from-numerical taxonomy, it is possible to define 18 clusters: 2

in b ock A, 5 in Block B, 8 in Block C West half),: and 3 in B]ock D.

NG
'az§

rhese c]usfers encompassed 182 of the 300 finished a¥t1facts recovered
¥ r

or over 6ﬁﬁ P]ott1ng w1th procedure SCATTER is pnesented in F1gures
23-26, Append1x D, wh1]e spat1a1 cluste (out11ned by convex hu]ls),arevh
presented in Fiqures 27-30, Apoendik D. The reader is referred to Table

14 for a summary of the artifacts in each. spat1a] c]uster Letters A-D -

1dent1fy the: b]ock unit in which the cluster {s located. It sﬂould be

pointed out that Block Ais- not a c]ear]y aggregated d1str1but1on and only .
two c]usters (defined by CLUSTAN and carefully observed in the§f1e]d) were .
racceptedsunder the criteria discussed above‘ The East ha]f of Block C was

not analyzed (s1nce it s random]y d1str1buted)
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CHAPTER 1X.
ANALYSTS OF SPATTAL ARTIFACT CLUISTERS
The tirst three gquestions posed in the analytical framework
cited earlier can now be answered. There were:
Too Ave the distributions of artifacts in excavation taits voidom?

J. Itartitact distributions in excavation units are not randoni,
how can we characterize these distributions?

3. It artifact distributions are significantly patterned in the
direction of aggregation (i.e., ther are clustered or ¢lumped).
can spatially discrete artifact ¢lusters be segregated?

For thé most part, finished artifact distributions are contagious.

This is true of Block B, the West 11f of Bl ck C, and Block ©. Blos

B exhibits moderately intense - “tterning. and randomness is approached in
higher order neighbours. That is. aggregates i this contagious dis-
tribution appear to be randomly dispers=d. Recalling the >sults of

the Clark and Evan's Lype te.t and ana .is ¢ the unaltered distribution,
it is possible that ayyregates .ond to occur more reqularly spaced than
expected. The West half of Bloct C is mar:ed by somewhat weaker pat-
terniné. Again, higher Ofder neighbours are randomly dispersed, sug-
gesting that there is no significant patterning of the aggregates them-
selves. Patterning is particularly tense in Block D. The large num-
ber of artiiitts in D2 (and consequently, *“he large numb: - of smél1
neighbour distances) actually obscures the :-terpretatic patfern
grain by order neighbour statistics. However, the three cliusters present
seém quite well spaced.

Order neighbour analysis of the East half of Block C reveals that

there is no significant departure from randomness. Similarly, the first

85
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fewr order neiahbours in Block A ave vandomly distributed, and the
Femaining order neighbours are agareaated.  Neither ot these units were
cuitable tor an attempt to define a series ot spatial artifact clustors
(although two dense clusters were acceptoed tor Block A).
Total artitact distributions, as analy.ed by mean square biock
anal i~ and density contouring, show intense patterning in all block
TS hoth finished and total artifact distributions, the “»ch-
x 05 suggest a tine-grained pattern with scale on the order
. f bv one half square meters to ore by one square meter. fhuso
cha. acteristics of the artitact distribution permitted the taxometric
definition of spatial clusters and it is now possible to proceed to a
more detailed analysis of these entitins.

Analysis of Spatial Clusters

The ideal course of action a jurcture would be to further sub-
divide the clusters defined ir .o roughly synchronous components. In other
words . the normal chronelogical ‘oncerns of archaeclogy can be a by-
pro~uct of this type of analysis. It would be possible, theovetically,

“c speak of a "Middle Taltheilei assemblage" which had been derived from
clusters tagged\wifh Middle Ta}theilei diagnostits. This "tagging" might
be nf a more indirect nature: a large enough sample of directly tagged
clusters night permit the recogniticn of other regularities in the tagged
clusters. These regularities could identi”y untagged clusteré‘ Unfort-
urately, this discussion must remain in the realm o%-conjecture for the
present. The sample obtained is too small to attempt distinctions as

fine as these. What is more. the data base is “urther reduced by fhe prob-
lem of random distributions and the possibility of ¢ uster overlap and

artifact disturbance.



+

e thivo2er projectile points recovered during the excavation o

bloct units were distribated in the “ollowing tashion., More precise

by Tocical comparisons ot the specimens o scribed below have been made
previously (Cnapoo TV T P977) . Three projectile points occurred in
Block A: the *sal portion of a stemmed point omparable to MacKensie

Comples amd Windy Point Complex materials (suggesting dates of ca. 300 B.C.
o ALDLD 5000, the base of @ corner or <ide-notched point probably of Lat;
Taltheiled (A.Dl,ﬁOO to Ao 1750) affinity, and a basallv flared lance-
olate point of Timited diagnostic value. In each case, the SPeC . en 14
comparatively isolated from other fini ed artifacts. - Therefore. no
clusters are tagged and at least two time periods seem to be representod.
The diagnostics recovéred tfrom Block B are clearly associated Qith
spatia] artifact clusters. (The reader is referred to Table 14 for a
summary ot the artifact nmposition of each of the clusters described
below.) A distinctive, square-based lanceolate point, which compares
faborably with * '~ Middle Taltheilei (A.D. 150 to A.D. 600) specimens
Gordon (1976) describes, is'noted in B2. Cluster Bl contains a uart:ite
core distinguighed by globular spots of a white impurity. Thic feature
uncommon at th- “aglenest Portage site, and since associated debitage and
other finished _ools in both clusters share this impurity, it is suggested’
that fhese two clusters are ﬁemporari]y related. Two highly similar side-
notched projectiles and the base of a notched point are noted for cluster
B5. Again, Late Taltheilei (A.D. 800 to A.D. 1750) affinities are sugg-
ested. It seems likely that three of the spatial clusters in Block B
(BT and B2 on the one hand and B5 on the dther), belong to different time
periods.

Projectile points recovered in the West half of Block C are also



assoctated with <patial crosters. A black chert side-notohed @oecimen
and a basally traamented but notched quartsite speciinen wer> recovered
from cluster €30 Late Taltheiled affinities are most Tikeiy. Black
chert debitage was common in the deneral area and some finished artitacts
in cluster Cd were of black chert. There ig some indication. then, that
3 aad Cd are temporally related. A single bdsa1i§ flared specimen came
from C5.  Tentative comparisons have been made with a Karpinskv site speoc-
imen (X.U. 880).  No temporally diagnostic items were recovered from 8lock
) .

The remaini~g five diagnostics a]G come from the Fast half of Block C,
an area 5arked by a random distribution of finished artifacts. Four of
these ‘f1agnostics are strongly reminiscent of the Frank Channel Complex
(A.D._]300ﬁto A.D. 1500), and the fifth specimen,.another small side—'
notched point, is also Late Taltheilei (A.D. 800.to A.D. 1750). Therefore,
there are grounds for the suggestiqn that all of thé artifacts in the East
half of Biock C are temporally related. Indeed, I am prepared to argue
that all of the diagnostics from Block C in its entirely are broadly con-
temporaneous (i.e., Late Taltheilei).

The comparisons made above substantijate the fact that the 18
spatial clusters defined come from different time periods. Unfortunately,
only four clusters <ve directly tagged with diagnostics, and there is
little point in attempts Lo subdivide clusters into temporally related
"components". However, another useful perspective can be adopted. The
spatial clusters are a sample of archaeological units re]éted to the be-
havioral processes enacted at the Eag1enest Portage site through time.
Seen in this light, it is possible fo<ask if there are regularities ass-

T~

ociated with the Tong term utilization of the site which are manifested in

‘



spatial clusters.  This is a pertinent question in that *he probable eco.
lToccal ortentation of sii e, the o Uln:tdt‘gn 0! j1ﬂh resources ., may
have bee . fairviy coristant. With this ;u"r‘;pzu oeeormind s bowri Do now
attem,t "~ anawer the (inal‘qunxfinn aof the analytical tramework. Ayﬁ
art et types diritorentially avociated in these clusters and are thpﬁo

cluster "ty o8
spatial Asco 10 om0t Artiiact oppes

The ~patial clusters of artafacis dL,lm;LcJ ih th~ lac<t chapter can
now become the gnit N woich the axsq\':{?uh ot artifac: cla- »5
assessed. Normally, chi-square values from . i, 2 contingency bics
could be used to test assogiationi Howéver,’a sample ot 143 ciugters s
too small for this < slication (Mueller-Dumbois and Yilenberq 1975:239-
240). For this data, Corenson's coefficient of similarity. which gives
more welght to matches than does the Jaccard coefficient, ié applied

(Sneath and Sokal 1973:131):

. _ 2a
S TR T O

a

where a representé the number of clusters in Which both of the artifo_t
classes under consideration occur at once, b the number of clusters in
which the first class of artifacts occurs by itself, and c tke number of
clusters in which the second artifact occurs by itself.

