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ABSTRACT

A review of the ceramic classifications now in use for the

forest regions of central Canada shows archaeologists have emphasized

categorization as the principle on which classes are defined. ln

this study of a sample of ceramic vessels from Southern Indian Lake'

Manitoba, an alternative approach is proposed and implemented. The

sample is investigated for taxonomic correlations of attributes in

categories of morpho'logical and decorative variation. Difficulties

urere encountered resulting from incompleteness of vessel reconstruc-

tion and analys'is distortion caused by logica'l correlation and

almost invariant valuation of some attributes. Cluster ana'lysis

procedures applied to the data were successful in recognizing groups

in both categories of variation, but except in one instance, the

.results were not stable, suggesting additional analysis will be

required to establish the nature of forma'l ceramic variation for

the Late Prehistoric of the region.
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CHAPTER I

INTRODUCTION

In all areas of North America where pottery forms a component

of the archaeological record it has been the subject of intense

study. Brew once said about the American Southwest:

Largely because potsherds are relatively undestructible...
and because they are such sensitive indicators of
time and place, pottery has been described and
analyzed more than al I of the other products of
prehistoric Southwestern arts and crafts put together
(Brew .l946:245).

For the same reasons expressed by Brew, pottery recoveries from the

forest regions of central Canada have been accorded a similar

intensity of study which has resulted in a series of cerarnic classif-

ications used to ascertain geographical and temporal distributions

of prehistoric populations. In more recent years several studies

have appeared (Dawson 
.l973,1977; 

Hlady 1970, 1971) which use pottery

to distinguish among localized semi-autonomous hunting bands. There

has beenr ôS it will be shown in the following chapters, a one-sided

approach in devising the ceramic classifications which forms the basis

for these studies. As a consequence, archaeologists have a biased

understanding of the nature of formal variation in ceramjcs from

these areas.

In this study, an alternative to the conventional approach is

described and implemented using a predominantly Late l,loodland pottery

sample from the southern Indian Lake Region of northern Manitoba.

The main obJective is to ascertain Íf one or more classes of vessels

can be found in recognized categories of formal ceramjc variation.

-1-



Characteristics of vesseÏ morphoìogy and decoration were distinguished

and analyzed independently using various methods of cluster analysis.

These are multivariate mathematical techniques which generate classif-

ications from measures of similarity among objects in a group. They

attempt to operationalize a concept of "natural" classification, which

is discussed in detail in Chapter III.
A number of difficulties were encountered in implementing th'is

objective. Some of these resulted from the fact that no vessels were

whole, and complete restorations have not been possible. Another

source of difficulty arose from a necessity to modify the attribute

lists after the data had been compiled. These problems will be

elaborated upon in discussion of the ana'lysis results.

In outline of the presentation to follouChapter II summarizes

the regional environment and archaeology, and Chapter III analyzes

the conventional approaches to ceramic classification and discusses

an alternative. Details of the sample, data, and analyticat methods

-2-
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the

given in chapter IV. Results and discussion of the analyses and

conclusions occupy Chapters V and VI.



CHAPTER II
SOUTHERN INDIAN LAKE: ENVIRONMENT AND ARCHAEOLOGY

The Southern Indian Lake region (Fig. 1) in north central

Manitoba encompasses over 7000 km2 of the Churchill River watershed

from Leaf Rapids to Missi Falls and includes both Lake 0pachuanau and

Southern Indian Lake. Numerous small streams supplement the 4 major

tributaries which join the churchill as it flows to the northeast.

southern Indian and Opachuanau pool in shallow, narrow ice-scoured

basins gouged from Precambrian Shield bedrock by Pleistocene glaciers.

The mean depth of Southern Indian prior to flooding in 1975 was

approximately 9 m and it attained a maximum depth of 37 m (C'leugh, Ayles

and Baxter 1974). 0pachuanau was slightty shal'lovuer. E'levation of the

lakes was 254 m above sea level and ranged from 256 n in July to 253 m

in February. The combined water area of both lakes was 2000 km2 and

shoreline distance nearìy 3700 km. Before f'looding there were approxi-

mately 1400 islands. Distance by water from Leaf Rapids to the north

end of Southern Indian Lake is almost 200 km, and the lake is 25 km at

l'ts wi'dest point.

The region has a Humid Microthermal Subarctic climate (Trewartha 1954)

which is characterized by long cold winters and short cool summers. Twenty-

two years of weather records kept at Brochet, .l90 
km northeast of Southern

Indian Lake, show a mean annual temperature of -5.loC; January and July

monthly means range from -29.00c to 15.30c respectively (Beke, veldhuis

and Thie 1923:19-23). Mean annual precipitation is 426nm in a summer

dominant pattern. A po'llen diagram taken from Lynn Lake 
.l50 

km west of

Southern Indian Lake (Nichols 1967) suggests that no significant cìimatic

-3-
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change has occurred since deglaciation, although there is evidence of

episodic warming and cooling. l'linter ice forms in sheltered bays about

0ctober 15 and covers the lakes by November 
.l5, although there are a

few places where open water leads remain throughout the entire winter

(Penner 1974). Break-up starts about May 15 and is complete around June .l5.

Geologically the region ljes in the Churchill Province of the

Canadjan Shield (Davies and others 1962). This province is composed of

Precambrian metamorphÍc and metasedÍmentary rocks. 0utcrops consist of

undifferentiated series of gneisses, granites, quartz, and related rocks.

Quartz appears in the regional archaeoìogÍcal sites as the most common raw

material for manufactured lithic tools. The reg'ion was covered by continent-

al glaciers during much of the Pleistocene epoch. During the last advance

the ice front is believed to have been approximately 300 km south of

southern Indian Lake (FaJconer and othens 1965). upon degìaciation,

beginning about 8000 years ago, the basin was inundated by a glacial lake

[Mclnnes 1913; E]son 1967:39). Transformation of this lake, recently

named Glacial Lake Churchill, into the present-day river basin lakes

occurred about 6000 years ago (Ringrose: pers. conrn.). Isostatic rebound

has continued at decreasÍng rates since deglaciation and, as a consequence,

Southern Indian has undergone changes in pool elevations and alterations

of shoreline morphology, which in turn has had an effect on the preservation

of archaeological sites in the reg,r'on (pettipas 1976:63-65).

The reg'ional landscape is generalty low in relief ranging between

250 m and 300 m aÞove sea level (Manitoba Department of Mines, Resources

and Environmental Management 1974). It includes Glacio-fluvial features such

-5-



as eskers and kanes, together with calcareous clay till and lacustrine

clay deposits. Soil deyeïopnent Ìs slfght. Cryic fibrisol, a near

permanently frozen nat of decomposing coarse organic material accumulated

on bedrock or nJ,neral deposits, is the most widespread soil type. Cryic

Iuvisols and brunisolsalso occur [Beke, Ve'ldhuis, and Thie 1973:23-32;

Clayton and others 1977). Brown 0gZO, Fig. t) shows the region to be in

the zone of discontinuous pennafrost.

Two maior forest types are found around Southern Indian Lake (Rowe

1972I. In the south is found the Northern Coniferous forest, dominated

by closed stands of black spruce. The Northwestern Transition, an open

BIack Spruce forest, dominates the north. This latter typg which charac-

teristically incïudes some tundra plant species,represents an ecotone

between the boreal forest and the tundra

0f the 341 vascular plants native to the region (Ritchi e 1962) 21

(Table 1 ) are known to have been used for food by native groups in the

Upper Great Lakes (Yarnell 1964). Anothe, ù (fuUl" 1) had other economic

importance. l,lhethen these plants were utilized prehistorically at Southern

Indian remains to be fully documented. Hanna's (1975) report of the re-

covery of pin cherry seeds in a hearth with Late Woodland ceramics at

SIL 257 can be considered indicative evidence.

Anîmal life is abundant but limited in variety. Modern inventories

and checklists [Nebb 1974, Hecky and Ayt es 1974, ]lrigley pers.. com.)

indicate there are sone 25 species of ducks, swans, geese and loons,3

spec'les of grouse, 7 species of manrnals, ârìd l0 species of fish [Table 2 )

which are edible. The relative abundance of these animals can vary not

-6-



TABLE 1 . Economic plant species of the Southern Indian Lake
region; species after Ritchie (1962); use, season,
and habi tat after Tarnel 1 ['l 964) .

Species Name

Serôpus uaT,idus Great Bulrush

-7 -

CaLtTn pa\ustris

HenacLeum monôtrun

PopuLus
trerruLoides

Common Name Use

Marsh Marigold,
Cowsl ip

Cow Parsnip
Masterwort

Quaking Aspen

Fragaría uiz,gíníana l,li I d Straw-
berry

Tubers-
starch food
Stems-
weavi ng

Edi b] e
greens

Greens &
root food

Sap-syrup
Bark/fi ber-
weav i ng ,
matti ng

Low food
val ue
frui t
Fl owers
Buds

Berri es

Nyntphnea odorata Pond LilY

Season

Maianthetmøn
canoÅ.ense

Ríbes tz,iste

R. hudsoníantnn

R. oryaeanthoides

Rubus puhøseens

Autumn &

early spring
June-July

Late spri ng

Late spring/
early surrmer

Early suruner

Habitat

Shal I ow
protected
Littoral

Damp muskeg

Lake shore

Upìand Success-
ional Forest

Two-Leaved
Solomon's
Seal

Red Currant

Currant

Northern
Gooseberry

Dwarf
Raspberry

Early surûner
(preserv-
abl e)

Summer
June -
September

Surrner

Berri es

Berri es

Berries

Bemies

Dry open
Upl ands

Protected
Li ttoral

C I eari ngs-
Open forest

Forest,
muskeg

Muskeg,
rock slopes

Low ground

Slope &

rocky shores

JuIy-
August

July-
August

July-
August

July-
August



TABLE 1. (continued)

Species Name

Ruþus stæigosis Raspberry

-8-

Pm¿ruæ
pensyLuartica

Vaeeiníum
osaeoeeoS

Gar¿Ltheria
híspiduLa

AretostapltgLos
uua-wsi

Comus canadensis

f,aútgrus paLustrís

Viburyrun eduLe

Etnpet rutn nì,gm,tm

Sagittæia
cuneata

Corunon Name Use

Pin Cherry

Bemies July-
August

Smal l
Cranberry

Creeping
Snowberry

Bearbemy

Dwarf
Cornel

Marsh
Vetchl i ng

Mooseberry

Bl ack
Crowberry

Arrowhead

Season

Berries Ju'ly-
August

Habi tat

Berri es

Berri es

Berri es

Berries

Pea seeds

Berri es

Bemies

Tuber-
food
Dried for
wi nter

Forest fringes
C'leari ngs,
ear'ly fire
successi on

Dry clear-
ings, burns,
openi ngs

Sphagnum
muskeg

Mossy
forest

Exposed rock
sand clearings

Mus keg

Li ttoral
marshes

Forest

August-
wi nter

August-
September

July-
0ctober

August-
0ctober

Late
summer

August-
September

JuJy-
November

Late
Autumn

Ledwn Labrado.t:
groenLanáieum Tea

Leaves- Spring-
Beverage, Autumn
Dye, medicine

Open rock

Protected
I ittoral

Muskeg



TABLE 1. (continued)

Species Name

Anátomedn
gLaucoplzgLLa

Abies baLsønea

-9-

Common Name

Lar'ùæ Laricùta

Pinus banksiqrn

Junipemts eonnn¿nis

Wpfn LatifoLia

Bog
Rosemary

Balsalm Fir

Use

Larch

Jack Pine

Juni per

Cattai I

Leaves-
beverage

Pi tch

Hi,erochLoe
odorata

SaLiæ interior

BetuLa
pøpyrLfera

urtica graeiLis

Season

Spring-
Autumn

Early
Sunmer

Sunrner

Surrner

Sununer

Summer

Roots-
sewi ng

Roots-
sewi ng

Bark-
matti ng

Leaves-
matting
thatch

sewi ng ,
weavi ng

weavi ng

Bark-
canoes,
contai ners

Fi ber-
sewing
twi ne

Habi tat

Sweet Grass

Sandbar
t¡li I l ow

Paper Birch

Muskeg

l'lel I
drai ned
s1 opes

Dry
Upl ands

Dry sandy
up1 ands

Rocky soi I

Marshes

Nettl e

Mid-July-
September

Summer

June-
early July

August-
September

L i ttoral

Sandy
beaches

Stream, lake
muskeg
borders

Damp

cl eari ngs



TABLE 2 . Utitizablê animal species of the
l¡lrigley (pers. comm. ), and Ayles

Resource Species Name

Type

t¡'later Gauia ítnner
Branta cana:

densís
Anas pLaty-

rhtynchns
Anas rubrípes
Anas acuta
Anns carolín-

ensis
Anas discors

Mareca ønerìeana,

SpatuLa cLypeatø
Aythtya eolLaris
AytVtya affinis
BuceplwLa

cLanguLa
Bu.cephaLa aLbeoLa
MeLanitta

degLandi
MeLanitta

perapicilLata
Mengus merganser

Co¡mon Name

Southern Indian Lake region after l,lebb (1974),
and Koshinsky (1974).