A matrix of coefficients of simiTarity‘for'the seven moreicomnon
classes of finished artifacts in the clusters is presented in Table 15.
Only retouched flakes, used f]akes,'and endscrapers -show strong assoc-
iation, although coresf.sp11t pebbles, and large bifaces show some mod-

.erate values. The ordered matrix of Pearson product-moment correlation

coefficients (Sneath and Sokal 1973:138) in Table 16 reveals strong spa-

e
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tial association between endscrapers, used tlakes, Split pebbles . and
large bhitaces.  Weak positives and neqatives Characterize values tor
cores and projectile points.  Pearson product -moment™ yurru]&ijun Co-
etficients can be tested for staniticance by o t-distributed random

variable (Harnett 1975:300) and coetticients <ianiticant o' the 0.0]

Tevel are qrouped in Tahle 1o, Ie spite the fac! that spatial clusters

from different time periods have been Tumped together . the group of art-
ifacts described above appear to be requi rly associated in a highly sig-
nificant fashion.

Taxonomic llﬂﬂl)ﬁii?_ilﬁ,s)atijllqglﬁélfﬂIi

The attempt to discern "nqujarities amongst clusters can take a diff-
erent form. Spatial clusters themselves can be submifted to‘cluéter>
analysis. On1y numbers of artifacts per artifact class were ut111zed
as data, prov1d1nq an idea of the "artifact structure" of each spat1&l
cluster. This phase of analysis is a cursory treatment. A lengthier
attribute Tist, including raw material, data on edge wear pagtern, intra-
cluster dispersion, and so on, would yield a much moré mganingfu] class-
1fication of spatial artifact clusters. Ultimatoly, cluster arilysis |
might lead to. the identification of spatial c]qs;er'”types“ which in turn
might have been generated by particular kinds of behavior.

The 18 spatial ciusters defined‘wefe analyzed with Ward's method in
the CLUSTAN 1C package. Raw data haQe already been presented in Table
i4. A dendrcgram for the Epatia] clustzrs is shown in Figure 31. App-
lication of procedure MODE indicates four modes. ’

Spatial cluster D2 is distinguished at all but the final hierar-
chical level. As discussed in the next section, this dense cdn;enérati@p

of\large flakes and finished artifacts was unique at HkPa 4. B2\and C6
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Fiaure 31. A dendrogram from the cl.:ter analysis
structure of 18 spatial clusters defined at HkPa 4.
applied in the CLUSTAN package was utilized.

of the artifact
Ward's method as



seem to be distinquished by the presence of single spall tool- 0 eadt

1,
white B and C3 each have a hammerstone. 1o the e ver . spatial
L]H\TUF\.VI and 0 both hd\t"a‘\n¥;;h bone toot, and « has two obblo
tools The vecaaning “on Clusters are dominated Dy the o titacts ISICARARH
Shong ospatial correlatio mongst themselves s 1otouched flakes . end-
sarapersoused P Lo 0oap Tt o pebblec s and Tarage bitaces.

b %;ND G tosagnat o ance dsoactached to the classitication ot this
S}B\\L‘1\\§‘1vw1;\le‘. proancipally because 0 nany coincluded att cibutes wougld

.hé u.o;u], Nevert. o eless, the depdrogvam in Foooare 27 has ane  her inter -

;ﬁfinﬂ aspect The artitact structure ot each cluster docs provide ciues

to the priv oy functioral arientation ot each clustes. for example, a

cluster consisting exclusively of cores, hammer<tones, anvils. and sphit
pebbles indicates a primary emphasis upon lithic manufacture. A cl.ster
consisting solely of endscrapers seems oriented towards other activities
(su:h as woodworking or hide proparation). Naturallv, admixture of arti-
fact C]assés 1s the common state of affairs. Using Table 14 as a quide,
Clusters exh ting lithic manufacture as opposed to other activity
clusters are segregated in figure 31. Clusters Al, B3, B3, CI, C2, C4.
C5, ¢/, C8 and D3 are‘dominated by classes of tools not associated with
Titnic manufacture. Clusters A2, B1, B2, B4, (3, C6, D1 and D2 show an
admixture of nonmanufacturing and manufacturing tool classes (cores.
split pebbles, hammerstones). There%orc, the classification obtained
does 1ndicate a dichotomy in cjuster function.

Spatial Clusterc and Generative Processes

Artifact distributions reflect not so much "fossilized" .scial sys-
tems es the unique combination of “iophysical and cultural processes

active in the deposition of disc. -~~d and lost tools. To an understanc-
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G ol prehistorie behaviour o these proce ces are of Littie an’ o
Taterost e themaelve:, hey oL however, efte P avely obaoure Che
drondeologra b e et ion ot e s tor e SO0 To- e HolkTy et t v L
et et s S hen s ae arve anteroated an the ostopt o owhio b
et tedtur o0 I T TP ot {above and bey g e
drvposal oot material IR e For 0 e et o an s
drtitact redtattonshps at g re e o, Lt ten o
artitact clusters equate wi'n the yogn Coepedtent iy eadugoe ot
by Sets from o activat e

Tooinvestigate thv“rnla?'mnwhin heotooen spasial v tore and mee

substantive Soctdal and economic processes . a4 spatial snalvsls can em-

phasize the use ot correlation and association matrices. With this use

in mind, Speth and Johnson (19760 have suagested several general types of

spatial

£

patterns the archaeclogist can expect to encoe nteor:

Dispersed activity areas are the scene of single activities and
aroups of related activities corresponding to artitact dis-
tributions which are partitioned i1nto spatially distinct units

or loci.

Agglomerated activity areas are marked by limited sicatial dis-
persion of artifacts and a higher deqree ot distributional
overlap within a more intensely used 1-cation.

Agglomerated disposal areas result from the collection of arti-

facts through sweeping or dumpinc into relatively compact refuse
areas.

Agglomerated storage areas occur when items used in a wide range
of activities are stored together at loci such as residence
units, but are abandoned prior to use.

Scattered cZisposal areas arise if artifacts are hapnazardly
tosser beyond the area o* intense activity. Some sorting on the
basis ot si1ze might occur.

<Admixtures 0° *hese varicus natterns are *0 be expected, pro-

bably 3u‘te commonlv. ‘Speth and Johnson 1976:50-52).
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Pady In the g Cd e act by s could the aron

olvaroat e cont o fer hat the wpatiaal assocat,on of ditteren? oo 0 e
ATREUR IS EEY N A A T K S N Coeoat the tunc fion. elatronship onee o bane
Cotween chet A doren] ot o domne b by s treng posatives an
TrONG e Lo dves oy e ot Cacn ot Che aaaglomerated Crornys woen b
beevooc 8 vieng o with aime st exc lusively positive valum
ST, T more tha ane fope ttrerning apptears inoa o doatribution,

At act pooling ocours Ina tashion that makes o tempts to ol luminate
the tnctiona’ relationshin between artitacts »osleading  inid. ).
Fooan be aprasped dmmediately that the interoretation or spatial

.

gatterning Srorm orealation matrices is at b ot hazardous. So Small a

T
!

matrivoas the one r2conted in Table 15 i< hardly amenable to a r\qogrOU'

irteraretation. 1t we were to characterize it, hrwover, the abSence o
strong negatives and DreHcminance ot wedak through strong positives 1m-
dlies some torm of aqulomerated patterning, uniess., of course. the seven
tool tyres testel were not “unctionally specific and occurred at dis-
persed loct anvway. (n point of f2_t, Speth and Johnsor (1976) list 2
host of *echnical problems in the use of'éorrelatian cretiicients,

among then, 0-7 cells (discussed below: ., variation in tre frequency ot
items pe- cel | zttenuation, and sampling error. The reader is "9?err?d
o thfS.WOfk 37 a cempiete discussion,

On the other hand. direc* spatial analysis of stt*ibutions and
their characteristizs has a numbe~ of positive techriral advantages. fHe"
primary advantage is the fact that the distributizn is the study *oDic,
and there is no need to infer a spatial pattern frem & matrix. Other
Cifficulties are avoided. 0-0 cells refer 10 grid units in which neither

of the artifact classes under consideration occur (Speth and Johnson



19/76:38-40).  As the proportion of 0-0 cells in a sample increases, cor-
relation coetiicients can be transtormed in value radically. The ettect
of 0-0 ohservations is closely rvelated to the size ot the grid units
employed:; altering grid unit sice will alter the proportion of 0-0 cells.
Making the spatial cluster the unit of correlation provides some control
over this problem . Here. the proportion of 0-0 observations is a tanyi-
ble characteristic of the distribution, one tha is not modified by the
extraneous factor of grid size. 0-0 observations allow recognition of
real variability in the compostion of an archaeological entity, the
spatial cluster of artifacts.

~The phenomenon of 0-0 cells is only part of a larger problem arch-
aeologists consistently ignore. [Excavation a]ﬁbst always makes use o%
grid units (traditionally one meter or five foot squares). VYet, the
effect of the size of the grid units upon the spatial association of
artifac., and the variance between unitsiis seldom considered. Needless
to say, for a given scale of pattern, increasing grid unit size can
change a strong negative correlation into a strbng pbsitive cérre]ation.
If the actual unit of association is the sgﬁtia1 cluster of artifacts,
the techniques presented here are capable o% defining that cluster at a
good approximation of its true size (as long as it is not larger than the
sample unit itself). Association is then tied to the reality of'the
spatial cluster, and not to the transient phenomenon of grid unit size.
Some understanding of the scale of patterning in art{fact distributions
is critical to the choice of an appropriate excavation u61t when Targe
block units are not emp]oyéd.

Since only a few artifacts occur with sufficient frequency to be

used in correlation matrices and since severe methodological and theo-
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ari§d1 f]dwé drastically influence that approach, we turn to the
intormation that can be gleaned from the direct analysis of artifact
distributions. Distinctions based on the artifact structure of each
cluster were discussed in the last section. Spat. . cluster DZ in

Block D is unequivocallv separated from the other clusters in Figure 31.
This dense cluster of 74 finished artifacts and some 270 other large
flakes and fragments is unique. The ratio of debitage finished arti-
facts (Fough]y d4:1) stands in direct contrast to fhat of the entire site
(22:1). More tool types than usual are represented. Materiais that are
comparatively rare, Beaver Creek Quarry quartzite (roughly 5% over the
whole site) and black chert (roughly 3°), are present in unusually high
‘quantitieé (21. and 6" respe;tive]y). Taken together, these facts make
it reasonable to propose that D2 is an artifact storage area--either an
unrecovered cache, or a complete grbup of értifacts accidently lost in
some other way.

The vicinity of the siteﬁ;h which Block D is located is noteworthy.

The three finished artifact clusters coincide with debitage concentra-
tions, but there is comparétfve1y 1itt1e debitage. The last 17 meters
of Transect I, which runs through the area, Fhow an all artifact to
Tinished artifact ratio of 3:1. Within Ble .. this ratio is 6:1.

Suc ' tinctive artifact relationships (hig 13 discfete clusters with™
iow debitage content) warrant the specuTation that thié microgeographic
area of the site was utilized differently. In that Block D is situated
at the head of the narrow rocky stream running past the site, thé first
practical upstream location for weir building, a focus on fish process-

ing may be suggested. This would be an instance of greater task orien-

tation as opposed to lithic manufacture.
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By and large, powever, finished artifacts do show a strong associ-
ation with debitage concentrations. This suggests an intimate re- |
lationship betwéen Tithic manufacturé and cluster formation and less
émphasis on nonmanufacturing tasks by themselves (hutchérinq for example).
Making this conclusion seems to negate the segregation of activity vs.
1ithic manufacture clusters arqued for earliier. However, the concen-
trations of retouch flakes and bifacial thinnihg f]ékes comm n at HkPa 4
probably reflect debris associated with tool @gintehance during»use. The
interrelationship between lithic technology and other activities at the
site takes on an added comp]exﬁty. There seems to be an intimate
relationship between both tool fabrication and tool maintenance and
the application of tools in other activities. Further research could
profitably illuminate this distinction by focusing on .the debitage
associated with spatial clusters.

The spatial rFTationship between lithic manufacture and tool use,

I would suggest, implies a fundaménta] tendency towards' expediency

~§A tool use and discard (rather than curation) at the manufacturing 1pcus.
'This can demonstrated with a few examples. Small concentrations of
broxima1 fragments of side-notched project11e points are not unusual.
These aréboften associated with comblete specimens (test pits, B5).

+ Areas 11ke this may indicate loci for Eep1acement of broken points and
‘réhafting. Two irrepérab]y broken side-notched prdject11e points in C3,
associated with similar 11thfc debitage, cores, and a.hammerstone,

‘might very well be present through discard due tovbfeakage at the point
of manﬁfacture; comr eted rstouched flakes and an endscrabér are present
also, however. Sir ar1y,‘\'uster;81 contains a hammerstone and a core

as well as used and rz'~_ned flakes. Even though there are three-spi..



pebbles and one core in A2, the remaining seven artitacts include ond-
scrapers, relouched flakes and a used flake.

I't can be postulated, then, that artifact clusters could be tormed
not only (}um discard during nonmanufacturing tasks, but also from the
simple localization of lithic tool preduction and the subsequent loss or
rejection of artifacts. It Shoulq be noted that many artifacts exhibit
use wear, even if associated with cores and hammerstones: this is t;ken }
as evidence that clusters are not wholly formed as the result of manu-
facturinq procedures. I suggest that loci for tool manufacture and
tool use largely correspond at the Eaglenest Portage site.

[t is clear that spatial clusters Connected with artifact storage
and manufacture are present. Perhaps dispersed activit} areas assoc-
iated with fhe debitage resulting from manufacture generated most clu-
sters. This assertion reqnires.further research. Certainly the co-
varience of nonrandomly distributed artifacts is not a straightforwahd
proof of functional compatibility or relatedness. Association or corr-
elation might be re]ated/edua]]y to storage and transport practices or
manufacturing techniques. Thus, the archaeologist is not afforded a

clear view of higher order social processes.

Spatial Artifact Cluster Dispersion

The dispersal of spatial artifact clusters themselves opens the
way 'to interesting problems and warrants speculation. The same under-
lying assumptions concerning regu]ariﬁies-in site use through time can
be made. . Patterning in the distribution of clusters could take two forms.
THe small scale aggregation fhat has been noted suggests to me that spa-
tial artifact c]usteré Share syétematic-cofrespondences with basic-uhits

of activity once carried out at the Eaglenest Portage site. The dis-



tribution of clusters has special rufefonvo to the organization of these
activities. [t tho patterning of clusters is compound--tor example,

it the clusters themselves are agyreqgated--the nature of this pattern
Can reveal aspects of the socio-economic organization of qroups once
exploiting the site. To be more specific, compound patterning mi b
provide evidence related to the composifﬁon and size of the groups ox-
p]oitinq the site and the duration and season of occupation. At a
larger scale, differences in the spectrum of compound patterning found
at the site might constitute evidence for the diffefentia] use of var-
ious microgeographical areas.

‘Given that the Beaver Indie vide a useful model 1n'this in-
stance,'ﬁhere are several expec for spatially patterned acti-
vity>at HkPa 4. Ridington (1968:32-33) posits a seasonal cycle of agg-
regation and dispersion of Beaver bands. | have suggested that a likely
ecological strategy for Ehe use of HkPa 4 would be the exploitation of
spring fish runs followed by the hunting of dfspersed big game mammals
on the up]ands. A summer congregation of the wutdunne (local band)
would have been Déssib]é at this site, and several family units (befhaps

30 or more persqons) may have gathered (ibid. :41). A]fernatiye]y, if

winter dccupation (as an emergency résort to fish lakes) were the case,
a small family Qnit might.have been present at the site. With thisj
scenario, summer occubation should be mafked by the creation of spa-
tial clusters over an extensive area, while winter occupations might
Ccreate sma]]er, dispersed habitation areas. This tells us)comparative—
1y little about the patterning within.an area ofvsunmér or winter occ-
upation; 'Two‘bossjbilities are envisaged. The summer-oriented re-

searcher often finds it easy to forget the constraints that the severe

A

A
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winter cold of northern biomes mwoses upon human behavior. It seems
" reasonable to suggest that winter activities would tend to ayglomerate
in and around available shelter, u- a1ly a tipi (Goddard 1916:210).
Larde aggregates or contagiously distributed clusters arc predicted
for areas of winter occupation. Summer camping would require less in
the way of shelter--simple brush lean-to structures were fashioned in
temporary camps.(jgig,)e—and‘activities could be performed conven-
iently at dispersed loci. In areas of summer occupation, well-spaced
artifact clusters are predicted.

The tendency towards uniform patterning in higher order neighbours
in Block B‘suggests that spatié] artifact clusters are farther apart
thae would be expected under the hypothesis of randomness.‘ Rendomness
is observed for higher order neighbours in the West half of Block C, and
the three artifact clusters in Block D appear well spaced. Patterning
in these units might therefdre be interpreted as evidence of spring or
summer occupation. The East ha]f‘ef Block C, on the other hand, could
be a 1arge synchronous aggregate indicative of winter occupation. Diag-
nostics confirm at least rough synchroneity. The same conclusion might
be reached for Block A.

The difficulties with this discussion ;hould by now be manifest.
They do bear'emphasis. No temporal distinctions have been made between
clusters. This is clearly an error in Block A and,B1ock B where diff-
erent time periods are represented. ’In the case o% Block B, the error
is not serious. It means that temporally Telated clusters in that area
were actually even farther qpart. However, the poténtia] for_error is

great; to discriminate cluster patterning, temporal control is a necess-

ity. , ‘ .