Common Loon
Canada Goose

}4allqrd Duck

Black Duck
Pintail Duck
Green-wf nged
Teal
Bl ue-winged
Teal

Food from
meat and eggs

Seasonal i ty

Ameri can
Ì,lidgeon
Shovel er
Ring-necked Duck
Lesser Scaup
Common

Gol deye
Buffel head
l,lhi te-wi nged
Scoter
Surf Scoter

Common

Merganser

Summer and
Fall; slight
increase in
density at
staging for
migration

Locati on

Any sheltered inlet or
shore area; particularly
in the north end of
South Indian Lake

I

o
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TABLE 2 (continued)

Resource Species Name Common Name Use
Type

Lamts atgentatus Heming Gull Eggs Sununer 0pen Lake Islands
Lamts - Bonaparte's

PhiLadeLPhia Gull
Stenrn hírmdo Common Tern

Land Cala.chites Spruce Grouse Meat Year Round Any forest area
canadensis ,

Birds Bonasa wnbeLLus Ruffed Grouse
pedioecetes Sharp-tailed

PhøsianeLLus Grouse

Land Rangifer Barrenground Multiplg: Nov. & early 0pen forestsn northwest
taxandus Caribou Food, clothing Dec. region

shel ter
covers, bone &

Mammals Alees aLces Moose antler tools Year round Throughout regiog (modern
densities 0.S/ni')

Euayetos Black Bear Food, Throughout region
ønez'ieanus Cl othi ng

Lepus Hare Food
ønez'ieanus

Eyethizon Porcupine Southern range
dorsatwn

Castot" Beaver Food and Fur Throughout region, increased
carndensis in south

Seasonal ity Location

I

¡



TABLE 2. (continued)

Resource
Type

Fi sh

Species Name

Øtdntra
zibethicus

Stizostedíon
uitemtm
uiterum

Stízostedíon
carlødensis

Percia
fLuuiatiLis

Esoæ Lucius

Hídon aLosoides
Catostorm,ts

catostotmts
Catostormts

cornnersoni
Lota Lota

Coregonus
eLupeafoz,mis

Coregonus

Common Name

Muskrat

Yel I ow
tlal leye

Use

Sauger

Food 0pen water
Peak at
spawning in
early spring

Open water
Peak densities
spri ng spav',n

Open water

Seasonal i ty

Yel I ow
Perch
Northern
Pi ke
Gol deye
Longnose
Sucker
ldhi te
Sucker
Burbot

Lake
Ì'Jhi tef i sh

Ci sco
antedií

Location

Throughout region.

Lake and inlets, shallow
streams during spawning

Open lake

Lake

Inl ets

Lake
Lake & inlets

Lake & inlets

Deep water

Lake & inlets
Peak density north end spawning

Lake & inlets

Open water,
Peak densities
fall spawning

0pen water

I

l\)
't



only seasonally but also in cycles over a period of years (Feit1969).

Evidence for use of some of these species during the prehistoric period

comes from analysis of 3 faunal assemblages (Dickson 1975a:63-66,

Hanna 1975:69-96). Species conûnon to the 3 assemblages are caribou,

moose, beaver, muskrat and northern pike.

Archaeological research in the last decade (l^lright 1968; Dickson

1972, 1975a, 
.l975b; 

Hanna 1975; Ketly 1975; l,lood 1975) shows a

sequence of occupation ranging from the present day to perhaps 5000 B.C.

Eight different cultural traditions are recognized for the prehistoric

period which ends approximately A.D. 1700. Occupation appears to have

been sporadic until the Late Prehistoric which is represented by Clear-

water Lake Phase (Hlady .l970, 
1971) materials. A few diagnostic artifacts

mixed witi Clearwater Lake materials in several sites are the main

evidence for earlier occupation. Three of the recognized cultural

traditions, Laurel, Blackduck and Clearwater Lake contain ceramics.

Laurel (Stoltman 1973) has been dated at SIL54 to 1290 t 150 B.P.

(4.D. 660) (Dickson 1976:13).

Almost all of the'177 recorded sites have materials relating to

the Clearwater Lake Phase. Sites range from a few waterworn potsherds

and lithic tools coìlected along cobble or sand beaches to in sittt

material culture scatter stretching a thousand meters along the shore,

and several hundred meters into the forest interior. 0n these sites the

distribution of cultural materials is not uniform, but usual]y exhibits

clumped patterns. Aside from the pottery most other artifacts are

lithic tools and debris. Chipped tools include a variety of triangular
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and side-notched projectile points, 'large biface knives, bifacially

f'laked adzes, uniface end scrapers, wedges, and a variety of utilized

flakes. Also observed in sone assemblages were granite cobbles with

damaged ends suggesting their use as hanmers or anvils. A few bone

and antler tools including a harpoon or a ìance point (Hanna'1975) have

also been recovered. Evidence of cordage and netting is provided by

the impressions on the ceramics. Hearths which are frequently associated

with firê=crêcked t"ock were the only features recorded.

Twelve radiocarbon dates have been obtained from bone and charcoal

samples in association with Clearwater Lake materials (Dickson .l976).

The earliest of these is 1010 t 95 B.P. (4.D. 940) and the latest

300 t 170 B.P. (4.D. 1650) suggesting an occupation span of about

7 centuries. Historical records researched by l,lright ('1968:20-21)

indicate the residents of Southern Indian Lake at the time of first
contacts with Anglo-Europeans in the early .l700's 

were a semi-isotated

band of Cree calling themselves mishinneppe.
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CHAPTER III
CONVENTIONAL CERAMIC CLASSIFICATION AND AN ALTERNATIVE APPROACH

To date Southern Indian Lake ceramics have been assigned to exist'ing

classifications (Wright .l968, lliersum and Riddle 1971; Hanna 1975;

Dickson 1972, 1975a). Four wares with associated types and subtypes

are commonly recognized. The most frequently occurring of these is

l,linnipeg Fabric-impressed ware. MacNeish (1958) first recognized this

ware in a sample of about 8,500 sherds recovered in surface collections

and excavation of 9 sites in southeastern Manitoba. He considered it
diagnostic of the Selkirk Focus which was inferred to represent late

prehistoric and early historic l,lestern Cree during a period commencing

A.D. k350. The ware was characterized by crushed quartz or quartzite

tempered pottery with poor paste consistency and 'laminated vessel walls.

Surface finish was "marked by a series of smal'l ovoid impressions,

spaced fair'ly close together" (MacNeish 1958:163) and, frequently,

smoothing of the surface after impressioning. Two methods were inferred

to produce the impressions:

l. A babiche fabric was laid on a damp pot and pressed by hand.

2. A babiche tà¡ric was wrapped around a paddle used to beat a

damp pot.

Flat lips, out-flaring rims, accentuated right-angled necks, and

squat sub-conical to gtobular bodies characterized vessel morphology.

Three types were differentiated within lilinnipeg Fabric-impressed

Ware: Alexander Fabric-impressed, Sturgeon Falls Fabric-impressed, and
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Sturgeon Punctate. Alexander Fabric-impressed was defined as an

undecorated type but with all the ware characteristics. Sturgeon

Falls Fabric-impressed type exhibited cord-wrapped paddle edge decora-

tion on the lip and upper rim. Decoration of the rim and upper neck with

ovoid, crescentic, rectangular, or round punctates in 1 to 3 rows

separated Sturgeon Punctate from the other 2 types. MacNeish observed

that while all 3 types were found throughout the Late Prehistoric Period

in southeastern Manitoba, the 6 components assigned by him to the

Selkirk Focus exhibited a trend for Alexander Fabric-impressed to

increase in frequency toward the Flistoric Period and Sturgeon Falls

Fabric-impressed to diminish. Sturgeon Punctate exhibited no trend and

in fact, MacNeish noted that this type was rare in southeastern Manitoba,

but corrnon in northern Manitoba and Saskatchewan. He also noted that

Alexander Fabric-impressed appeared occasionally in northern Manitoba.

Hlady (1970:1lt-112) established an additional type, Clearwater

Lake Punctate, within l{innipeg-.Fabric-impressed ware. At the same time

the Grass River Fabric-impressed type was also described but was not

included within t^linnipeg Fabric-impressed ware (Hla¿y 1970:1.l8-120).

He later elevated this type to ware status (Hla¿y l97l:28-29). The

Clearwater Lake Punctate type was established from the analysis of 2,013

sherds collected from the Clearwater Lake Site (UN-7) nearThe Pas,

Manitoba. Characteristic of the type was a sing'le row of punctates.

Except for high incidences of non-flattened and decorated lips and

crushed granite temper, the type description coincides with that

of Ì,linnipeg Fabric-impressed ware. Hlady (t971 :'17-18)
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cited 2 reasons for establishing the type. Sturgeon Punctate was

characterized as having I to 3 rours of punctation. MacNeish (1958'.172-

173) illustrated single row Sturgeon Punctate sherds but captioned them

"aberrant". The second reason was the apparent restricted geographic

distribution of the type. Htady (1970:.121) concluded that the Clear-

water Lake Phase, of which the single row punctate pottery is diagnostic,

represents a l,lood'land Cree occupation in northern Manitoba and Saskatche-

wan dating between A.D. 1200 to 1750.

Grass River Fabric-impressed was estabtished on the basis of a

sample of 733 sherds recovered from 4 sites found in the Lower Grass

River and Upper Nelson River area of Manitoba (Hlady 1971228). These cera-

mics atealso decorated with a single row of punctates near the vessel

rim like Clearwater Lake Punctate. The attribute distinguishing Grass

River from l,linnipeg Fabric-impressed is the treaünent of the exterior

vessel surface with a ribbed fabric resulting in a distinctive surface

texture. Hlady (1970:ll7-t 20; 1971228-29) considered Grass River

Fabric-impressed ware/type diagnostic of the Grass River Phase discrete

in geographical distribution from the Clearwater Lake Phase and Selkirk

Focus. The Grass River Phase, he inferred, represented a movement to

and occupation of north central Manitoba by Swampy Cree from A.D. t500

to 1800.

Hlady extended his classifactory wot k of Clearwater Lake Fabric-

impressed pottery by devising a series of modes based on certain decor-

ative characteristics of the 312 rimsherds from the Clearwater Lake

site. He defined the basic mode as:
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...treated with a fabric-covered paddle on the rim and
lìp. The lip has then been smoothed although the
fabric impressions are not.always removed complete'ly.
Smoothing of the outer surface of the rim occurs oc-
casionally. The inner surfaces are always smooth
(Htady t97t:8).

The illustration accompanying the description clearly shows that the

basic mode is also decorated by a single row of round punctates. He

defines 2I additional modes dist'inguishable by categorical differences

in punctate shape, lip and surface treatment, and lip decoration. The

motivation to develop this classification was a desire to measure social

di stance:

...many of the modes herein recorded are the marks of
nuclear or extended family groups and...sites which
contain particular modes could present a seasonat and/
or long-¡ime pictures of food-gathering movements
(H'lady t97l:16).

Hlady, does not dernonstrate how the modes measure social distance and he

acknowledged the possibitity that.the classification scheme maps a sequence

of development in decoration:

One of the facts which has appeared with the analysis
of rim and lip modes from.the other sites is the fact
that the basic mode is represented in only four of twelvesites. It is therefore, possible that Mode 2 is the
primary stage from which the others developed (Htady 1971:l).

A revision of Hlady's classifications has been advanced by Meyer

(1975) based on pottery collections from sites in northeastern Saskatche-

lvan. Meyer notes that Grass River Fabric-impressed l,lare occurs in Saska-

tchewan, but in only 1 site was it"the exclusive ceramic style recovered.

In other sites it co-occumed with Clearwater Lake Punctate. Because

of thfs distribution he concluded there fs ioo much geographicaì over'lap

to invoke typological separation, and the ribbed fabric'impressed surface
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treatment is equal in importance to those more typical of Winnipeg

Fabric-impressed ware (fabric or cord-wrapped tooì impressing).

Meyer further revised Hlady's mode classification according to an

analytical system proposed by Stoltman (1973). According to this

system modes are considered independent attributes which in combination

establish subtypes. Meyer recognized l2 subtypes of Clearwater Lake

Punctate in his sample, several of which were identical to modes in

the Hlady scheme. Meyer does not completely adhere to Stoltman's

method as he does not statistically investigate mode combinations.

Ceramics of 2 other wares, Laurel and Blackduck, also occur in

low frequencies at Southern Indian Lake. Analysis of large samp'les of

these wares from other areas has led to defined types and subtypes or

modes (Stottman 1973, Dawson 1973, Carmichael 1977). However, little
use of these classes has been made for the Southern Indian material.

More recently, an informal classification of vessel morphology

emphasizing shape has been developed for use in assembladge description.

The three major forms are jars, bowls, and plates (Dickson 1975a:.l5).

Bowls are distinguished from jars by being semi-circular in cross-section.

Jars approach spherical proportions. Plates, in contrast, have extremely

shallow profi'les and are eliptical in plan view.

The primary objective in establish'ing most of the ceramic classifi-

cations described above is the construction of cultural history.

Estabtishment of types for this purpose has had a long tradition in

North Anerican archaeology extending back to the l930rs. The approach

tends to combine descriptive simi'larities with externa'l information as

the basis for an appropriate categorization:
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...two sets of material which are similar in near'ly
all features, but which are divided by peculiar forms
of one feature (shell contrasted with grit tempering,
for example) may be separated into two types if there
promises to be some historical iustification for the
procedure (Ford 1938 cited in l'lilley and Sabloff 19742
loe). \

The mode, subtype, and shape classifications although designed to

meet other research objectives also follow a pattern of categorical

definition. In these cases, however, no recourse is made to external

information in order to substantiate utility.
Because the organizing princip'le underlying these classifications

is definition of classes based on categorical distinctions in a few

characteristics, they may be considered "arbitrary" classifications

(Sokat and Sneath 1973:18027). The results of an arbitrary classification

are monothetic classes meaning aìl members of a class "possess given

characteristics" (Doran and Hodson 1975:160). Artificial classifications

can lead to useful partitions of objects, but in order to be ìogically

valid an assumption of properties and consequences termed systems of

"analyzed entities" (Sokal and Sneath 1973:19-20) must be met. As an

example, at a gross level of artifact classjfication, archaeological

remains from a site can be divided into groups, such as lithics and

pottery, based on the substances from which each was manufactured.

Each of the substancesr rock and clay, has distinctly different physical

properties, and thus the artifact consequences of these substances are

also different. 0n the other hand, when we investigate classifactory

problems like ceramic decoration, there is no apparent system of

properties and consequences involved, if the medium of decoration is

held constant, which would lead us to establish pnima-facie groups.
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In such cases "natural" classification (Sokal and Sneath 1973:

18-27) offers an alternative to arbitrary categorization. Natural

classification assumes only the existence of potential taxonomic

corre'lation of attributes (Jardine and Sibson 1971226-27). If
various values for different attributes "tend to discriminate entities

in similar ways the ...attributes are said to be taxonomically correlated"

(Jardine and Sibson 1971227). The resu'lt of natural classification is

polythetic group'ings in which classes "have been defined because their

members are simi'lart' (Doran and Hodson 1975:160) and:

each member will share with each other member a large
number of characteristics in common, but no one charac-
teristic has to be possessed by all members, although
of course:iE may be (emphasis theirs) (Doran and Hodson
I 975:1 60) .