Different patterns of clusters controlled by ditferent or chdngingy
variables (e.q. season of occupation) could be "overlaid” time and again
at HkPa 4. The resultant cumulative patiern probably has Tittle refer-
ence to the original processes of clustér) dispersal. [t is thus imposs-
ible to speak of reqularities in the distribution,gf spatial clusters
through time without tembora] control. In Figure 32, an aggregated
pattern of clusters was drawn upon a reqgular pattern in such a way‘as to
create an aggregated pattern overall. This hypotheticé] situation has
an analog in Eﬁe event that dif%erent kinds -of spatial organization of
activity are represented in the two millenia of prehistory at HkPa 4.
Figure 32 also draws attention to the smallness of the excavation units
employed. I believe I have only effectively detected a single small
scale of pattern. Excavation blocks provide but a glimpse of pattern-
ing'oyer large areas.

No specific reference to cluster functicn ha been made. The dis-
persion of clusters used for storage has one impiication °nd the dis-
persal of clusters from activity areas has another. 7~ en if most clu-
Sters pertaiﬁ to activity areas, proxemic behavi..r cou:¢ exert an im-
portant influence. What if interpersonatl inte}acfions were way: wide-
ly spaced? Goddard (1916:221-222) does note some patterns of oc’-
'avoidanceAamong the Beaver. The dist}ibution of artifact clusiz

.

:might always be highly dispersed, winter or summer. This situat ..
would contrast with the agglomerated camps and closer gpacing behavaU"
evident amongst the South African Bushmen (Wiessner 1974). /

If is my firﬁ conviction that sampling units 4 to 8 times the éiie

of those in use, as well as as a means for discerning the temporal rela-

tionships of all (or at 1éast the great majority) of the clusters-in-
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volved, are necessary adjuncts of any attempt to relate the spatial pat-

A, . . . . . :
terning of clusters to socio-economic organization. These provisos

-

caE:SQ at least partially met with adequate research design, and n
/" = .

o
/

A ; '
that cas®e thRNchaeologist does have access to some evidence per-

tinent to thesdMiore fascinating topics. Tthe fundamental complexity

of the processes contributing to the archaeological record must never

be underestimated, however.




CHAPTER X,

CONCLUSTONS
Formation ot the Archacoloygical Record at HkPa 4@
several cultiral and ecological features external to the spatial

analysis are ot general “import to the archaeological record. Given the
current status of research conducted in northeastern Alberta, we can
tentatively identify the following broad scale processes operative in
the history of the site:

1. The Beaver Indians are the probable prehistoric inhabitants
of the study area during the recent occupation of the site.

2o Site location suggests an emphasis on a fish resource. Modern
ecological evidence favours spring occupations associated with
fish spawns followed by summer huntina of moose, woodland

bison, and woodland caribou. Other exploitative strategies
cannot be ru  out.

- 3. Natural disturbance of artifacts likely does not contribute
to significant horizontal artifact movemen:. ‘

4. Typologiral comparisons of diagnostic artifacts indicate that-

a. Wh}ie there is no cultural or natural Stratigraphy,
HkPa 4 is a multicomponent site and at least 2,000
years of prehistory is represented.

b. Contemporaneous or chronologically.separated utilization
of the site by Plains affiliated groups cannot be sub-
stantiated on the basis of current evidence.

With specific reference to hypotheses advanced earlier, order neigh-
bour analysis of the finished artifact distribution in Block A reveals a
slight tendency towards aggregation only in the fifth through tenth near-
est neighbours. The distribution is not clearly aggregated and no con-
certed effort to form spatial clusters is made. This unusual result for
order neighbour analysis can proba .y be attributed to small sample unit

size. Artifact density (for both finished artifacts and debitage) is high

-and cluster oVer]ap is strongly suspected. Although diagnostics do not
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appear to be associated with any tinished artitact concentrations (in-
cluding the two dense clusters which were accepted), the presence ot a
Mackenzie or Windy Point Complex stemmed specimen and the base ot a side-
notched point suggests that cluster overlap is likely diachronic.

Artitact distribution in Rlock B is nonrandom and exhibits strong-
ly aggreqated patterning. tinished and overall artifact density is.muah
lower than in Block A, and spatial clusters are discrete. The clusters
themselves are either randomly or reqularly distributed, although this
item of data is of limited use since both Middle and Late Taltheilei time
periods are represented in three of the five clusters defined. In th%s
sense, spatial clusters are isolo*ed.

The artifact distribution in the fast and West halves of Block C
appears to be different, and order neighbour analysis confirms this. The
East half shows no significant batterning; the diagnostics recovered are
contemporaneous and sugges: the Late Taltheilei period (in particular,
the Frank Channel Complex). No attempt to form spatial c]usfers is made.

On the other hand, the West half of the distribution is weakly to mod-
erately aggregat-=" and 8 spatial.clusters are defined. Diaonostics
indicate broad co- -mporaneity (Late Taltheilei), a1though.1t is doubt-
ful if more precis Achroneity exists. Clusters appear to be random-
ly distributed. In aTT of‘B1ock C, overall and finished artifact den-
sity is high, although not quite as'high as in Block A.

Block D shows intense clumping, with highly discrete spatial clu-
sters. Unfortunately, no diagnostics were recovered, and the temporal
re]ationship between the three c]usters_ﬁs not clear. Clusters appear
well spaced. With the exception of the D2 area, overall artifact den-

sity in Block D and the surrounding area is very low.
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In summary, tor the mapority o the sample, soall scael disorete
Clusters arve detected by spatial analysig. Block A ds an instance of
possible drachronic cluster overlap and the tast halt ot Block U appears
to be a lTarge synchronous agaredate.  In generval . there is a tendency
towards the random or reqular dispersal ot cluscers.  Within the 1o
spattal clusters described above, endsvapers, retouched tlakes, used
tlakes, split pebbles, and Targe bifaces are reqularly and signiticantly
assoctated. Progectile points and cores do not show strond negative
Or positive association. At the same Lime, an examination of the artitact
structure of these clusters suggests the existence ot storage, lithic
‘manufacturinq, and other activity oriented cluster types.

It is clear that the distribution of artifacts on the site is
Sjgnificant1y structured. It 1s tne assertion of this thesis that
organi-ed human behavior created the nonrandomness observed in these
distrivutions, ang [ believe the patterning which has been demonsirated
shares systematic correépondences with extinct generative processes.

That 1s not to say‘that direct relationships between the archaeological
récord and group maintenance or ecologically extractive tasks are avail-
able for analysis. Neverthéless, the gmall scale aggregation noted
allows the interpretation of spatial artifact clusters from the perspec-
tive of basic episodes of activity once carried out at HkPa 4.

Intuitively, my impression of the archaeological literature concern-
ing activity sets and activity areas is one in which the researcher at-
tempts to reconstruct tool kits for what I have. termed "other activity
oriented tasks". The small scale of c]ustering} the artifact structure
0of clusters, and the interrelationship between finished artifact c]ustérs

and debitage suggest to me that the procedures of lithic manufacture



plaved o mmportant role an the spatial structuring of artitact Jiati-
bution. ool fabvicatyon and maintenance may have been the crue dal

denerative processes Teading to the, nonrandom di-tribut ion: preaent . oeven
though other anashed artitac i oo tated with clusters appedr to have
been used.

oha e araued that the problem ot small sample unat \\f& and tne
Tack of control over the Itﬂﬂiw)!\ij 5Q|1d tunctional ddentity ot clusters
obscures the archaeologist's conceptualization of prehistoric socio-
econumic ordganization.  Because ot these constraints, 1L 15 necessary to
speculate that the spacing Q? clusters may indicate more frequent sunmer
occupatio of tne sdite.  Un ethnographic grounds. thi. suggests the
presence of larger bands at the site. The large aggregate in the Last
halt of Block C may be more indicative of winter occupation by a smaller
family unit.

Aith respece® to the nature of the assemblage recovered, finished
artifacts are dominated by rudimentarx flake tools such as used and
retouched flakes. The abundance of used flakes, retouched flakes, end-
scrapers. and split pebbles, plus the faét that these artifacts "structure"
the djstribution, lec”s me to conclude that they are expediently produced
and d°scarded.  Somc.nat rarer items in the assemblage, cobble and spall
tools for example, were not necessarily curated. Lower frequencies in
this case could be proportional to the number of these items produced and
used at thé site. Certainly, modern ethnographic evidence from New
Guinea (White 18968) highli 5 the significance of unaltered flake tgols
(which mfght even go undetected archaeologically) in artifact assemblages.

“Particvlarly if the occupation of the site has been associated through

time with the exploitation of a fish resource, a very simple flake technol-



ogy would be more than adequate.