These differing approaches to the problem of attribute analysis

and artifact classification in archaeoìogy have been the subiect of

heated debate which started with the Ford (t954a, 1954b) - Spauld'ing

(1953, .l954) exchange. As Dunnelt (1973:196-197) points out, the

force of Ford's position, as quoted above, lies in the fact that

classifications produced by an arbitrary approach are useful. Their

usefulness, however restricted they may be, accounts for the

pers'istent popularity of the approach. Spaulding's approach, whÍch

involved the use of inductive statistics, was capab'le of eliciting

associational patterns in a rigorous fashion. Because, in this

case, classes are derived from the data rather than imposed upon

them, the natural approach has enioyed increasingly wide acceptance.
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l,lhat seems important to recognize is that neither approach is better

than the other: they both can be useful in the study of archaeological

materials, but they lead to different understandings.

Another aspect of the problem of classification in archaeology

has been discussed by Binford (1965). His ideas center on the recog-

nition that different and independent factors influence the process of

artifact manufacture. He suggests:

We should partition our obseryational fields so that we
may emphasize the nature of variability in artifact
popuìations and facilitate the isolation of casually
relevant variables. 0ur categories should be justifiable
in terms of possessing common structural or functional
properties in the normal operation of cultural systems
(Binford 1965:205).

As examples of some of the factors wh'l'ch can affect the manufacturing

process of pottery and thus produce different kinds of end products,

even when made by the same artisan, there are the use for which the vessel

is intended whether cooking, food storage, water storage, or lighting

and heating; the sources of clay and temper; the size of the social group

a vessel is intended to serve; and the social relationships with others

in which the potter participates. For categories of variation in ceramic

populations, Binford discusses morphological variation and decorative

variation. Morphological variation includes size and shape character-

istics of pottery and while these characteristics will be largeìy

determined by the use to which a pot is to be put, say a cooking pot,

other factors may also influence these characteristics. A cooking pot

functioning in the context of a small nuclear family is likeTy to be

different from one functioning in an extended family in which food is being
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prepared for a large nunber of peoPle.

Decorationn because it is a discrete step in pottery manufacture

and involves a different set sf techniques fnom those emptoyed.to construct

a pot, is a dÍstinguishabte category of formal variation. As in the case

of morphotogicat variation, use and context may influence decorative char-

acteristl'cs: a pot used in re'ligious ritual is'likety to be decorated

differently fr"om one used for cooking and it has been shown in 1 case

that there can be greater similarity in the design elements appearing on

different pottery types coming from the same site than appearing on the

same type but coming from different sites (Cronin 1962) implying that the

decoratiye techniques of a group of potters living in close association

can become conventionalized to the point where their style can be distin-

guished from other ctosely related but separate social groups.

14hile these 2 categories of formal variation are not exhaustive (con-

sider a category of phys'io-chemical variation for another) they served as a

starting point for developing the strategy of analysis initiated by this

study. The natural classification approach was also selected, which is

operationalized by various methods of ctuster analysis (Thomas 1972).

Cluster analysis in this study is undertaten ùdependently on 2 sets of

formal characteristics obtained from a single sampìe of ceramic vesse'ls:

I set measures morphological variation in the sample and the other

decorative variation. At this stage, the strategy is exploratory and is

aimed simp'ly at attempting to define some regularities in taxonomic

correlation of attributes within the 2 analytic dimensions.
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CHAPTER IV

SAMPLE, DATA, AND ANALYTICAL PROCEDURES

The sample (SILPOT) from which the numerical data were drawn

is a portion of the aggregate of Middte and Late l,loodland vessels

collected from sites around Southern Indian Lake. SILPOT numbered 105

vessels, or 40% of an inventory of 256 identifiable vessels,

The remainder could not be used because some data from each

vessel were missing and the analysis package required complete data.

All vessels in SILP0T were reconstructions from rím and body sherds

that varied considerably in completeness ranging from a single sherd

to almost complete vessels.

Data were collected from individual vessels by first isolating

reconstructed ones, then sorting on the basis of decoration, size, and

provenience the remaini'ng sherds from various site collections into

groups representing individual vessels. Some additional reconstruction

was undertaken during this procedure. Those vessels for which complete

data could be obtained were enumerated (Appendix t ) and measured,

white disqualified ones were only counted. In several cases for sites

with substantial ceramic recoveries, there was a residue of small rim

sherds which were not sortable into recognizabìe vessels; these were

excluded from the inventorny count as well as from the sample.

It was apparent from several of the large reconstructions that

post-depositional distortion of original shape had occurred. The

most striking example was exhibited by a rim reconstruction of a large

jar in which the finat ioin to complete the oriface was displaced
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outward by 2 cm.

Seventy!¡ine of the vessels in SILPOT had previousìy been

classified by Dickson (1975a), Hanna (1975), l^lright (1968), or

myself as l,linnipeg Fabric-impressed, Grass River, Blackduck, or

Laurel ware (Table 3). l^linnipeg Fabric-impressed ware accounted for

most of the sample. Many of the 26 unclassified vessels probably

belong to this ware as well except for 4 miniature vessels that do

not fit the standard descriptions. This latter group are small,

irregular-shaped vessels with thick uneven walls, and are decorated

with irregularìy placed pin-sized punctates. They may represent the

work of juvenile potters, and it is perhaps a flaw that this kind of

variation has gone unnoticed or unaccounted for in most ceramic

classifications. In SILPOT, the 4 miniature vessels a'long with the

5 Laurel and Blackduck ones, because they form a smal'l proportion of

the sample, will be considered outliers or deviant data units and one

of the means by which the cluster analysis results can be evaluated

will be by their action on these 9 vessels.

In terms of conventional morphological assignment which was made

by Dickson (ì975a) and myself, SILP0T includes 88 jars, ll plates and

6 bowls. Many plates counted in the inventory were disqualified from

SILPOT for lack of data, and as a group are therefore under-

represented. l,lood and Wasnick (1g76:t) estimated that plates account

for as much as 40% of the aggregate. One of the miniatures was classed

as a plate and the other 3 were classed as bowls.

The joint distribution of yessels in terms of these 2 classifications
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(Table 3) shows the nature and extent to which the categorìes of

each classification are crosscut by the others. This will become

important during the analysis when each of these categories is

singled out.

Three factors influence the geographical distribution of vessels

in the sample: site size, intensity of site occupation, and intensity

of excavations in different areas. Forty-seven of the vessels, almost

half of the sample, come from 4 sites in the Kame Hills Locality at

the north end of the Lake (Fig. 1). The rest, except for I vessel of

unknown site provenience,are from sites 'located in 3 other localities.

Twenty-nine were recovered in the Sandhi]l Bay - Long Point area, 9

from South Bay and 19 from the Leaf Rapids - Lake Opachuanau area.

Because of the selection biases invo'lved, SILPOT constitutes an

availability sample of vessels from the region. It is not a statisticaily

valid random sample, and it follows that strict inferences cannot be

made about parent populations as it cannot be assumed that sample

variability is representative of population variability. SILPOT is

treated here as a population and is investigated for grouping patterns

which may represent only a fraction of those in the parent popu'lation.

Attribute selection was undertaken with the objective of analysing

decorative and morphological variation separately. This required

explicit definition and categorization of attributes as discussed

in the preceding chapter. Attributes also had to be coded in

such a way that they were compatible with the computer analysis

package. Thus, following Anderberg's [1973:28) terminology,
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TABLE 3. Contingency of conventÍonal decorative and morphological c'lassifications.

Decorative

t^li nni peg Fabri c-impressed
Grass River Fabric-impressed
Bl ackduck
Laurel
Uncl assffted

TOTAL

Morphological
Jar Pl ate Bow'l

55
6
4
I

2?

88

l0
0
0
0
I

ll

t
2
0
0
3

6

Total

66
8
4
I

26

105 t
lÐ

I



33 binarized nominal attributes (Table 4 ) were defined to measure

decorative variation and 7 continuous ratio variables (Table 5 )

measured norphological variation. Attribute selection and definition
of measurement followed in part McPherron (1967) and Hlady (.l970, l97l).

l'lith 1 exception, all of the decorative attributes reflect the

presence or absence of purposeful modification of vessels during the

fr'nat phase of manufacture. These modifications serve no known

practical purpose, although they may be useful to the archaeologist

in distinguishing social groups or measuring social distance. The

exception is the presence or absence of drying cracks (BDcORs). This

attribute was included because it may have value in measuring manu-

facturing skill

The variables selected to reflect vessel morphology are less

than an ideal character set because they do not measure overall

variation, but only variation centered around vessel orifaces. For

example, vessel depth could not be estimated in most cases because of

incomplete reconstruction. This resulted in a loss of important

information, but I decided to proceed ïn this study with a ìarger

sample without this variable rather than reduce sample size further.

Analysis of the data was accomplished with the computer package

cLUsrAN lc programmed by David t,lishart using the university of
Manitoba's IBM 370/68 systern. CLUSTAN is a multiple procedure program

which provides a large number of analysis and result options. Raw

data were first transfonned into similarity measures among all entities.
squared Euclidean distance (ozij) (Appendix 2) was the measure adopted.
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TABLE 4. Binary attributes used in measuring vessel decoration.

Attribute Code

BDCOR]
BDCOR2
BDCOR3
BDCOR4
BDCOR5
BDCOR6
BDCORT

BDCORS

BDCOR9
BDCORI O

BDCORI 1.BDCORI2

BDCORI 3
BDC0R't4
BDCORI 5
BDCORI 6
BDCORI 7
BDCORI 8
BDCORl 9
BDCOR2O

BDCOR2I
BDCOR22
BDCOR23
BECOR24
BDCOR25

BDCOR26
BDCOR2T
BDCOR2S
BDCOR29
BDCOR3O
BDCOR3.|

BDCOR32
BDCOR33
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Attri bute

Smoothed exterior surface
Fabric impressed exterior surface
Rib fabric impressed exterior surface
Cord wrapped tool impressed exterior surface
Drying cracks
lst row exterior punctates
2nd row exterior punctates
3rd row exterior punctates
lst row interior punctates
2nd row jnterior punctates
Lip row punctates
Irregular punctate placement in row
Round punctates
Elongate/tear drop punctates
Lunate punctates
Rectangular punctates
Pronounced bossing
Sl ight bossing
Smoothed 1 ip
Fabric impressed 'lip
Cord impressed lip
Tool impressed lip (other than punctates)
Smoothed lip interior
Fabric impressed lip interior
Tool impressed lip interior
Pin ho'le size punctates
Normal size punctates
Flat 1 ip
Rounded lip
Exterior fil let
ïnterior fillet
Incised line in punctate decorative field
Cord impressed lip interior



TABLE 5. Continuous variables used in measuring vessel morphoiogy

Variable Code

XORLENG
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XOR}'lIDE

Vari abl e

RIMTHICK

Exterior oriface ìength

Exterior oriface width

LIPTHICK

LIPANG

Rim wall thickness

Definition and Measurement

Concentri c ci r.cl e or
caliper measure to nearest
even cm.

Concentric circle or
caliper measure to nearest
even cm.

Caìiper measure of vessel
wall 2.5 cm from lip for
large vessels and 

.l.25 
cm

from lip for small vessel
to nearest r¡n.

Caliper measure distance
across lip to nearest mm.

Angle measure of angle sub-
tended by lines tangential
to the lip and exterior
vessel wal I to nearest
degree.

X0RIIIDE divided by X0RLENG

LIPTHICK divided by RIMTHICK

w/L

L/R

Lip thickness

Lip exterior wall angle

RATIO

RATIO

l'lidth-l ength ratio

Lip-R'im wa'll ratio



There were several reasons for its use. First it was suitab'le to the

problem of assessing similarity among physical objects. Also, it
was desired to maintain consistency over the different analysis

methods and in manipulation of both the binary and ratio data sets.

D2ii nu, the only similarity measure available in CLUSTAN which had

this capability. Further, its use avoided the probtem of treating
double-absence scoring in binary'data encounted with other simi'larity
measures because only disagreemen! in scores is considered.

Four different methods of cluster analysis were used: l,lard,s

method (tlARD), Iterative Relocation .(RELOCATE), Monothetic Hierarchic

Division (DIVIDE), and I'loae (uOor). Readers are referred to Anderberg

(1973), Everitt (1974), and wishart (.1975) among others for detailed

descriptions and discussions of these techniques. t,lard's method and

Iterative Relocation are both hierarchical agglomerative procedures.

Analysis with these methods begÍns with each entity considered as a

single cluster and ends with 1 cluster composed of all the entities.
Each step of the analysis causes the fusion of the 2 most similar
clusters reducing by one the number of clusters for the beginning of the

next step. A significant level of classification is indicated by a

large change in similarity coefficient between 2 successive classi-
fication levels (htishart t97s:35). The similarity coefficient is the

value of oZij between the fused cîusters in a particular step.

I'IARD differs from the computational procedure described by l,lard

(1963), but it retains the methodological limitation of the original.
The CLUSTAN algorithn combínatoria'lly transfoyms a matrix of simitarity
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measures during the fusion process by deleting I row and I column of

the matrix at each fusion of 2 clusters in such a way that the

resulting similarity coefficient is twice the value of the coefficient

used in l,lardqs computational procedure, althsugh it produces the same

sequence of fusions (lr{ishart 1975:35-36). The drawback of the method

is that mi'sclassifications tend to occur in the significant classifi-

cations appearing inthe late stages of analysis because "fusions begin

where group affinites are weakest" (Ctifford and Stephenson t975 2127)

in the early stages of analysis and once entities are combined, no

recombination is possible.

RELOCATE overcomes this problem by moving entities from cluster

to c'luster between fusions. The procedure (ldishart 1975:43-48) begins

by taking some previous classification such as a hlard's Method partition

at the l0 cluster level, or by randomly allocating entities into a

number of groups and then testing each entity, in turn for'reassignment.