The reqular spatial association of weveral artifact classes an the
chronologicaily “Tumped'™ sample ot clusters amplies genuine consisbendy
n o bhasic T1thie technology.  White this teature might be related to
exploitative strategies specitic to HEDs 30 1 teel that consistency
through tie 16 of broader stanitican northern Alberta archeecoiogy.
How much change in 1ithic technology is manitested in artitact avenblades

trom tnis reqgion over the fast 2,000 vears!

There is no question that the methodology exists to carry oul an

analysis of this type, and that the techniques ot spatial analysis in -

general are read{1y applied to archaeoloc al data. 1 preter to distin-
quish between spatial analysis by more indirect routes, <uch as the
interpretat: 1 ot correlatinn matrices, and the direct stati%tica} charac-
terization of a distribution. 1 have al cc ™ pointed o hat spatial
patterning is inferred from a correlation matrix, and w.  confine my
remarks to the techniques of direct spatial analysis. While the methods
discussed here are adequate, refinements are both possible and desirable.
Order neighbour statistics provide useful information abou* hoth
pattern grain qnd-intensity. The calculations are not prohibitively com-
plex. However, border effect 1s a crucial probiem which mﬁst be solved.
Point rejection me;hods are unsuitable because they distort results, and
the method suggested by Clark and Evans 1s wasteful of data. The addition
of random borders does appear to be a viable alternative, and future
research si uld .be directed at the most satisfactory method of generating

the border. In gensral, I think disiance methods are well suited to the

low density distributions archaeologists often work with. However, order

P10
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neighbour statistics are str o o5t in the consideration ot pattern inten-
sity; information about pattern grain or scale 1s easily obscured by
denser agqregates such as cluster D2.

On the other hand, mean square block analysis has yreat potential in

the study of difterent pattern yrains and patterning in the distribytion

[g0]

of ¢lusters themselves. Unfortunately, interpreting the statistical

significance of mean squares or mean sguare/mean ratios is at best diffi-
cult. A greater number of Targer sample units would allow an evaluation

7 i
of consistency in mean square peaks, the traditional approach in plant

ecology. Perhaps anre time consuming but statistically independent
samples made +-n Jdifferent-sized grids should receive iie serious
consideration. In a recent article, Mead (1974) outlined a fully valid

randomization test based on the .division o. —>ntiguous grid totals into
half totals (thus having théﬁgame format as “=an square block analysis).
This approach definitely merits atteition from arChaeo]ogists dealing
with a small number of sample units.

Research designs permitting the application of both guadrat and

‘istance methods are desirable in that technical and theoretical

strengths can complement each other. Clv- lysis of artifact co-
ordinates i~ 2n unusual application, ar "= perimentation is
necessary to confirm its validityv. Howev. , like m- = EQUare block

analysis and nearest neighbour anzlysis, is an objective tecunique. The
need for objectivity in the interp:.:ation of distributions cannot be
overstressed. The more 1n%ormation acquired about a distribution, the
greater bec0554 the potential for conflicting subjective evaluations. THé
‘use of cluster analysis in this fashion provides ah objective set of rules

. by which artifacts are grouped. This is an essential first step prior to
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any modifications the arch. ~ologist m%qht Judge tovbe necea;ary.

Spatial analysis doe. not greatly tax archaeological field method-
ology. As discussed in Chapter V, a different sampling strategqy is often
required. However, excavation techniques need not be altered radically.

It has been my experience that all artifact proveniences are frequently
recorded by archaeologists. It secems to .me that spatial analysis has the
capability of answering many of the more interesting questions archaeolo-
‘gists ask themselves. Too often, a great deal of information about horizon-
tal distribution is collected and~left unused. While the intent to provide
records useful to future workers is laudable, the techniques are at hand to
utilizZe this data now, and their arplication should be commonplace. |

A
sample Size and Sample Units

The éma11ness of both sample size and sample units has had an
important bearing upon the results I have presented. -This is a reflection
of practical cbntingencies and does not 1mb]y shortcomings 1in the general
aims of the research design proposed here, except in that a large sample
nis required to fully test the hypotheses presented. Only four excavation
units were cohpleted. Although it is hoped that decisions concerning the
location of excavation units makes the sample represente . the samplinmg
strategy was nonprobabilistic. A higher sampling intensity of randomly
selected units would improve the accuracy of the.samp1e. |

| As T have ncted, areas with high densities of aftifacts arc prone to’
the effects of c]gster overlap and natural dfsturbance. The data base
available for analysis is inevitably further rgduced (by roughly a third”
%n_this case) by these comp]icdtions. .In addition, only four diaghostica]]y
tagged é]usters are present. Projectile points are not overly common (I

am not willing to concede this is simply the result of curation) at the
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. v
fFaglenest Portage site, and there ig a measure of uncertainty in locating
them (as a matter of chance) which tLrther reduces the number of chrono-
logically places clusters. | |

In this way, the'sma11 sample size hinderé the final stages of analy-
sis. Taxonomic analysis of clusters and thé analysis of association within
clusters actually pertains to régu]aritieE in site use over a considérablc
pe}iod of time. As mentioned previously, a large sample of directly
tagged clusters ultimately might permit the recognition of stylistic and
technological attributes which are also temporally sensitive and could
date clu 's in the absence of diagnostics. Even if this proved im-.
possible, the weak negative and positive correlation coefficient values
for projectile poinfs hints that a large sample of'direct1y tagged clusters
from a given time period‘might be informative in terms of our knowledge
of associated finished artifacts.

On another 7eve1,.there does seém to bé evidencé for different
cluster functioﬁ&. Some types of.clusters, for example, storage areas
such as D2, are not especially informative abou. the functional associ-
ation of artffdtt classes or the dispersion of actiVity areés over the
'site. Again, a larger sample might be subdivided into categofies suéh as
“activity sets" prior té subsequent phaseé of analysis (e.g., spatia}
associe of tool c]aéses). .

It was recognized from the beginning.that the éxcavatjon units were
rather small «..d were capable of detecting only small scale patterning.
This is whj‘l have referred to acquiring a "glimpse" of the spatia] organi-
zation of artifacts.at HkPa 4. Although interpretation is somewhat specu-
lative, large scg]es of patterning do appear to be present; '4be 4 meter

units are inadequate, and 4 by 8 meter units are darely suitable. 8 by 8
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and 16 by 16 meter units wjl] pfovide a better conceptualization of
multiple scales of patterning. This in turn would yield data pertinent
to the reconstruction of social o%ganization and the differential use
of various ;itv urvds.

Implications for Future Re urch

The basic approach in thiz study has concernea the identification
of séatial]y discrete loci for finished artifacts. This has a number of
advantéges and diéad&antages for not only Boreal ‘Forest arcthéjogy, but .
archaeo]dgy in general . The approach yilelds a middle level arcﬁaeo]ogica]
unit or entity, the spatial artifact cluster. A unit of this nature is
of particular archaeological intérest because 1ts attributes can be
conceptuafized in terms of an episode of activity. ’

More specifically, two difficult problems with archaeological data

are avoided. First, whe- the scale of patterning in a distribution is

~
N

unknown, it is difficult to‘se]ect.an appropriéte grid si;e for the anal-
ysis of‘épatia] association, Because the c1u§ter of art?%acts can assume
any size sﬁa]]er than the sampling unit,vthe analysis of spatial associa-
‘tion in clusters does not introduce spurious effecté of 'this type.

Second, the assdmption that all or even most tool classes are functionally
specific h;s not been tested adquate]y (Speth and Johnson 1976:51). The.
correlation matrjx constructed here is dominated by weak and strong
positives, and thjs is some indication that the artifacts involved are not
fask specific. The fundamental problem of factivfty indicators” or
“functional artifc i -ategories" remains a poor}y explored aspect of
érchaeo]ogy (cf.vKrause 1977:292). White (1968) goes so far as to

suggest that the criteria‘archaeo1ogists use to recognize tocl classes,

criteria as basic as size and shape, may not accurately separate tools
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into functional groups. When seen in this light, the spatial analysis
of all finished artifaqts at once still yields primary information
perfinent to spatial structure, while the consideration of individual
artifact classes can fall prey to our poor unaerstanding of artifact
function.

The whole topic of artifact taxonomy necessarily has been ignored,
although the manner in which finished artifacts are classified has impor-
tant implicatjons in spatial analysis. For example, the characfer of
spatial association amongst artifact classes is influenced by the way in
which the assemb]ége is subdivided. The "species" (i.e., artifacts) 5n
the "artifact structure" of clusters are open to question. Finished
artifacts such as rgtouched flakes, endécrapers, hammerstones, and split
pebbles are alluded to in the 1iferature commonly. The defining typolog-
ical features for these c]ésses are, however, a vague combination of tech-
no]ogica],vsty]istic, and functional elements. Ideél]y a study of this
type would beg1n w1%h a systematic formutation of an art1fact taxonomy.
But this very area of archaeo]ogy is also in a state of flux: ‘how and
when do we identify inter-assemblage variabi]ity based upon tradition and
.Style as opposed to activity and function and vice.versa7

An artwfact typo]ogy must be chosen with this quest1on in m1nd In
his descr1pt1on of Yukon Territory art1facts, Morlan (1973:4 42) opts for
a Bord1an approach in which artifact classes cross- cut funCt1ona1 groups.

'Nha11on (1973a) argues that the spatial analysis of artifacts can provide
fundamental confirmation for Binford's "functional" argument. The basic
probTém (unstratified Boreal Forest sites) and the basic premise- (d1screte,
struciured human activity) of this study should draw attention to the

- significance of both approaches in understanding ihtra-assemb]age varia-
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bility. Sackett's (1973:320) reference to functional and stylistic modes
for each artifact has a great deal of merit in the consideration of an
intermediate order archaeological entity, the spatial cluster of artifacts.
Spatial clusters simultaneously express functional and stylistic varia-
bility also and a thorough understanding of heterogeneity in artifact
assemblages from unstratified Boreal Forest sites refies upon both as-
pecté. Unfortunately, I must propose that the material reméins of
techno{pgies once in use at HkPa 4——primari]y lithic artifacts--display

a limited functfona] and stylistic varijability that proves to be an
effective‘handicap in archaeological interpre*ition.

There are significant drawbacks in the research design which [ have
proposed. First among these is the.qugstion of applicability. Although
a general strategy invo}ving'the hbrizonta] segmentation of artifact
distributions seems td be one of the very few avenues by which Boreal
Foreét archaeologists can begin to explain the temporal variability in
artifact assemblages recovered from thinly stratified sftes, thé approach
suggested here emphasizeé conditions unique to HkPa 4. The site 1s.vefy
largé,,but artifact density is, for the most part, low to moderate.
Application at small sites with high artifact density wou1d 1ike]y be of
" limited value. A |

In the same'vein; not every Boreal Forest site should be consideréd
to have substén;ia] time depth. Indéed, the extreme paucity of artifacts
aﬁ haﬁy Boreal Forest sites suggésts that they are synchronic manifesta-
tions of short duration. Since the Boreal Forest has many depositional
processes comparable to othen areas in which stratified sites are common;
the;efféctive absencé of stratigraphy may have cultural antecedents.

That is, site selection criteria and adaptive strategies may lead to this
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situation and not the strict lack Qf geophysical hrocesses. Persistent
reliance on a dispersed, mobile animal 1ike‘the moose could have very
real implications fdr the 1ikelihood of repeated site use. When diver;e
diagnostic artifacts from a site indicate some temporal depth, however,
the assumption of synchroneity dées not follow and it 1is necessary to
explore a]terﬁative approaches such as the one suggested here in order

to make the best use of that data.

There 1is no'apparent solution for the most severe drawbacké in this
type of analysis. In some areas of the site, artifact concentrations are
more intense (as the result of synchronic or diachronic activity), and in
these situations, spatial arkifaqt clusters are not discrete. They over-
lap. Because theré 1S no stfatigraphy which can be used effectively,
these areas are best rejected -from analysis Because of the inherent
di?ficu]t}es in trying to’segﬁént the resultant continuum inVartifact
distribution. At the same.time,da margin of error exists .in the composi-
“tion of the spatia] c]ustérs which have been defined. Unrecognized over-
lap and hatura] disturbance doubtleésly causes fallacious as;ociation of
some artifacts-within clusters. It is equally possible that some 1items
rejected froh clusters(say, on the basis of anomalous depth) really did
belong with the c]ﬁsters from which they were removed.— Not only does
synchroneity remain difficult fo prove, but the exaét content .of d
cluster één be.variab1e.’ |

ConC]uding Remarks

The problem of the stratigraphic compression of chronologically
separated artifact assehb]ages on unstratified Boreal Forest sites is a
thorny one. However, advances in our understanding of the temporal

variability apparent at the sites of this type cannot be forthcoming when



this fundamental ditficultly goes unconsidered. While theiresearch design
: |

N . \
employed suffers from the theoretical weaknesses just citdd, it 1s at

least an effort to cope with a perolexing situation.

To validat . its use, the basic strategy suggested her( could be tested

on componentssknown to be synchronic. In sitoatfons where similar assump-
tions.can be made about generative processes and the naturelof artifact
distributions, the procedure of defining clusters does have sefu
advantages over other approathes The major drawback woutd ontidye to
be cluster over]ap: ca suitable distribution must be typ1f1ed by s%at1a11y
discrete aggregates. This experimentation would provide the ppportiunity
to explore variability in the materje1‘remains from a site wh{1e ho dind
the temporal dimension constant p %ne obverse of that strategy, studbes
aimed at d1scover1ng regu]ar1t1es 1n the utilization of areas of a sjte
through time, has been explored here. The stratified random sampTlin
design suggested in Chapter V would no doubt be a successfu] e]aborat1on
of these objectives.

However, temporal depth greatly 1nf1uences.the large scale patterning
of artifaet distributions under conditions of 1imited stratigraphy. For
| this 1mportant aspect of the archaeological record, 1gnot1ng the %e@pora1
factor is an error. ~The spatia] patterning of clusters is a cumulative
phenomenan. 1 contend that the capacity of this research design to provide
“temporal control on unstrat1f1ed s1tes remains on]y part1a11y tested owing
to small sample size. This is a procedural difficulty with.a'c1ear solu-
tion. [ also posit that patternino in the distribution of spatial clusters
wii] almost certainly be detected with the app]ication of larger sampling

units. If _temporal controls over this patterning can be effected, a more

precise idea of the archaeological manifestations of.social and economic

—~—
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organization at specific paints in time becomes possible.

Although solutions to these problems may not be completely effective,
\ |

L. resolution woild pérm{t progress in two directions. The temporal

. . ) BN ’ _
S dimenson of the archaeological record at many Boreal Forest sites,
| :
particularly data basic to.procesﬁes of cultural change and culture history,

!

will become available for interpr%tation. More importantly, the approacn

suggested here retains the potentfa] for a more refined understandﬁng of
‘ ?

the processes responsible for the formation of the archaeological record.
| :

‘\

|
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APPENDIX A

ARTIFACT DISTRIBUTIONS



Figure 6. Distribution of finished artifacts in Block A, HkPa 4.
Transparency shows density isonomes and indicates concentrations of

" debitage.” The distribution of finished artifacts shows significant
departuyres frow randomness only at higrer order neighbours; tne size .
of this sampling unit is small. Two denser clumps in tne ilorth central
area were accepted as spatial clusters.
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Figire 9. Distribution of finighed:artifacts in Block D, HkPa 4.
Transparency shows density isonomes and indicates concentrations of

debitage.
the unit.

Note the high density area (D2)
Patterning is highly intense.

in the northwest corner of
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Figure 13. Distribution of -all classes of artifacts in Block .D, HkPa 4.
535 artifacts were recovered from this 1o

‘ d2nsity area. As evidenced
by Transect II, which ran through this =z

2 averall artifact density
is extremely low ard the high density ar the northwest corner is
anocmalous.
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APPENDIX B

"MEAN SQUARE BLOCK ANALYSIS GRAPHS
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APPENDIX C
ORDER NEIGHBOUR STATISTICS OUTPUT,

BLOCK B, RANDOM BORDER METHOD
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NEAREST NEIGHBOUR ANALYSIS, RANDOM BORDFER, BLOCK B.
PIRST NEAREST NEIGHBOUOR STATISTICS

NEAREST-NEIGHROUR STATISTICS OF CLARK AND EVANS (1954)

NURBER OF AREA DENSITY EXPECTED MEAN NEAREST
OBSERVATIONS NEIGHYBOUR DISTANCE
u2 32.0000 1.3125 0.4364
{
MEAN NEAREST R STANDARD STANDARD ERROR OF FLAN
REIGHBOUR VARIATE NEAREST NEIGHBOUR DISTANCE
DISTANCE OF A RANDOM DISTRIDUTION
0.2920 " 0.6690 -4.102 0.035

NEARELT NE1GHBOUR STATISTICS PRESENTED BY WHALLON (1974) AND OTHERS

CRI-SQUARE DEGRELS |OF STANDARD VARIATE
FREEDOM
42,574 BU.. | : -3.695
NORFAL APFNOXIMATION 5% CONPIDTNCE WILSON-HILPERTY
(Ci1 -SggAFF/NP - LINITS APPROX1IMATION
T 1.0187 | 1-u308 C1.8413 :
| 2.6369 - 2.6487

|
THE FHI-SOUAHE STANDARD DEVIATE USED 10 TEST POK SIGNIFIZANCE
AT THE 5% CUNPIDEHNCE LEVEL (-1.956 - 1.96) .