If higher similarity is measured between the entity and another cluster

than exists between the entity and its resident cluster the move is

made. Relocation proceeds in cycles through al'l entities unti'l there

are no moves in a cycle. Between cluster simitarities are then computed

from cluster means and the 2 most similar cluste¡os are fused. At this

point a nelv cycle-of entity relocation and cluster fusion starts and

repeats untit the finat fusion of aTl entities into a single cluster

is encountered.
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grouping problem from a divisive rather than an agglomerative perspective.



The starting point

cluster is divided

presence or absence

yield the maximum o2ii in any possible division of undivided attributes.
By maximizing variance between clusters DIVIDE also tends to minimize
within cluster variance by increasing the number of characters which

are constant valued at each division. Although the analysis could
continue unti'l each entity was separated înto a unique cluster, in
practice the subdividing process is usually stopped at some predetermined

Ievel

Collectively, these 3 procedures just described have a limitation
which is prone to give misleading results. Each method attempts to
minimize the within-group sum sf squares and as such are minimum-variance

cÏustering procedures. The problem of minimum-variance methods of clus-
ter analysis has been reviewed by ldishart (1969 :291-Z9S). These methods

impose a I'constraint on the spread, or variance, of clusters of points,,
(l'Jishart 1969:282), and consequently tend to force data into predetermined

patterns. Nevertheless, useful information can be obtained, but it must

be augmented by complementary analyses

Mode was proposed by l,lishart (1969) as a method which would resolve
clusters irrespective of their shape or variance and overcome the problem

of "chaining" caused by data scatter. M0DE (l,lishart 1975:5t-56) searches

for natural groupings by "estimating disjoint density surfaces in the

sample distribution" (Everitt 1974:34). From a matrix of similarity
coefficients, an average coefficient value of a selected number of'least

is a single cluster composed of alI entities.
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into successively. smaller ones at each stage

of binar.y attributes selected by the algorithm to

Thi s
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diffenent entities is computed. Entities are ordered ascendingly by this

Va:lue, and the enÏity with the lowest value initiates analysis as the

first cluster. 0ther entities are "introduced" in order and depending

on comparative inequalities of different computed coefficients, the

entity forms a ner{ cluster, joins an existing cluster, or acts as a

tink to fuse 2 exÍsting clusters. The unique feature of MODE is that

there is always I cluster at the beginning and end of the analysis. For

some data sets no more than I cluster or mode is ever resolved indicating

no natural grouping in the data. More typicalTy, a number of modes are

resolved by progressive introduction of entities until fusion of

clusters begins to occurr. The number of modes resolved prior to the

first fusion of established clusters represents the maximum number of

naturaï groupings.
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CHAPTER V

CLUSTER ANALYSIS RESULTS AND DISCUSSION

Anderberg has observed:

When cluster analysis is used as a tool of discovery
one cannot anticipate what combinations of variables'
weights, data units, association measures, and
clustering methods will,lead to interest'ing classifi-
cations. The first cycle through a clustering problem
may give a tentative partition which conf'licts in
important respects with the analyst's appreciation
of the probtern and its context. Such results inunedi-
ately suggest the need to alter the formulation of
the probìem for another cycle through the cìustering
method in search of a better fit for the data set
(Anderberg 1973:183)

Except in the most unusual circumstance, cluster analysis studies

involve the repeated app'lication of methods. For clarity, I have

organized the results of this study into 12 analysis "trials", each

with an objective, method, and results and discussion section. The

first 4 trials pertain to morphological classification and the remain-

ing eight to decoration. The trials are paired for convenience in

evaluating results of the minimum-variance procedures I,{ARD, RELOCATE, and

DIVIDE with those of the variance-free procedure MODE. In the first
pair of trials in each series, analysis was made of the comp'lete data

matrices; further analyses were then conducted on selected vessels

and attributes of the sample. The rationale behind this strategy was

to first investigate the collection as assembled making no assumptions.

Subsequent analyses allowed information gained from previous experiments

as well as external information to be used in selecting vessel and

attribute subsets.

Two methods were used to compare and interpret resu'ltant classifi-
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cations. The first involyed use of contingency tables (Anderberg

1973:205), but due to the problern of low expected frequencies in many

cells in these taþles, the usual statistÍcal tests of association

between partìtions were not made. A second me.thod involved

contrasting character profiles for various clusters in different classi-

fications (Anderberg 1973:180). For the morphological classifications

this amounted to noting the differences in the means and standard

deviations of variables among clusters, while in the decorative classi-

fications the ratio of percentage occurrence of an attribute in a

cluster to its percentage occurrence in the sample was plotted.

I also devised a relative measure of the degree of similarity

attained by various classifications to aid in interpretation. It is
'termed here the Index of Similarity and is the ratio of the similarity

coefficient generated by the minimum-variance procedures at a significant

level of classification divided by the maximum obtainable coefficient.

Maximum coefficients can be determined or estimated using the computational

formulas for D2ij (Appendix 2)'. In the case of binary attributes, the

maximum coefficient is simpìy the number of attributes anaìyzed as this

represents the maximum possible number of mismatches. For continuous

variables an estimate was calculated from the sample by using the extreme

z-scores for each variable in the data matrÍx. The Index values range

from 0.0 to 1.0. A value of 0.0'indicates complete similarity among

entities, and a value of 1.0 represents dissimitarity.
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Morphological Classification

The frequency histograms and sunnary statistics for the 7

variables (Figs . 2-B) measuring morphological variability show a

tendency for bimodatity in oriface width (XORhJIDE) and the width-

length ration (l^l/L RATIO). Multimodal tendencies are observable in

the distributions of oriface length (X0RLENG), lip-exterior waìl

angle (LIPANG), and the lip-rim wa11 ratio (L/R RATIO). The 1ip

exterior wall angle (LIPANG) and width-length ratio (l,l/L RATI0)

exhibit strong positive kurtosis. Oriface length (XORLENG) and width

(XQRI,.IIDE), and the width-length ratio (l^l/L RATIO) are skewed. Because

of the obvious "system of analyzed entitiesi', in this case metric

consequences derived from different geometric vessel shapes represented

in the sample, it is reasonable to expect that the techniques will

classify the plates separate from the rest of the sample.

Trial I 
,

0bjective: To find morphological classes in SILP0T based on

minimum-variance procedures.

Method: Subject the data matrix of 7 variables measured for

105 vessels to procedures Ì,IARD and REL0CATE. Two REL0CATE anatyses

are produced by initializing the procedure from different start'ing

partitions:

1. WARD-IO: The l0 cluster partition obtained from

procedure I¡IARD in this trial .

2. RIP-I0: 10 clusters obtained by random assignment of vessels.

Results and Discussion: Printed output for each of the 3 analyses
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consistently indicated a signfficant classification at the 4-cluster leveì.
This is shown Ín Fig. 9 as the fusisn level which preceeds the marked

change of gnadient în the similarfty coefffcient curyes. As indicated in
the preceeding chapter, the similarity coefficient is the value of D2ij
between 2 clusters which fuse at a particular step, and a significant
groupinE is indicated by lange relative changes in coefficient values.

A comparison of the nurnber of vessels in each of the 4 clusters foreach

analysis (Tab'le 6 ) reveals the 2 RELOCATE analyses each generates 4

complinentary sized clusterq and although IIARD also finds 4 groups, only
one of them is equal in size to any of those generated by RELOCATE. A

contingency tabìe comparison (Tabt e 7 ) of the 2 RELoCATE classifications
shows complete coincidence in assigning vessels to complementary sized

clusters. The difference between the 2 resultb 'lies in the arbitrary
ordering of the clusters. Using the RELOCATE RIp:'t0 classifications as

the referent for both RELOCATE anal.yses in the rest of the discussion, a

comparison to the IJARD classification (Tabte I ) reveals disagreement in
vessel assignment in three of the 4 clusters. They only agreefor the

clusterswith 10 vessels. The mismatches observed in this comparison, as

-42-

di scussed

to different clusters once they are placed. Consequently the classifications
which most reasonably represent- an optimal grouping of vessels in thís

trial are the REL0CATE classifications. Again using the RELgCATE RIp-10

partition as representing this optimum classification, Table 9 lists the

means and standard deviations of each variabïe for vessels in each cluster

earl ier' tàt ieiul t Ee-canìã-wÃno-ä-r-ncaþabte of reassiqninq membärs

together with t-values and F-ratios which coropare cluster means and

variances to sample means and variailces, respectively (Appendix 3).
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TABLE 6. Cluster size (n) for analyses in Trial t.

Procedure

l,lARD

RELOCATE
}JARD-I O

RELOCATE
RIP-.l O

No. of C'lusters

.44.

4

TABLE 7. Trial I contingency table comparison between the
REL0CATE I.IARD-]0 and RIP-I0 classifications.

Cluster Size (n)
1234

RELOCATE
I^IARD-10

30

1

2
3
4

TOTAL

47

39 37

39

l8

'19

l0

Total

t0

RELOCATE RIP.IO

TABLE 8. Trial ì contingency table comparison between the l,lARD and
RELOCATE RIP-l 0 classifications.

't0

37

39
0
0
0

39

23

t05

105

t05l9

00
037
00

10 0

l0 37

l,lARD

T

2
3
4

TOTAL

0
0

l9
0

19

Total

RELOCATE RIP-IOre

39
37
l9
l0

105

30000
70373
20016
0 t0 0 0

39 r0 37 19

Total

30
47
l8
l0

.l05



TABLE 9. Descriptive statistics for clusters in the RELOCATE RIP-ì0
classification of Trial I.

Cluster Cluster Variable
Size
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39 XORLENG

XORl,lIDE
RIMTHICK
LIPTHICK
LIPANG
tUL RATI0
L/R RATr0

XORLENG
X0Rl,lIDE
RIMTHICK
LIPTHICK
LIPANG
t^l/L RATIO
L/R RATTO

XORLENG
XORI,IIDE
RIMTHICK
LIPTHICK
LIPANG
hrlL RATI0
L/R RATr0

XORLENG
XOR¡.IIDE
RIMTHICK
LIPTHICK
LIPANG
l.l/L RATIO
L/R RATTO

X.

10

20. 10
20.00
0.70
0.76

85 .20
0.99
1 .09

24.27
16.51
0. 9l
0.55

92.70
0.67
0.60

I 9.06
1 9.03
0.84
0.61

98.32
0.99
0.74

t 0.08
t 0.04
0.63
0.42

94.05
0.99
0.70

3 .08
3.02
0.13
0. l8
8.87
0.26
0.21

4.67
3.85
0.10
0.09
7.29
0.07
0.ìt

2.93
3.01
0.13
0.12

10.97
0.01
0.16

3.62
3.69
0.17
0.11
8.88
0.03
0.25

t- val ue

37

.336

.507
-.315

.721
-.625

.305

.881

1.123
- .208

.896
- .409

.050
-2.895
- .883

.t40

.309

.480
- .086

.557

.324
- .406

-1 .555
-1.534
-.760

-1.096
.172
.265

-.552

F-Ratio

19

.339

.383

.636

.892

.640

.069

.622

.777

.623

.375

.256

.432

. s98

. 184

.306

.383

.667

.413

.978

.033

.339

.469

.572
1.065

.382

.641

.122

.857



small ,F-ratios indicate yariables having comparatÍvely
low variation wíthin the cluster and are therefore
gOod diagnostics. Large t-vâlues indicate continuous
íariablei having clustár means which are substantial'ly
dtfferent from the population sample means for those
variables (Wishart 1975272) -

Examination of the variable means suggests that Clusters 1 and 3

represent 2 Eroups of iars. For both of these clusters the t'JlL RATIO

is almost t.0 indicatlng a circular shape of vessel orifaces. 0riface

diameters tend to be snaller in Cluster 3, although there is considerable

overlap between the 2 clusters. In Ctuster I lips tilt toward the vessel

interior, white in Cluster 3 they tilt outward. Vessel lips tend to be

thickest in Cluster l,while vessel walls are thickest in Cluster 3.

Correspondingly, the L/R RATIO values indÍcate expanding rim profi'les are

characteristic of Cluster I vessels, whereas contracting profi'les are

characteristic of Cluster 3.

Another group of yessels wÍth round orifaces is represented by Cluster

4, but these are much smaller in size than the 2 c'lusters just described.

This is indicated by smaller vessel diameters for which t-values of -t.555

and -l .534 for XORLENG and X0R!'IIDE were obtained respectiv€'lY, as wel'l as

comparative thinness of vessel walls and lips. In other respects this

cluster is similar to Cluster 3.. This cluster includes the 6 bowls and I

miniature Cunclassified) plate (fabte 3 ) as well as smaller jars.

Cluster 2 appears to represent the plates included in SILP0T. Here,

the t,¡/L RATIO is much less than 1.0 and the rim profiles for this vessel

type tend to be contracting. A t-value of -2.895 for the l,l/L RATI0 for

Cluster 2 emphasizes the shape difference between plates and circular

orifaced vessels in SILP0T. Also emphasized Ín this cluster is a large

-46-



mean yalue of X0RLENG.

small' F-ratios occur for only the lvl MTI0 on crusters r, 3 and 4

which indicates less

populatÍon. This Ís

these clusters- as the

in this ratio.
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Trial 2

Objective: To find morphological classes in

variance-free procedurre and compare these results

trial. .

yariation in the cluster"s than measured in the

reasonable in tenns of the separation of plates from

plates account for most of the variance neasured

Method: Submit the same data. matrix used in Trial I to analysis with
MODE.

Results and Discussion: Two classifications were generated during
this analysis, one of 3 clustens after the.¡ntroduction of 16 vessels and

another of 2 clusters after introduction of 96 vessels. -Cluster sizes for
these classifications are 32, 53, and 20 for the former and 95 and l0 for
the latter. Interpretation of the 3-cluster classification is problematic

because the t0 plates are assigned along with 43 other vessels to the
largest of the 3 clusterrs. In the 2-cluster cl.assification, however, the
t0 plates fonn a sÍngle cluster distinct frorn the others. An optimum

classification for this trlal appears to be represented by this latter
groupi ng.

Table l0gives the descriptive statistics for the variables in each of
the 2 clusters. The values associated with Cluster 2 are identical with
those listed for Cluster 2 of the RELOCATE RIP-'¡0 classification obtained

SILP0T based on a

to those of the previous



TABLE 10. Descriptive statistics for
classification of Trial 2.

Cluster Cluster Variable
Size
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95 XORLENG
XORI.IIDE
RIMTHICK
LIPTHICK
LTPANG
l^|/L RATIO
L/R RATI0

XORLENG
XORl,lIDE
RIMTHICK
LIPTHICK
LIPANG
tlll RATIo
L/R RATIO

c'-lusters in the M0DE 2-cluster

X.

l0

17.69 4.95
l7 .63 4.96

.74 .16

.63 .l 9
92.08 .l.l.41

.99 .02

.87 .27

24.27 4.67
16.5'l 3.85
0.91 0.10
0.55 0.09

92.70 7.29
0.67 0.07
0.60 0. 1 I

t-val ue

-.118
.002

-.094
.043

- .005
.304
.093

t.ì23
-.208

.896
-.409

.050
-2.895
-.883

F-Ratio

.876
1.034

.972
t.058
1.059

.066

.995

.777

.623

.375

.256

.432

.598

. 184



in the previous trial. Because Cluster I represents a pooling of

Clusters l, 3, and 4 of the REL0CATE RIP-10 classification the

values are different. For M0DE Cluster l, a low value of the

F-ratio is observed for l.l/L RATI0, but an extreme t-value occurs for

the same variqble. This emphasizes the importance of circular vessel

orifaces in this cluster.

The optimum classifications found in the different trials are

consistent and supplementary, but they do not resolve the same level

of grouping. Thus a robust classification, hy definition identica]

partitions found by the minimum-variance and variance-free procedures,

is not indicated. Also, despite the timited number of attributes

descriptive of vessel morphology,the results of both trials are

compatible with conventional groupings of the same vessels. It is

worth emphasizing that the types are defined on distinctly different

kinds of observations, one a visual appraisal of geornetric form

and the other a quantitative measurement. llhat emerges from the

numerical study which is of interest is possible refinements in the

conventionatly recognized class of jars. This is suggested by

separation of jars into Clusters I and 3 in the REL0CATE RIP-10

classification. Because of thisn the group, consisting of 88 vessels,

was subjected to another round of analysis.
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Trial 3

0bjective: To find rnorphological classes in the subset of 88

jars in SILPOT based on minimum-variance procedures.

Method: Subject the data matrix of 7 variables measured for 88 vessels



classed as jqrs to procedure REL9CATE RIP-10,

Resu'lts and DÍscussion: This analysis fndicated a significant

classlficattqn sf the 88 Jans into 4 clusters [Fig.l0 ). C]usters sizes

and descriptÍve statistics of the members of each clusters are listed in
Tabté ll.

Clusters I and 2 represent large orifaced vessels. The distinctions
between the two are differences in thickness of ïips and rim walls and in

the shape of the rim profiles. These were also characteristics which

distinguished Clusters I and 3 în the REL0CATE RIP-ì0 classification des-

cribed in Trial 1. Cluster 3 in this classification is a group of smaller

orifaced vessels. Like Cluster Z, the rim profiles tend to be contracting.

Cluster 4 is an outlier group which is distinguished from the rest of the

sample by non-circular oriface shapes. The t-value and F-ratio attain
high ' diagnostic values for I,'llL RATI0 ín this cluster. These 2 vessels

appear to be products of post-depositional and reconstruction distortion;
one of them is the rim reconstruction mentioned before (Chapter IV) with the 2 cm

displacement and the other is a nearly complete vessel reconstruction for
which there v',ere measurable differences between the length and width of its
ori face.
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Trial 4

0bjectÍvel ,To find morphological classes for the subset of gg jars

based on a yariance-free procedure and compare the results to that of the

previous trfal.
Method: Subject the same data matrix used in Trial 3 to procedure

MODE.
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TABLE t1. Descriptive statistics for clusters in the REL0CATE RIp-10
classification of 88 jars in Trial 3.

Cluster Cluster
Size
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25

Variabl e

XORLENG
X0RIIIDE
RIMTHICK
LIPTHICK
LIPANG
l,l/L RATIO
L/R RATIO

XORLENG

XoRtJIDE
RIMTHICK
LIPTHICK
LIPANG
I'IIL RATIO
L/R RATTO

XORLENG
X0Rl,lIDE
RIMTHICK
LIPTHICK
LIPANG
l,l/L RATIO
L/R RATIO

XORLENG

XORI'IIDE
RIMTHICK
LIPTHICK
LIPANG
l.I/L RATIO
L/R RATIO

r.

34

20.68
20.68

0.71
0.84

88.t2
t .00
1.19

20.52
20.54
0.83
0.60

95.05
t .00
0.74

13.77
13.77
0.68
0.56

90.1t
1 .00
0.85

18.75
1 6.00
0.87
0. 63

93 .00
0.86
0.76

I t-Val ue

2.27
2.27
0.14
0. 16
9.39
0.00
0. 18

2.51
2.50
0. t4
0.t0

12.49
0.00
0. 14

3.05
3.05
0.16
0.14
8.92
0.00
0.21

5.25
4.00
0.16
0.07

17.00
0.28
0.23

27

4

0.535
0.551

-0.228
1 .018

-0.304
0.137
1 .099

0.499
0.5.l7
0.450

-0.304
0.3'l 6
0.166

-0.606

-1 .129
-l .lt9
-0.408
-0. 548
-0.126
0. 

.l37

-0.2'14

0.069
-0.581
0.720

-0. I 58
0. 132

-6.389
-0.530

F-Rati o

0.30ì
0.303
0. 756
0.853
0. 705
0.000
0.517

0.367
0.367
0. 791
0.371
1 .247
0.027
0. 314

0.544
0. 548
0.979
0.608
0.636
0.000
0.676

1.603
0.937
0.989
0. 173
2.307
1.728
0.778



Results and Discussion: MODE generated classifications first at a

2-cluster 'level and second at a 3-c'luster level. These classifications

were generated after the introduction of 16 and 25 vessels respectively.

Cluster sizes for the 3-cluster classification are 7.l,13, and 4. The

descriptive statistics for each cluster (Tabte'12) shows groups which are

arbitrarily arranged as a series of progressively targer orifaced iars.

Cluster 2 is further distinguished from Cluster I by differences in the

angle of lip slope. The L/R RATIO is less than .l.0 for all 3 c'lusters,

indjcating the shape of the rim profile is unimportant in cluster formation;

however, mean thicknesses of the t'ips and rim walls do vary among the

cl usters

-53-

Contingency table comparison between this classification and the one

from the preceeding trial (Table l3) confirms there is little agreement

between them in terms of joint assignment, and there is no consistent basis

for grouping. Dominance in the MODE classification by a cluster to which

81% of the sample is assigned suggests that there is considerable uniformity

among the jars. Nevertheless, both analyses reveal a degree of subgrouping

not conventional'ly recognized. It will be recal'led from Table 3, there

is some stylistic variation in this sample subset introduced by the

preseRce of 5 Blackduck and Laurel vessels. None of these vessels is

singled out by either analys'is as being deviant from the population by

placement in discrete clusters. The statistics, therefore, describe

clusters within the population of jars for SILPOT, but these clusters are

crosscut by stytistic variation.



TABLE 12. Descniptiye statistics for clusters in the MODE

classification of 88 jars in Trial 4.

Cluster Cluster
Size

-54-

71

Variabl e

XORLENG

XORl,lIDE
RIMTHICK
LIPTHICK
LIPANG
t^l/L RATI0
L/R RATTO

XORLENG
XORlfIIDE
RIMTHICK
LIPTHICK
LIPANG
t,l/L RATIO
L/R RATI0

XORLENG
XORI.IIDE
RIMTHICK
LIPTHICK
LIPANG
l,¡/L RATIO
L/R RATIO

r.

13

17.66
17.59
0.74
0.67

89.36
0.99

.93

21.?3
21 .23
0.81
0.61

I 06.38
't .00
0.77

23 .50
23. 50
0.69
0.56

8l .50
I .00
0.80

4.10
4.07
0. l7
0. t8
9. 50
0.02
0.27

2.29
2.29
0.14
0:,l4
7.30
0.00
0.17

0.50
0. 50
0.04
0.07
8.76
0.00
0.06

¡-v al ue

-0. t 90
-0. I 94
-0.046
0.076

-0. I 92
-0.032
0.lts

0.668
0.684
0.360

-0.250
1.328
0. 137

-0. 5t 2

1.215
1.234

-0.349
-0.533
-0.895
0. t37

-0.374

F-Ratio

TABLE t3. Contingency tab'le
classification of
of Trial 4.

0.982
0"972
1.072
1 .077
0.721
t.233
1 .082

0.305
0.308
0.71 1

0.646
0.425
0.000
0.461

0.014
0.01 4
0.069
0. 189
0.612
0.000
0.062

RELOCATE
RIP-I O

I
2
3
4

conparison between the RELOCATE RIP-I0
Trial 3 and the MODE classification

TOTAL

MODE

24
18
27

2

71

1

12
0
0

13

0
4
0
0

Total

25
34
27

2

88



To summarize these 4 triats (Tabte 14)o results of the optimum

classifications for the 2 data sets and the Indicies of Similarity

derived from the minimum-variance procedures are tisted. It will be noted

that the Index of Similarity for the analyses involving the total

sample is greater than of the Jars alone. However, both indices

are nearly 0.0 indicating that there is a strong degree of similarity

among the vessels. In SILP0T, a large number of vessels are similar

in size even though shapes vary. This may account in part for low

values of the tndices. The only consistent distinction in morphology

is that between the plates and all other vessels. While there are

other detectable groupings, factors such as overall similarity indicated

low Index of Similarity values and placement of the maiority of iars

into a singte cluster in Trial 4; crosscutting stylistic variability

and, most important, the limited formal variation measured by the 7

variables leads to the conclusion that these clusters should be

considered onìy hypotheses of morphologica'l classes. '

Decorative Cl assi fi cati on

Turning to the 8 trials of decorative variation measured by the 33

binary attributes, it cannot be anticipated what patterns will emerge.

There is no reason the numerical methods should yield the same resuìts as

the categorizing approaches which have been applied by others in the past.

overall variation in individual attribute values expressed as percentage

occurrence in the sample (Fig. ll) is considerable. From this graph' it
can also be seen there are 8 attributes that are either very high or

very low in frequency occurrence.
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TABLE 14. Summary of cluster analysis results of morphological variation.

Trial Procedure No. of No. of No. of eleter Size_ Similarity Max Index of
vessels variables clusters T-z--Tn coef. - coef. Similarity

I RELoCATE 105 7 4 39, 10,37, 19 15.73 230.29 .068
(RrP-r 0)

2 MoDE 105 7 2 95, t0

3 RELoCATE gB 7 4 34, 2,25,27 14.09 249.92 .0564
(RrP-l o)

4 M0DE BB 7 3 71, 13, 4

I
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First row punctates (BDC0R6) occut s on 96% of the yessels and the 7 attri-
butes listed in Tabte 1þ occ1{f with-lgs,-s t-haq !fr f-reguêncy, while these

attributes are not invariant(universalìy, present or' absent) and thus

inadmissable at the outset (Sokat and Sneath lgZ3:.l05), they may cause

distortions in the analyses as will be seen below. Therefore, the first
trials will be interpreted from this point of view.

Trial 5

0bjective: To evaluate the attribute list based on the results from

application of yarious minimum-variance procedures.

Method: Analyze the 33 binary attrjbute data matrix for SILPOT using

I,¡ARD' DMDE and RELOCATE. The latter procedure is initialized from 2

different starting partitions:

l. l,lARD-l0: The '10 cluster classification obtained from

procedure l,lARD in this tria'|.

2. RIP-10: l0 groups obtained by a random allocation

of vessels.

Results and Discussion: Among the classifications generated by l,lARD

the 3-cluster partition was indicated to be of some taxonomic interest with

a change in similarity coefficient value of 1.08 at the fusion of 3 clusters

into 2 (fig.1,¡. Cluster sizesfprthis classification were 54, 36 and 15

vessels. Significant classifications were found at 2 different fusion

levels in the applications of REL0CATE. The RELOCATE l,lARD-lO analysis shows

a marked coefficient change of 0.43 at the fusion of 4 clusters to 3

[nig. t2 ) and the REL0CATE RIP-TO change fron 5 to 4 clusters was 0.42.

Clusten slzes for RELOCATE l,lARD-]O were 40, 26, 14, and 25; and for the

RELOCATE RIP-10 classification they were 14, 'l7,22,25 and 27. A contingency
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TABLE ls. Near r.¡niversally absent (=5% occurrence) decorative
attri butes.

Attribute Name

BDCOR4
B0c0R8
BDCOR9
BDCORI O

BDCORI 2
BDCOR32
BDCOR33

-59-

ot
lo

0ccurrence

2.0
1.0
2.0
1.0
4.8
4.8.l.0

Attribute

Cord wrapped tool
3rd row exterior punctates
lst row interior punctates
2nd row interior punctates
Irregular punctate placement
Incised line in punctate decorative field
Cord impressed lip interior
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table comparison [table l6) of these last 2 classifications shows two of

the clusteFs in the REL0CATE lrIARD-lO partition (Clusters I and 4) are

identica'l in membership w,ith 2 clustens in the RELOCATE RIP-I0 partition

[Clusters 4 and 5). The difference between the 2 classifications ]ies in
the allocation of the vessels of Clusten 3 ín the REL0CATE RIP-'I0 partition.

This cluster is divided between Glusters 2 and 5 to form Cluster 1 of the

RELOCATE hIARD-IO classification. The rest of the vessels in each of these

2 groups formed sepanate and distinct clusters in the RIP-T0 classification.

These observations suggest the 2 classifications are hierarchal'ly related

to each other.

A comparison of the REL0CATE !,¡ARD-I0 4-c'luster classification to the

IIARD 3-ctuster classification (Table 17) shows there is less overlap in

vessel allocation among clusters than in the previous comparison.