SIGNIPICANCE ﬁprD IN THE DIRLCTION OF AGGREGATION

,

5% NOQRMAL CUSVE CUTOFF POINT = 0.6122

N

NUMBER OP POINTS REJECTED 38

CRITICAL BOUNDARY 1.0000 METERS

|



8

NFAREST NEIGHBOUR ANALYSIS; RANDOM BORDER, BLOCK B.
SECOND NEAREST NEIGHBOUR STATISTICS

NEAREST-NEIGHBOUR STATISTICS OF CLAKK AND EVANS (1954)

NONBER OF AREA DENSITY EXPECTED MFAN NEAREST
OBSi RYATIONS NEIGHBOUR DISTANCE

g2 ©32.0000 1.3125 0.6547
MEAN NEARREST R STANDARD STANDARD ERROR OF MEAN
NE1GHBOUR VKRIATE ﬂEABEST NEIGHBOUR DISTANCE
DISTANCE , : OF A RANDONM DISTRIBUTION

0.4952 0.7564 -4.531 . 0.035

NEAREST NEIGHBOUR STATISTICS PRESENTED BY WHRALLON (1974) AND OTHERS

CHI-SQUARE " DEGREES OF STARDARD VARIA&E
PREEDOMN '
114.378 168. -3.178
NORMAL APPROXIMATIOWN: 5% CONFIDENCL ' WILSON-HILFERTY
(CRI-SQUARE/™N) - LIMITS ' . APPROXIMATION
2.7233 "3.1797 3.1904

4.8880 4.8996

?

THE CHI—SQUAHL STANDARD DEVIATE USED TO TEST POR SIGNIFICANCE
AT THE 5% CONFPIDINCE LEVEL (-1.96 -~ 1.96)

SIGNIFPICANCE POUND IN TBE DIRECTION OF AGGREGATION

-

% NORMAL CURVE CUTOPF POINT = ° - 0.9763

KUMBER OF POINTS REJECTED 38
£
CRITICAL BOUNDARY 1.0000° METERS

£

145



146

ol

NEAREST NEIGHBOUR ANALYSIS, RANDOM BORDER, BLOCK B.
THIRD NEAREST NEIGHBOOUR STATISTICS

NEAREST-NEIGHBOUR STATISTICS OF CLARK AND ﬁTANS (1954) : |

NOMBER OF “AREA DENSITY EXPECTED MEAR NEAREST
. OUSERVATIONS : NEIGUIBOUR DISTANCE ’
42 32.0000 1.3125 : 0.8183
MEAN REAREST R STANDARD STANDARD FERROR OF HHﬁN
NEIGHBOUR . VARIATE NEAREST NEIGHBOUR DISTANCE
DISTANCE , OF A RAKRDOM DISTRIBUTION
0.6653 0.8130 -4.346 0.035

NZAREST NEIGHBOUR STATISTICS PRESENTED BY WHALLON (1974) AND OTHBERS

CHI-SQUARE DEGREES OF STANDARD VARIATE
. PREEDOM ‘
188.281 252. -3.022
3
KORMAL APPKOXICATILON 5% CONPIDENCE . WILSOY-HILPERTY
(CHI-SQUARE/N) LIMITS ‘ APPROXIMATION

4.4829 ' 4.9872 : 4.9981
, 7.0804 7.0921

THE CHI-SQUARE STANDARD. DEVIATE USLED TO TEST FOR SIGNIPICANCE
AT THE 5% COVFID”&C/ LEVEL (-1.96 - 1. 96)

SIGNIPICANCE ®OUND IN THE DIRECTION OF AGGREGATION
5% RORKAL CURYE CUTOFFP POINT = 1.1895

NUEBER OP POINTS REJECTED 38

CRITICAL BOUNDARY . 1.0000 METZRS . o



NEAREST NEIGHBQUR ANALYSIS, RANDOM BORDER, BLOCK B.

FPOURTH NEAHREST NBIéHBOUH STATISTICS

-

NEAREST-NEIGHBOUR STATISTICS OF CLARK AND EVANS (195U4)

[¢s R N
RURBER OF ARER DENSITY EXPECTED MEAN NFEAREST

OBSERVATIONS NEIGHBOUR DISTANCE
82 32.0000 1.3125 0.9547
MEAN NEAREST R STANDARD ~ STANDARD ERROR OF MEAN
KEIGHROUR : VARIATE NEAREST NZIGHROUR DISTRNCE
DISTANCE OF A RANDOM DISTRIBUTION
0.7697 0.8062 -5.256 0.035

»

NPAREST NEIGHBOUR STATISTICS PRESENTED BY WHALLON (1974) AND OTHERS

CHI-SQUARE " DEGREES OP STANDARD VARIATE
PREEDOM : .
250.133 336. . =-3.537
KORMAL APPROXIMATION 5¢ CONPIDENCE . WILSON-HILFERTY
(CEI-SQUAREN) - . LIFITS : APPROXIMATION
5.9556 6.8250 . 6.8359

9.2427 ' _ 9.25u2

4

. THE CHI-SQUARE STANDARD DEVIATE USED TO TEST FOR SIGNIFPICANCE
AT THE 5% CONPIDENCL LEVEL (-1.96 - 1.90)

SIGNIFPICANCE POUND IN THE DIRZCTION OF AGGREGATION
5% NORMAL CURVE CUTOFFP POINT = 1.3641

"HUMBER OF POINTS REJECTED 38 4

CHRITICAL BOUNDARY 1.0000 PETERS
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NEAREST NEIGHDZOUR ANALYSIS, RANDOH BORDFR, BLOCK.B.
FPIPTH NEAREST NFIGHBQUR STATISTICS

NEAREST-NFIGUDOUOR STATISTICS OF CLARK AND EVANS (1954)

NUMBER OF AREA DENSITY . EXPECTED MEAN NEARFST
OBSERVATIORS, NEIGHBODR DISTANCE

42 32.€000 1.3125 ©1.0740

. ‘\\

WEAN NEAREST R STANDARD STANDARD EKROR OF MEAN
NEIGHDBOUR VARIATE . NEAREST NRZIGYHBOUR DISTANCY
DISTANCE OF A RANDOM DISTRIBOTION

0.694u 0.8327 -5.103 0.035

NEAREST KEIGIBOUR STATISTICS PRESENTED BY WHALLOY (1974) AND OTHERS

CHI-SQUAERE DEGREES . OF STANDAED VARIATE
FREEDOM
316,161 S w20. -3.760
NOHNAL AFPLOXTMATION 5% CONFPIDENCE WILSON-HILFERTY
(CHI-SCUALL ) LIKITS  AFPROXINATION
7.5753 8.6821 8.6931

11.385% T 11.3971

THE CHI-SQULW® STANDARD DEVIATE USED TO TEST FOR SIGNIFICANCE
AT THE 5% CONFPILENCE LLVEL (—].9b - 1.96) : )

SIGNIPICANCE POUND IN THE DIRECTION OP AGGREGATION o
SX NORMAL CURVE CUTOTF POINT = . 1.4627

RUNBCR OP POINTS REJECTED 38 B '

CRITICAL LOUNDARY 1.0000 METERS



149

NEAREST NEIGHBOUK ANALYSIS, RANDOM BORDER, BLOCK B.
_SIXTH NEAREST NPIGHBOUR STATISTICS

NEAREST-NFIGHBOUR STATISTICS OF CLARK AND EVANS (1954)

NUNBER OF AREA DENSITY EXPECTED MEAN NEAREST
OBSERVATIONS NEXGRBOUR DISTANCE
42’ 32.0000 1.3125 _ 1.1814
MEAN NEAREST R STA*DARD STANDARD FRROK OF MFEAN
NFPIGHBOPR VARIATE NEAREST REZIGHBOUR DISTAN
DISTANCE OF A RANDOM DISTRIBUTI®
. .

1.0126 0.8571 -4.795 "0.035

v ~ o

NEAREST NEIGHBOUK STATISTICS PRESENTED BY WHALLON (1974) ARD . -OTHERS

CHI-SQUARE DEGREES OF STARDARD VARIATE , , R
PREEDOR . S
392.540 504 . -3.7 _ \\\‘\\
NORMAL APPROXIMATION " S% CONFIDENCE " WILSON-HILFLRTY
(CHI-SQUAKE/YN) , LINITS APPROXIMATIO!N
9.3u62 : 10.5529 10.5639
' 13.5147 13.5262

THE CHI-SQUARE STANDARD DEVIATE USED TO TEST FOR SIGNIFPICANCE
AT THE 5% CONPIDENCE LEVEL (-1.96 - 1.96) : -

SIGNIPICANCE FOUND IN THE DIRECTION OF AGGREGATION

5% NORKAL CURVE CUTOPP_POIKT = 1.5546

FANNERY
v

NUMBEX OF POINTS REJECTED " 38

" CRITICAL BOUXNDARY 1.0000 MEZTERS



NRAREST NEIGUBOUR ANALYSIS, RANDOM BORDER, BLOCK B.
SEVENTH NEAREST NEIGHBOUR STATISTICS'

NEAREBST-NEIGHBOUR STATISTICS OFP CLARK AND EVANS (1954)
N — .