Results from DMDE provìded additional insight into the above analy-

ses. The division of 2 cluster into 3 decreased the simiìarity coefficient

by 0.92 (Fig. 12) signifying the 3-cluster classification is of relative

importance. Cluster sizes for this classification were 27, 34, and 44.

Cornparison of this classification with the RELOCATE I,JARD-ì0 4-cluster

classification (ta¡le l8) shows the sane pattern of allocating vessels from

a single cluster as descriþed aboye in the comparison of the 2 RELOCATE

äna'lyses

In the dendrogram (Fig. 13) accompanying the analysis the first 25

-61 i

divisions ane shown.

this further division appears to occur uniformly in the 3 major clusters

with only slight changes registered in the similarity coefficients. Shown

The first 3 divisions are the most marked, and below



TABLE 16. Contingency table comparison between the REL0CATE hIARD-10
and REL0CATE RIP-10 classifications of Trial 5.

RELOCATE
l.lARD-I O

t
2
3
4

TOTAL

-62-

RELOCATE
RIP-I O

TABLE 17. Contingency table comparison between the WARD and REL0CATE
WARD-I0 classif,ications of Trial 5.

00
017

140
00

14 t7

l^IARD

l3
9
0
0

22

l
2
3

TOTAL

5

027
00
00

250
25 27

Total

TABLE I8. Con.tingency table comparison between the RELOCATE I^,ARD-10
and DIVIDE classifications of Trial S.

39
1

0

40

40
26
14
25

105

RELOCATE

WARD..l O

4
22

0

26

t
2
3
4

TOTAL

l
0

t3

t4

10
l3

2

25

Total

DIVIDE

54
36
t5

105

0
26
t
0

27

0
0
9

25

34

40
0
4
0

44

Total

40
26
14
25

t0s
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with the branches in the dendrogram ane the yalues (presence = +,

absence = -) fsr the first 3 divisions. Only 2 attributes are involved:

pronounced bosstng [gDCOntZ) and flat lips [BDC0R28).

Comparisons of DIVIDE and the 2 REL0CATE analyses show the solutions

are similar atthough they occur at different fusion levels. This makes

it difficutt to pinpoint an optimum classification from among the 3

possibilities. Only 2 of the 33 attributes seem to account for the

grouping patterns recognized by these analyses. These results wilt be

further evaluated below following the MODE analysis of Trial 6.

-64-

Trial 6

Obiective: To evaluate the SILP0T binary data matrix using a variance-

free cluster analysis procedure.

Method: Subiect the same data matrix analysed in Trial 5 to procedure

MODE.

Results and Discussion: M0DE did not resolve significant clustering

and did not generate a classification. In several instances introduced

vessels became minor modes, but they never greþ, in size sufficiently to
satisfy the requisite number of dense points required to qualify the mode

as a legitimate cluster (t.lishart 1975:53-54). These minor modes rapidly

fused into the dominant mode as the analysis progressed. The implication

of this analysis is complete unifonrlity in decoration, in that all vessels

are assigned to a single c'lusten.

The resuJts of Trials 5 and 6 are clearly different. Thts led me to



further explore the minimum-variance procedure results. I chose the

DIVIDE 3-cluster classification and listed the percentage occurrence

of each attribute for each cluster (Appendix 3). Four attributes, rather

than two, account for the definition of c'lusters. Each of the key

attributes, pronounced bossing (BDcORt7) and flat tips (BDcoR2g),shows

a complementary inverse relationship respectively with slight bossing

(BDC0Rl8) and rounded lips (BDC0R29) (Fig. l4). The attribute tist thus

includes 2 sets of logically correlated attributes (Jardine and !rOron

l97l:25'26; sokal and sneath 1973:103-104) which has caused, through

redundancy of measurement, double weight'ing of certain characters.

The presence of either one implies the absence of the other, and so to

include both distorts the analysis. Corection of the problem for the

next trials involved deletÍng ì member from each pair thereby removing

redundancy and equalizing attribute weights. The attributes deleted

were slight bossing (BDC0RI8) and rounded lips (BDC0R29). These attributes

are in addition to those which were previously noted as almost invariant,

and thus another cycle of analysis was necessary to evaluate the attribute
list for distortion arising from that source.

-65-

Trial 7

0bjective: To evaluate the reduced attribute list based on the

results from application of various minimum-variance procedures.

Method: Analyze the data matrix for 105 vessels measured on 3l

binary attributes with procedures REL0CATE RIp-'10 and DIVIDE.

Results and Discussion: No optimum level of c.lassification was found
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in the REL0CATE RIP-l0 analysis as successlve similarity coefficients show

no sharp increases [Fig. t5). Sinilarity coefficient'change at each

division of SILF0T Ín the DIVIDE ana'lysis is erraticn and there are several

reversals [Fig. t5). Reversals lnpty that the distance between 2 newTy-

formed clusters is less than that measured between clusters fonned in the

preceding diyision ICIifford and Stephenson 1975:111). The largest increase

in coefficient yôlue between teyels occurs 'in the diyision of 2 clusters

fnto thnee. Sizes of the 3-cluster classîfication were I vessel each

for Clusters I and 2, and t03 for the third.' Attributes divided in these

2 steps v{ere second row interior punctates (BDCORI0)and third row exterior

punctates IBDCOR8), both near unjyersal]y absent attributes. The subsequent

division of 3 clusters into 4 also resulted from the division of another

near-universally absent attrÍbute, incised line (90C0R32),which also formed a

single-entity cluster. The entire analysis vìras characterized by this

pattern of separating small clusters from the main body of the sample.

Comparison of Tables J9and20 shows the pattern of splinter cluster

formation produced by DIVIDE at 5 successive divisíon levels to be mirrored

by a complenentary pattern of combining small clusters into a dominant

cluster in the REL0CATE RIP-I0 anaìysis. Results of DIVIDE suggest this

pattern to be largely the action of the series of attributes which show

only sl ight variations in frequency of occurrence.
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TABLE 19. Comparison of Cluster sizes in successive divisions of
procedure DIVIDE in Trial 7.

Division Level

I
2
3
4
5

-69*

Cluster Size

105
I
1

I
I

TABLE 20. Comparison of Cluster sizes in successive fusions of
procedure RELOCATE RIP-10 ih Trial 7.

t04
l
1

1

Fusion Level

1

2
3
4
5

103
t
I

102
99

Cluster Size

105
102

95
28
24

3
3

67
58

7

3
t3
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Trial 8

0bjective: To evaluate the reduced data matrix with a variance-

free procedure.

Method: subject the data matrix used in Trial 7 to analysis

with M0DE.

Results and Discussion: MODE produced only I classification of

5 clusters in this analysis. cluster sizes were 62, 20, z, 7 and 14.

The distribution of cluster sizes is similar to that obtained by

RELOCATE (24, 58, 13, 3 and 7) at the same fusion level in the preceding

experiment' but a contingency table comparison of these classifications
(Tabte 21) shows little overlap in cluster membership and no conclusion

concerning the classification can be made.

Both Trials 7 and I show distortion of vessel grouping persisted

with the inclusion of near-constant valued attributes in the attribute list.
In order to overcome this 9 (Tab'r e 22) of the l'l attributes which

attained interquartile frequences were selected for use in the next
ì

trials. The 2 attributes not selected were slight bossing (BDc0RlB)

and round ìips (BDC0R29), the logicat correlates already eliminated.

This reduction,aside from directly omitting certain information from

the analysis, also had the effect of pooling measurements for some re-
lated sets of attributes. For examp'le,the negative scoring of round

punctates (BDcoRl3) implied the presence of elongate (BDC0R]4), lunate

(BDCoR]5), or rectangular (eoconì6) punctates or when in combination with
negative scores for second row punctate (BDCOR7) and pronounced Bossing

(BDC0Rl7), implied the absence of punctates altogether. Information was lost
in the few cases where round and rectangu.lar punctates appeared on the

same vessel.



TABLE 21.

MODE

Contingency table
cation from Trial

1

2
3
4
5

-71

comparison of the REL0CATE RIP-l0 classifi-
7 and the MQDE cÌassilication from Ti^ial 8.

TOTAL

RELOCATE

l0 4t 4 3 4
t t0 9 0 0
02000
05002

t3 0 0 0 l

24 58 l3

Total

62
20

2

7
t4

105



Trial 9

Objective: To fin.d de-cor:Etive -classes in SILP0Lhased on-nininum-

vari ance pr_oc-edu ¡es.,

üethod: Subject to analysis with procedures RELOCATE RIP-10 and

DIVIDE the data matrix for I05 yessels ¡neasured on 9 binary attributes

CTabl e 22)

Results and Discussion: Although the change of similarity coefficient

shows 2 reversats in the RELOCATE analysis, a significant classification

is indicated at the 4-cluster'level [Fig. 16). Cluster sizes at this

fusÍon level are 23, 5, 68, and 9. For the DIVIDE analysis the change in

simÍlarity coefficient closely parallels the plot of values for REL0CATE'

but indicates a significant classification at the S-cluster instead of 4-

cluster level. The number of vessels assigned to each cluster is 69, 4'

30, I and l.

Table 23 shows the 2 classifications to be in substantial agreement,

but the DIVIDE analysis in the third and fourth divisions used invariant

valued attributes to form clusters of 1 member each. Because of this

tendency, the REL0CATE RIP-I0 classification is the more acceptable as

an optimum classification. r Attribute profiles for this latter classifica-

tion tFig. l7) show littìe similarity among cïusters; suggeSting they.represent

distinct groups. Ctuster I yessels have a high incidence of smooth ìips

IBDCOR|9) that are tool impressed, but not punctated (BDC0R22). High

frequencies of these characteristicsalso appear in Cluster 2, but this

clusten is differentiated from Cluster 1 by many vessels with a second row

of exterior punctates [BDC0R7), smoothing of the exterior surface (BDCORI )

and fabric Ímpression of the yessel interior adjacent to the tip (BDCOR2a).
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TABLE 22. Binary attributes used to measure decorative variation
in Triaìs 9 and 10.

Attri bute
Code

BDCORI

BDCORT

BDCOR] 3
BDCOR1 7
BDCORI 9
BDCOR2O
BDCOR22

BDCOR24
BDCOR2s

-73-

ol
lo

0ccurrence

33.4
28.6
72.4
40.0
35.3
65.8
25.8

26.7
67 .7

Attri bute

Smpothed Exterior Surface
Second Row Exterior Punctates
Round Punctates
Pronounced Bossing
Smoothed Lip
Fabric Impressed Lip
Tool Impressed Lip (0ther than

Punctated )
Fabric Impressed Lip Interior
Flat Lip

TABLE 23. Conti.ngency table comparison between the DIVIDE and

RELOCATE RIP-10 classìfications of Trial 9.

RELOCATE

RIP-I O

t
2
3
4

Total

00
l4

680
00

694

21
0
0
9

30

It
00
00
00
It

Total

23
5

68
9

105
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Cluster 3, the Iargest and most genenal, is characterized only by fabric

impressed lips [BDC0R20). C]uster 4 re'lates to Cluster 2 by sharing the

combination of exterior surface snoothing (BDCOR] ) and second row

punctatton [BDC0R7). These obseryations suggest that Clusters 1 and 4 are

related to one another because of their independerlt similarities to

Cluster 2.

Up to this point no examination of cluster composition has been

directed toward the 9 outlier vessels noted in Chapter 4. All nine were

gnouped into Cluster 3 by DIVIDT and most of them into Cluster I by

REL0CATE. As a test of the minimum variance procedures to discriminate

under-represented groups these results were not encouraging. The problem

appears to be with the information loss resulting from the attribute list
reduction.
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Trial 10

Objectìve: To find decorative classes of SILP0T using a variance-free

procedure.

Method: Subject the same data matrix used in Trial 9 to analysis

with MODE.

Results and Discussion: MODE generated 4 classifications after 52

yessels had been introduced. The first of these has 20 clusters and vessels

were almost equally divided anong the clusters of this classÍfication

[Table24I. Fol]oming this, the analysis proceeded in a series of nestäd

fusions reductng first to an l1-cluster classification without further

intnoduction of vessels. C'luster 1 dominated this classification in terms



TABLE 24. CTuster sizes of different M0DE classifications in
Trial t0.

Cl assi fi cati on
Level

20

tl

2

-77 -

l0
3

42
3

479666762
399352323

C'l uster Si ze

21 6

7s 30

9 3 2



of number of members [Tab1 e 24I. Further reduction to 2 clusters occurred

ìn a second serfes of nested fusions. Then 14 additional vessels were

fntroduced and fused inunediately fnto one of the 2 c'lusters. Introduction of

thefifteenth yessel generated the 2-cluster classification (Table 24) and

caused fusîon lnto a single cluster comptgtins the analysis.

The salient polnts in this analysis,are:

1. Resotution of the 20-clusten classification.

2. The sequence of nested hierarcltal fusions of

the 20 clusters into one of 2 final:clusters.

The final classification is not wenly proportioned in terms of the number

of yessels în each cluster. This classlffcatÍon is also the most comparible

to the RELOCATE RIP-10 4-cluster classification of the preceding trial.
Although not in complete agreement, the comparison (Table 25) shows

substantial overlapping memberships between Clusters 'l and 3, and Clusters

2 and I of the M0DE and REL0CATE RIP-l0,.classifications respectively.

It will be recalled from the discussion of the RELOCATE RIP-10 4-cluster

classification from Triat g, Clusters I and 4 were related to Cluster 2;

this relationship continues in the M0DE classification. 0ver half the

possible membership of each of these related clusters in the REL0CATE

classificatÍon appear together in MODE Cluster 2. tlhile it is not possibïe

to statistica'lly denonstrate the signíficance or strength of classifactory

agreement exhibited in this comparison' it appears reasonable to accept

them as conslstent in class definition. Attribute profiles for the 2

clusters [Fig. 18) exhibit an Tnverse relationship. C]uster J, because of

its targe sÍze, is diagnostic only on a sjngle attribute: fabric impression

on the lip [BDC0R20). 0n the other hand, Cluster 2 shows high incidences
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TABLE 25. Contingency tabte comparison between
4-cluster classification of Triat 9
classification of Triat 10.