NOMBER OF AREA DENSITY EXPECTED MEAN NIAREST

OBSERYATIONS NEIGHYBOUR DISTANCE .
82 32.0000 1.3125 1.2799

MEAN NEAREST - R STANDARD . STANDARD FEPROR OF MERAN

NEIGHROUR ’ VARIATE NI'AREST NEIGHROUX DISTANCE

DISTANCE OF A RANDOY DISTRIBUTION

1.1192 0.8745 -4.564 0.035

NEAREST NEIGHBOUR STATISTICS PRESENTED BY WHALLOR (1974) AND OTHERS

L] E \\\:;‘_‘/’
CYI-SQUARE DEGRE" P STANDARD VARIATE
) PREET
468.216 58, -3.677
NOKMMLL ADPPROXIFATION % CONPIDENCE WILSON-HILPERTY
(CHI-SQUAREM) LIrFITS APPROXIMATION
11.1480 12.4342 12.4452

15.6335 : 15.6449

 THE CHI-SODARE STANDARD DCVIATE USED TO TEST POR SIGRIFPICANCE
AT THE 5% CONFINENCL LLVEL (~1.96 - 1.96) .

SIGNIPICANCE FOUND IN THE DIREZCTION OF AGGREGATION
5% NORMAL CORVE CUTOFF POINT = . 1.6387

NUNMBLR OP POINTS REJECTED 38

CRITICAL BOUNDARY 1.0000 METERS



NEAREST NgIGHﬂOUR ANALYSIS, RANDOM BORDER, BLOCK B.
!

PIGHTH NEAREST NEIGHBOUK STATISTICS

NEAKEST-NKIGHBOUR STATISTICS OF CLARK -AND EVANXNS (1954Y

NOMBER OF AREA DENSITY "EXPFCTL MEAN NEAREST
OBSFRVATIONS NEIGHBOI DISTANCE
92 32.0000 13125 ©1.3713
BBAN NEALLST R STANDARD STANDARD ERROR OF MEAN
NEIGHBOUR VARIATE NEAREST NEIQHBOUR DISTANCE
DISTANCE OFP A RANDON DISTRIBUTION
1.2404 ' 0.9085 -3.718 0.035 .

NEAREST NEIGHBOUR STATISTICS PRESENTED BY WHALLON (197:%) AND OTHERS

CHI-SQUARE DEGREES OF STANDARD VARIATE

FREEDOM
569.261 672. ~2.905
NORMAL APPROXTIMATION . S% CONPIDENCE , WILSON-HILFPERTY
(CHI-SOUAKE/N) . LIMITS APPROXIMATION
13.5538 T 1w.3236 14.3347
17.7440 ’ 17.7554

THE -CHI-SQUARE STANDARD DEVIATE UOSFD TO TEST FOR SIGRIFICANRCE
AT THE 5% CONFPIDINCE LEVEL (~1.96 — 1.96)
. SIGNIFPICANCE POUND IR THE DIRECTION OF AGGREGATION

5< NORMAL COURVE CUTOFP POINT = 1.7748

NUXBER OF POINTS REJECTED 38

CRITICAL BOUNDARY 1.0000 HETERS
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NEAREST NEIGHBOUR ANALYSIS, RANDOM BORDINR, BLOCK 8.
NIKNTH NEAREST NEIGHBOUR STATISTICS
NEAREST-NEIGHROUR STATISTICS OF CLARK AND EVANS (1954)

NOMRER OF ARPA DENSITY . EXPECTED MFAN NEAREST

OBSERVATIONS NEIGUHBOUR DISTANKCE
42 32.0000 1.3125 . 1.4570
MEAN NEAREST R STANDAKD STANDAKD FRROR OP MEAN
NEIGHDOUR ) YARIATE NEAREST NEIGHBOUR DISTANCE
DISTANCE . OF A RANDOM DISTKIBUTION
1.4173 o 0.9727 -1.128 - 0.035

NEAREST NEIGHRBOUR STATISTICS PRESENTED BY WHMALLON (1974) AND OTHERS

CHI-SQUARE DEGREES OF STANDAKD VARTIATE
PEEEDC"™
' 727.592 756 . -0.725
NORMAL APPROXI®ATION " 5% CONPIDFSNCE : WILSOY-~HILFERTY °
(CUI-SQUAHL/H) LIRITS APPROXIﬁATLUN%
17.3230 16.2198 _ 16.2309 .
19.8478 19.8592°

'

THE CHI-SQUAREZ STANDAKD DFVIATE USED TO TEST POR SIGHIFICANCE
AT THE 5% CONPIDENCE LEVEL (=31.96 — 1.96)

NO SIGNIPICANCE OF DPATTERN FPOUND

5% NORMAL CURYE COTOFF POINT = 1.9175

RONBER OP POINTS REJECTYD 38

CRITICAL BOUNDARY 1.0000 METERS
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NPAREST NEIGHROUR ANALYSIS, RANDOM BORDER, BLOCKX B-
TENTH NEAREST NEIGHBOUR STATISTICS ™

NEAREST-NEIGHBOUR STATISTICS OF CLARK AND EVANS (1954)

NUMBER OF AREA DENS[TY EXPECTED MEAN NEAREST
OBSERVATIONS ' . NEIGIDOUR DISTANCE
a2 32.0000 1.3125 ©1.5380
MEAN NEAREST R STANDARD SPANDARD ERROR OF MEAN
NEIGHUOUR VARIATE NEAREST NEICHBOUR DISTANCE
DISTANCE o : OF A RANDOM DISTRIBUTION
1.4836 , 0.9647 -1.544 0.035

NEAREST NEIGHBOUR STATISTICS PRESENTED BY WHALLON (1974) AND OTHERS

CHI-SQUARE DEGREES OF STANDARD VARIATE

PR™EDON
796.988 B40. © -1.051
03MAL AFEROXIMATION 5% CONPIDERCE YILSON-RILPRRTY
(in SOCALE/H) : LIMITS APPROXIMATION
18.9759 18.1216 : =07 '

21.9460 Chadl

THFE CHI-SQUDARE STANDARD DEVIATE USED TO TEST FOR SIGNIPICAHCE
AT THE 5% CONPIDENCp LEVLL {=-1.96 — 1.96)

NO SIGNIPICANCE OF PATTERN FOUND

5% NORMAL CURVE CUTOFF POINT =  2.0051

NUMBER OF POINTS. RBJVCTED 38

CRITICAL BOUNDARY 1. 0000 METERS L

o
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ACCINTID F

" CLUSTAN SCATTER PL.in AND SPATIAL

" CLUSTERS OQUTLINEL. & CONVEX HULLS
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FINISHED RRTIFARCTS, BLOCK R

CLUSTER ANALYSIS.
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. Figure 23. A CLUSTAN scatterplot
Block A, HkPa 4.
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of the finished artifacts in
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BLOCK D

FINISHED ARTIFACTS,

CLUSTER ANALYSIS,
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Figure 26. A CLUSTAN scatterplot-of the finished artifacts in

Block D, HkPa 4.
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BLOCK A

FINISHED ARTIFACTS.

CLUSTER ANARLYSIS,
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Figure 27. Spatial clusters outlined by cohvex hulls, Block A,
HkPa 4. Block A is not clearly aggregated and only clusters
labelled 1 and 10 were accepted.



160

‘¢ "1 P3LL3qe| s433sn|d A|ug v BAH ‘g %ooig

.Umpamuuasmuwz_m pue ‘g ‘¢

“S{LNY x3AUOD Aq PSULIIN0 S483ISN|d |eL]edS

'8¢ 34nb 4

B2

—

NG

g4 Y3078 “S1Jd841144 U3HSINIH4 “SISATUNY mmHmDJ.u..

w0
o -

-




161

pa1dande 10U d48M g pue G pa||age|
S431SN|T b BdH ‘0 40018 40 S[BY 1S3M ‘S| [NY X3AUOD AG.P3UL[INO S433SN|D fetyeds gz @4nbry

€3

)
3

>.

//\
1

'y

2

4718H mex “J MJ078 ‘S1OHd411¥Y 03HSINI4 *SISATTYNY 431SN713



- 162

BLOCK D
\
\

FINISHED ‘ARTIFACTS,

D3

CLUSTER RNALYSIS,

.Figure. 30. 'Spatial clusters outlined by convex hulls, Block D,
HkPa 4. With slight modification, all three clusters were accepted.
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