RELOCATE

I
2
3
4

-79-

Total

MODE

1

2
68

4

75

the RELOCATE RIP-ì0
to the M0DE 2-cluster

22
3
0
5

Total

30

23
5

68
9

105
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of smoothed exterior surfaces (g0C0R1) and smooth lips (BDCORI9) decorated

with non-punctate tooì impressions (BDC0R22). Comparing these profiles

with those of the RELOCATE 4-cluster c'lassification in Trial 9 (Fig. l7),

it can be seen that the M0DE Cluster 2 is most simi'lar to REL0CATE RIP-I0

Cluster l.

_81

The REL0CATE RIP-l0 classification did not provide satisfactory

differentiation among the Laurel, Blackduck, and miniature vessels. At

the most exclusive level of classification, MODE distinguished the

miniature vessels most clearly (Tabl e 26) and during the nested fusions from

20 to ll clusters, it retains this group. In the final classification they

were fused into the smaller of the 2 clusters. That these outliers are not

isolated into separate c'lusters is a reflection of the information content

recorded by the attributes. Inclusion of them with better represented

groups distorts the character profiles of the above described clusters

(Anderberg 1973:183). For the final 2 trials, therefore, I selected only

the 74 iessels which had been identified as Winnipeg or Grass River Fabric-

impressed. Attribute frequencies changed with the sample reduction and 3

attributes were added to the list (Tab1e 27).

Trial ll
0bjective: To find decorative classes in the subset of lJinnipeg and

Grass River Fabric-Ímpressed vessels using minimum-variance procedures.

Method: Subiect to analysis a data matrix for 74 vessels measured on

l2 attributes with procedures DIVIDE and RELOCATE RIP-l0.



TABLE 26. Clusterr assignments of outliers in the 3 MODE classifications
in Trial .l0.

Vessel
No.

9

24
33
43
89

6
71

72
90

-82-

Identi fi cati on

Laurel

Black Duck
Black Duck
Black Duck
Black Duck

Mi ni ature
Mi ni ature
Mi ni ature
Mi ni ature

2(4)

TABLE 27. Binary attributes used to measure decorative variation
ín Trials 11 and 12.

6
6

10
2

(6)
(6)
(2)
(4)

(5)
(5)
(e)
(5)

Attri bute
Code

l6
l6

4
l6

2(21

BDCORl
BDCORT

BDCOR1 3
BDCORl 6
BDCORI 7
BDCORI 9
BDCOR2O
BDCOR22

BDCOR23

BDCOR24
BDCOR2S
BDCOR3O

2(21
2(21
2(21
2(21

7(5)
7(5)
2(21
7(5)

ol
lo

0ccurrence

2 (30)

2(30)
2(30)
2(30)
2 (30)

2(30)
2(30)
2(30)
2(30)

21 .7
29.8
74.4
t 6.3
43.3
25.7
7 4.4
23.0

79.8
25.7
69.0
24.4

Attri bute

Smoothed Exterior Surface
Second Row Exterior Punctates
Round Punctates
Rectangular Punctates
Pronounced Bossing
Smoothed Lip
Fabric Impressed Lip
Too'l Impressed Lip (0ther than

Punctated )
Smoothed Lip Interìor
Fabric Impressed Lip Interior
Flat Lip
txterior Fillet



Results and Discussion: The DIVIDE analysis again showed reyersals

[Fig. l9)'but lndicated a significant classification at the 4-cluster leyeÏ.

Cluster sÍzes qt this 'level were 59,2,12, and l. The Z smaller clusters

were divîded fron the largest by division of constant-valued key attributes

produced in the first division. Changes in coefficient values of cluster

fusÍons for REL0CATE RIP-10 showed a sharp increase at the fusion of 2

clusters lnto I (Fig. t9 ) indicating the 2-cluster classification to be of

interest. Cluster sizes are uneyen; Cluster 'l has 6 members and Cluster 2

has 68. Attribute profiles of these 2 clusters (Fig.20 ) are also dis-

similan. tne proiile for Cluster 2 is almost a straight line, while that

for Cluster I attains extreme yalues on 5 of the 12 attributes. Particularly

noteworttyis the absence of the 2 attributes for punctate shaper Fourìd

(pocon 13) gnd rêètångular (aoc0R t6), imptying the presence of eirher tu-

nate or elongate forms. Vessels with a second row of punctates (BDCQR7)

are frequent.

-83-

Trial 12

Obiective: To find decorative classes of l,linnipeg and Grass River

Fabric-impressed vessels based on a variance-free procedure.

Method: subject the same data matrix used in Trial il to pro-

cedure M0DE.

Results and Discussion: The MODE analysis generated 5 classifications.

The largest nunber of clusters reported in a single classification is 6

wÌth sizes of 40, 7, 14, 8, 2, ând 3. This classification was generated

after 54 vessels were introduced. The subsequent 5 steps in the analysis

consisted of Clusters 1,2,3, S and 6 becoming nested into a Z-cluster
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cìassificatl'on with 66 and 8 nembers each.

Because of the hierarchfcal relationship between the first and last
classîffcations, the latter was chosen for comparison (ta¡le 2g) with the

2-cluster RELOCATE RIP-I0 classification of Trial 11. ConjoÍnt membership

in the smaller clusters in each classification is only 2 vessels. Compar-

ison of the attrlbute profiles for the 2 clusters in this classification

[Ftg. zl ] with those of the previous Triat [rig. 20) shows discrepancies

between the 2 smaller c'lusters. In the REL0CATE RIP-]0 classification

the smaller cluster has high occurrence of a second row of punctates

(BDCoR7) in contrast to a batanced occurrence of this attribute in the

MODE classification. The smaller M0DE cluster is only diagnostic in the

occurrence of rectangular punctates (BDCOR]6) in contrast to its non-

occurrence in the RELOCATE RIP-IO Cluster 1. Other contrasts can be seen

in the comparisons of tool impressed lips (BDC0R22) and fabric impressed

lip interiors (BDCoR 24).
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Because both MODE and REL0CATE RIP-I0 respectivety group over 90% of
the vessels into a single cluster, and both find 2 classes they may be

considered as representing a noBust classification of vessel decoration

for the selected sample. These numerically smaller groups are not consis-

tent between the 2 classifications whÍch makes their interpretation

difftcult; they may be an under-represented group in the sample, or reflect
spurious comelattons arising frorn attnibute reduction.

SunmarizÍng the last 4 triats [Tabt e29 ),no c]ear pattern of grouping

emerges; each analysis finds a different arrangement of vessels. The

Index of Similarity decreases in value with the reduction of vessels between



TABLE 28. Contingency table
classification in
Trial 12.

MODE

t
2

-87-

Total

comparison between the RELOCATE RIP-t0
Trial ll and the MODE classification in

RELOCATE

-"

62
6

68

4
2

6

Total

66
I

74
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TABLE 29. Sunmary of cluster analysis results of decorative variation.

Trial

9

9

l0

1t

t1

12

Procedure No. of
Vessel s

RELOCATE I05

DIVIDE I05

MODE IO5

RELOCATE 74

DIVIDE 74

MODE 74

No. of No. of
Attributes Clusters

9

9

9

12

12

12

4

5

20-11-2

2

4

6-2

Cluster SizesTr-,{
23,5,
69, 4,

75, 30

6, 68

59, 2,

66, B

Similarity Maximum Index of
Coefficient Coefficientsimi t ari ty

68' 9

30, l,
0.139

I 0.210

0.168

0.25112, 1

9

9

12

t2

.0t 5

.031 6

.014

.020

I

æ
r.o

t



trials l0 and l1 and in all cases the Index values approach the

complete similarity value given for the Index. A tendency for the

number of clusters per classification to decrease is aJso

coincident with sample reduction. All 6 classifications are

dominated by 1 cluster to which most of vessels are assigned; the

lowest percentage in assignment is 64.7% for the RELOCATE RIP-10

classification in Trial 9. These observations lead to the

conclusion that there is almost uniform taxonomic correlation in the

decorative attributes under study
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CHAPTER VI

CONCLUSIONS

In concluding this study, I shall, reiterate the objective which

was to see if vessel groupings could be found in a sample of pottery

from Southern Indian Lake, Manitoba. Recognition of different aspects

of formal ceramic variation and the distinctjon between "imposing" and

"deriving" a classification have been key to forming the analytical

approach selected. Data from the vessels were collected to separateìy

measure morphological and decorative variation. c'luster analysis

procedures were used to analyze the data. These procedures, within

limits, derive groupings by seeking out taxonomic correlations among

attributes. Minimum-variance procedures v{ere counter-balanced by a

variance-free procedure to facilitate interpretation and evaluation

of various optimum classifications.

Difficulties were encountered which límit the usefu'lness of the

classifications. For example, incomplete reconstruction restricted

comprehensive measurement of vessel morphology. Also, a problem of

logical correlation among decorative attributes was encountered which

resulted in deleting 2 attributes from analysis. Another problem arose

after the data were compiled;8 decorative attributes were found to be

almost invariant. Distortions from this source vuere observed in an

ana'lysis trial and further se'lection was made of the attributes. This

had the effect of delet'ing information and pooling attributes. The full
consequences of these modifications were not clear. Also, the sample

itself was not drawn as a statistical representation of any population.
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However, because of i'ts size, over a hundred Vessels, and because of

some distinctive variation in visual terms, it was studied as a

popu 1 ati on .

Despite these problems, groupings in both categories of variation

were found. The most prominent were morphologicaì groups representing

eliptical plates and other circular orifaced vesseJs. Some evidence

for additional grouping în this latter class was found, but the

classificatÍons were not robust or stable and differences r^,ere slight.
After screening and eliminat'ing attributes distorting the analysÍs of

vessels into decorative classes, it was found that a number of groups

were determinable, but again the analyses did not yield stable results,
and there was a tendency for the majority of vessels to be grouped

together in single clusters by each optÍmum classification. Definition
and characterization of these groups would be premature.

The analyses show there is potential for finding groups which are

not the same as those derived by arbitrary categorization.

The value of exploratory cluster analysis is primarily
in the tendenðy'rõr-ñãw"uirung.*"nts of data units or
variables to-suggest relationihips and principles prev-
iously unnoticed. The substantive resuits arà not the
output of the.computer but the new ideas prompted in irreanaìyst's mind (Anderberg 1973:19).

This study was thus undertaken as a necessary step in establishing

the nature of formal ceramic variation in Southern Indian Lake ceramics.

Any stable grouping eventuaTry established using this approach and

these techniques will. have the advantage of being rooted in patterns of
taxonomic comelations which may be the products of, and therefore
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evidence for, the cultural system responsible.

The next stage of the strategy wil'l require conducting analyses with

less restrictive programing limitations on an expanded data base for the

Southern Indian Lake material and on other regional samples. Steps which

can be taken to expand the data include definition of additional attributes

and increasing sample size. Caution will have to be exercised in this

process so that the problems creating analysis distortions such as those

encountered in this study are avoided. If possible, samples drawn from

narrower time periods should be seìected over samples representing longer

periods. Rather than continue in generating classifications which yield

visually distinctive classes like the jars and plates in SILPOT, cluster

analysis m'ight be more profitably applied to each group separately in

search of less obvious grouping patterns. Another avenue of investigation

is to form composite analytical samples from several regional samples and

ascertaining similarities and differences in morphology and decoration at

a broader geographic scale. In this way, by investigating and establishing

the nature of ceramic variation, more insightful cultural reconstruction

and understanding of cultural processes for the Late Prehistoric Period

of the forest regions of central Canada will be possible.

-93-



REFERENCES CITED

ANDERBIRq, 1'I. R.

1973 C\usþer ørwLysôs for applôcat¿ons. Academic Press, New York.

ATLES, H. A. and G. D. l(0StrNSKf

1974 The fishenies of Southern Indian Lake: Present conditions and
impltcations fot' hydroelectrfc deveJopment. The Lake Wùnnipeg,
C?nne?riLL ønå NeLson Rôtters StudA Boapd TeehnieaL Reçtont,
Appenåùæ 5[l )-H.

BEKE, G. J., H. VELDHUIS' and.l. THIE

1973 Bfo*physical land inyentory of the Churchill-Nelson Rivers
study area north-central Manitoba. TTte Lake Winnipeg,
c?turehôLL qnå, NeLson Rôuers S"blt¿A Boatd, IeehnieaL Report,
Appendôæ 3-4.

BINFORD, L. R.

1965 Archaeological systematics and the study of cultural process.
A¡nerôcqn Antòqt rtb¿ 3l (2 ) :203'210.

BREt¡l, J. O.

1946 Archaeology of Alkali Ridge, southeastern Utah. Papens of the
Peabody I'Ít¡setnn of Amertcan AreltseoLogy and EtVmpLogA'
Haruavd ïtnôuersôty, 21.

BR0l'lN, R. J. E.

1970 Permafrost as an ecological factor in the Subarctic.
NatíonaL Reseoteh CouneíL of Canada, Diuision of BuiLding
Researeh, TeehwieaL Paper 313.

CARMICHAEL, P. H.

1977 A descriptive surrlnary of Blackduck ceramics from the
Wanipigofu Lake site area (EgKx-l), '1975 and 1976.
Pøpers ôn Møn)toba Areha,eoLogg, MiscelLaneous Papter 5.

CLAYTON, J. S., W. A. EHRLICH' D. B. CANN, J. H. DAY and J. B. MARSHALL

1977 ïoîLs of canadn. Canada Department of Agriculture, Ottawa.

CLEúqH, T. R., H. AYLES, ANd ÌT. BAXTER

1974. The morphometry of Southern Indian Lake: Present condÍtions
and implicattons of hydroelectric deyelopment. The Lake ttínnipeg,
ClntrehìLL and Ne\son Rèuers StudA Board" TechnieaL Report'
Appendtæ 5(l )-8.

-94-



CLTFFORD, H. T. and t.l. STEPHENSON

1975 {n intnoúrctíon to 4wtp íeal ehassåfieatí.on,
Academic Press, Nelv Tork.

CRONTN, C.

1962 An analys.is of .pottery.design elements indicatÍng possibilities
between three däcoratéd.-typët.. in-ffiãpters in iñ.'Þrènirto"yof Eastern Arizona t, e¿iiäo ¡v Þãui 5. Marrin.
FàeLdôarn AnthropoLogg 53:'l OS_j 4t .

DAVIES, J. F., B. B. BANNATYNE, G. S. BAREY and H. R. MCCABE
1962 .c:olqgv øtd, môneraL res_orrees of Manitoba. province ofManitoba, Department of Mines ai'¿ ñáiúi.ãl-Re;ôñóäil winnipes.

DAl,lS0N, K. C. A.

1973 Blackduck ceramic tradition computer ana'lysis program.
National Museum of Man, 0ttawa.' Xeroiä¿.-

1977 þ upplication of the dÍrect historicar approach to theAlgonkians of northern Ontario. c"r*a¿*r' ¡o*"*t-ár'"
AreltaeoLogy, I : 1 5l -l gl .

DICKSON, G. A.

1972 An archaeological appraisal of southern Indian Lake.
chtæehíLL Diuersíon ArelneoLogicaL projeet, iu"t*äàz Repont 6.

1975a Excavations at sIL54: progress report no. r. ArertaeoLogicaLReseæeh Center, Reseateh Aeports i.
1975b Kame Hi'll:-locality, Southern Indian Lake: End of seasonreport 1975. AreVne-faets, 2:l_10.
1976 Recent radiocarbon dates from northern Manitoba. pøptens inMw¿¿toba Arehaeology, M.íseel\uteous-eopno, 3 :l-s6. -

D0RAN, J. E. and F. R. HODSON

1975 Mathennþícs and eonputens in a*e?weo\ogy. Harvard University
Press ' Carnbridge.

DUNNELL, R. C.

1978 Style and.functîon: -_A_fgndarnental dichotomy.
Amerìcan Antèquëfu 43 zl:92-202.

-95-



ELSoN, J. A.

1967 qggJogJ of Glaciat Lake Agassiz. In Life, Laná. and, uaten,edited by l,lÍtIiam J. I'tayei-0akes, pÈ.-¡7-és.--0.õ.rñänt orAnthropotoe.y, universiry of Manitobä, ó.cãiìonãi"Þäöäis r.
EYERTTT, B.

1974 CT.uster AnaLysís. John l,liley and Sons, New york.

FALC0NER, G., J. D. Iy,ES,0. H. LøKEN, and J. T. ANDREI^IS

1965 Major end moraines in eastern and central arctic canada.
GeogvapliêcaL BLLLLetèn, 7 :137 -153.

FEIT, H. A.

I969 Mistassini_Hunters of the boreal forest, ecosystem dynamics
and muttiple subsisrence patrerns, unpubli;ñãä-M:Ä.-Íüesis,
McGiIl University.

FORD, J. A.

1938 Report of the conference on southeasteyn pottery typology.
Ceramic ReposÍtory, Museum of Anthropology, uniieriiiv' otMichigan, mimeographed. ' --

1954a ÇSr.lt on A. C. Spautding:
"statistical.techniques fõr the discovery of artifact types.,,
Amer.ican Antiryíty 1g:390_3gl .

t954b The type concept revisited. Ameríean AntvrcopoLogist 56:42-54.

HANNA, M.

1975 Investigations of the MacBride-Barrington Locale. AnevneoLogieaL
Reseatch Centen, Reseateh Reponts l.

HECKY, R. E. and H. A. AYLES

1974 lupnary of fisherÍes-linnology investigations on Southern IndianLake- Lake_ win .ipeg, mrnehi;iq anã, weison Riuirs st"aù Board.,?eehnùeal Repont" Appen&ùæ 5(l )_A.

HLADY, H. l,l.
1970 Manitoba - The northern lûoodlands. In ren thousand, ueatsa*etmeotog.v yn Mgnttoôø, 

^edited bv_l'faIt.r 
-lrr.'Hlãdt; 

ñ: 93-r2r .lfanitoba AichaeoÏ ogical 
- 
Soc.iety,-Ál tõnã.

1971 An intnoduction to the archaeology of the ldoodlantl area of north_ern ManitobE . Manôþoþa AreT.aeoLág¿,eøL Iteusletter" g,i-OO.

-96-



JARDINE, N. and R. SIBSON

1971 MathematieaL ta,æonowg. John l,liley and Sons, Ltd., London.

KELLY, M. E.

1975 Sandhill Bay localityo Southern Indian Lake: End of season
report 1975. Arehtøe-facts 3:14-19.

MACNEISH, R. S.

1958 An introduction to the archaeology of southeastern Manitoba.
National lth¿seum of Canaåa, BuLletin 157, AnthuopoLogieaL
Series 44.

MANITOBA DEPARTMENT OF MINES, RESOURCES AND ENVIRONMENTAL MANAGEMENT

1974 Physical impact study: Lake Ítinnipeg, C*turehíLL arú. NeLson
Riuers Stu¿A Boæd" IeehnicaL Repo-rt, Appendiæ 2(1)-4.

MCINNES, t,l.

l9l3 The basin of the Nelson and Churchill Rivers. GeoLogícaL
Surtsey of Canaán" Mqnoír 30.

MCPHERSON, A.

1967 The Juntunen Site and the Late Woodland prehistory of the
Upper Great Lakes area. þhtseum of AntlwopoLogy, Uniuersity
of Míehigan, AntVrcopoLogicaL Papers 30.

MEYER, D.

1975 Prehistoric pottery from northern Saskatchewan. Sasl<ateheusan
Itt¿seum of naü,uaL History. Xerox.

NICHOLS, H.

1967 The post-glacial history of vegetation and cljmate at
Eunadai Lake, Keewatin and Lynn Lake, Manitoba. EiszeítaLter

umd' Gegem'tan¿ , 182176-197.

PENNER, F.

1974 Anticipated effects of the Churchitl River diyersion proiect
on ice cover of Southern Indian Lake. Lake Winnipeg, ChtøehiLl
and, NeLson Rioers StudA Board, TeehnieaL Report, þpenái.æ 2(l )-F.

PETTIPAS, L. F.

1976 The implications of isostatic rebound for archaeological studies
in Manitoba. Papers ín Manitoba ArehaeoLogy, MiseeLLane.ous
Pøpters 3:57-77. '

^97 -



RTTCHIE, J. C.

1962 A Geobotanical survey of northern Manitoba. Aretíe rnstitute
of North Ameniea, TeehmieaL Papen 9.

ROt'lE, J. s.
1972 Forest regions of Canada. Canadian Fonestry Sem:iee,

PubLication 1300.

SOKAL, R. R. and P. A. SNEATH

1963 PrùneipLes of rzwnenicaL taæonorny. l,l. H. Freeman and Company'
San Francisco.

SPAULDING, A. C.
.l953 Statistical techniques for the discovery of artifact types.

Anteniean Antiquity 1 I : 305-31 3.

1954 Reply to Ford. American Antiquity 19:391-393.

STOLTMAN, J. B.

1973 The Laurel Culture in Minnesota. PubLieations of the Minnesota
HistorieaL Socíety, Minnesota Prehistovíc AreltaeoLogg Series 8.

THOMAS, D. H.

1972 The use and abuse of numerical taxonomy in archaeology.
AneTaeoLogA and PhysicaL AntTwopoLogy in )eeanín 7:31-49.

TREI¡IARTHA, G. T.

1954 An introduetíon to cLimate. McGraw-Hill Book Ccxnpany, Inc.,
New York.

bIARD, J. H.

1963 Hierarchical grouping to optimize and objective function.
JounnL of the Amer\eæt StatistieaL Association 58:236-244.

l,lEBB, R.

1974 hliìdlife resource impact assessment Lake l.Iinnipeg, Churchill
and Nelson Rivers hydroelectric pro.iects, rìo. 2 - Southern
Indian Lake. fhe Lake Wùnwipeg, eluyehiLL aná.. Ne1;son Rìoers
Stt¿d.A Eoard, Teehnì,eaL Report" Appenåiæ 6-8.

Ì^IIERSUM, l^1. E. and D. K. RIDDLE

1971 Surface ceramics from Southern Indian Lake. CVturehiLL Diuersíon
ArehtaeoLogieaL Pnojeet, IeehníeaL Report 3.

-98'.



},IILLEY, G. R. and J. A. SABLOFF

1974 A history of Aner'iean ateTneoLogg. l,l. H. Freeman and Conpany,
San Francisco.

I,IISHART, D.

1969 Mode analysis. Tn wmerieaL tanononry edited by A. J. Cole,
pp. 282-311. Academic Press, New York.

1975 1LUSTAN le user manz¿al. University College London, London.

t,lOOD, l,l. J.

1975 Leaf Rapids locality, northern Manitoba: End of season
report 1975'. AreTne-facts 3:4-l 3.

t,l0OD, l,l. J. and L. I^IASNICK

1976 The ceramic plates from Southern Indian Lake, Manitoba.
Papers in Manitoba Archaeology, Miscellaneous Papers 3:l-.l8.

hIRIGHT, J. V.

1968 Cree cultural history in the Southern Indian Lake region.
NatíonaL lhtseum of Canaán, BuLLetin 232:l-31.

YARNELL, R. A.

1964 Aboriginal relationships between culture and plant life in
the Upper Great Lakes region. Ihrcetnn of AntVtnopoLogy,
Uníuersity of Michigan, AntVtropoLogíeaL Papens 23.

-99-



APPENDIX 1.

SILPOT SIL SITE RIM SHERD

VESSEL SURVEY CATALOGUE
NUMBER NUMBER NUMBER

Catalogue identification of SILPOT vessels.

I
2
3
4
5
6
7
I
9

t0
t1
12
13
14
15
t6
17
l8
19
20
21
22
23
24
25
26
27
28
29
30
3l
32
33
34
35
36
37
38
39
40

I
132
132
132

00
2
1

2
I
t

36
34
35
37

184
54
37
5l
5t
53
5l
53
5l
5l
51
55
5t
5l
54
5l
5t
51

5l
54
54
54
54
54
54
54

l9
87
39

il9
505
108
644
l9r
748

1136
2.l51

.l65

5
339

11208
66

2556
.2753

40
4073

12
4066

211
4087
145
832

2769
I

1384
353

4117
10248
I 0500

9693
11122

6'l l8
11397
8684
6087

SILPOT
VESSEL
NUMBER

SIL SITE RIM SHERD

SURVEY CATALOGUE

NUMBER NUMBER

4l
42
43
44
45
46
47
48
49
50
5l
52
53
54
55
56
57
58
59
60
6l
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

54
t8t
127
127
127
257

54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54

140
t84
184
184
127

59
111
ill
228
208
228
123

3
303
384
834
207

'13731

I 8863
12710
12467
I 3882
17697
I 8978
t 8804
I 8402
1 8899
17637

2061
613
686

3586
15767
3248

614
3034
3834

652
6il

I 6387
17

202
65

7
779

39
384
508
6l

2
62
t8
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APPENDIX 1 Cont'd.

SILPOT SIL SITE RIM SHERD
VESSEL SURVEY CATALOGUE
NUMBER NUMBER NUMBER

8l
82
83
84
85
86
87
88
89
90
91

92
93
94
95
96
97
98
99
00
0l
02
03
04
05

- 101

123
228
127
I30
144
129
130
232
269
269
269
182
182
182
182
182
182
182
182
182
182
182
t82
182
t4t

l9
219
170
168

3
4

32
28
62

314
778

1073
21s9
2041
t 870
2088
1 007
2284
1294
ì 528
I 735
584

2005
2114

32

I
'l

I
I
1

I



APPENDIX 2 . Computation of squared Euclidean distance coefficients

{02r, ) .

For binary data the squared Euclidean distance coefficient is

the sum of mismatches in attribute comparisons. Consider the cont-

ingency table where â, b, c, and d represent cell frequencles:

i

Then:
)

D'** = b + c (Anderberg t973:ì'17)lJ

For continuous measures squared Euclidean distance is the non-

directional distance between any 2 entities located as po'ints in a

Cartesian coordinate system after transformation to z-scores. Thus:

Presen

Absent

Present

a

Absent

c

b

d

D2. .
ìJ

k=n
4-)

k=l lz, - z¡)2 (Everitt .l974:56)
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APPENDIX 3. Computation of t-values and F-Ratios

I,lishart (1975272) provides t-values and F-Ratios as part of

the results for analyses whfch involve continuous variables. These are

descrjptive statistics and provide a means of iso'lating variables which

may be important in the formation of the different c'lusters in a

classification. They are computed as follows: '

where X-r,

x.,
J

and s.j

and

s.j

the cluster mean for continuous variable i
the overall sample mean for variable i
the overall sample standard deviation

t-value =

where szr,

and s2.¡

xij - x'j

,2 ,,
F_Ratio = +s .J

= the cluster variance of continuous variable j

= the overall variance of continuous variable j
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APPENDIX 4.

Attri bute

fg¡geltage occurrence of binary attributes in the
DIVIDE 3-cluster classificatioñ from Trial 6.

BDCOR T

2
3
4
5
6
7
I
9

t0
il
12
13
l4
l5
ì6
17
t8
l9
20
21
22
23
24
25
26
27
28
29
30
3l
32
33

Clustel _þrcentage 0ccurrence

33.4
92.6
3.8
0"1
0.1

96.3
37.1
0.1
3.8
3.8

14.9
0.1

85.2
14.9
0"t
7.5

t 00.0
3.8

26.0
8't .5
7.5

14.9
74.1
37.1
3.8

11 .2
I00.0
t00.0

0.t
14.9
7.s
0.1
0.1

47.1
82.4
8.9
0.1

17 .7
91.2
?3.6
0.1
3.0
0.1
0.t
8.9

73.6
11 .8
5.9
8.9

44.2
47.1
47.1
47.1
il.8
26.5
88.3
17.7
17 .7
17 .7
76.s
0.1

I 00.0
20.6
8.9

1t .8
3.0

22.8
8t .9
il.4
4.6
4.6

1 00.0
27.3
2.3
0.1
0.7
6.9
4.6

63.7
9.1

tt.4
18.2
0.I

93.2
31 .9
70.5
ll.4
31 .9
72.8
27.3
l1 .4
4.6

95.5
t 00.0

0.ï
25.0
It.4
2.3
0.t
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