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ABSTRACT 
 

The results of a multivariate study of approximately 1,500 
ground stone tools (celts) from the Coast Salishan cultural 
area of British Columbia , Canada, are presented in this 
book.   
 
An attempt was made to understand the variability within the 
study collection through the classification of individual 
artifacts.  A special-purpose descriptive typology was 
created, which encompassed all study collection celts and 
can incorporate new finds as they may occur.  It was 
formulated using three principles: an archaeological typology 
must have a particular purpose; this stated purpose guides the 
selection of attributes; meaning derived from or ascribed to 
the types must be in accord with their purpose, content and 
means of construction.  The divisions between types were 
defined using the median, a stable measure of central 
tendency, so as to retain the relationship of the type 
membership to the class of artifacts as a whole.  Thus, not 
only is each celt classified, but its three dimensional 
relationship to all study area celts is inherent in the type 
definition.  Subsequently, an attempt was made to create 
general purpose and functional typologies using hierarchical 
cluster analysis, following the three principles used in the 
descriptive typology.  Gower's coefficient, able to include 
attributes measured at any scale, was used to create the 
resemblance matrix.  Despite the observed diversity within 
the study collection, no types were 

isolated using this technique.  The behavior of the 
resemblance matrix under different taxometric applications 
suggested a weakly defined data structure. This was 
inconsistent with the assumption that celts, being hafted 
artifacts made with a controlled and laborious manufacturing 
technique, should show some standardization of form. 
 
Prompted by these unexpected negative results, a further 
attempt was made to understand the variability within the 
study collection through analysis of the behavioral processes 
which may have influenced the manufacture, morphology, 
and discard of celts.  The apparent low degree of 
standardization into "types" is suggested to result from the 
cumulative effect of differential preform manufacture and 
morphology, repeated resharpenings and repairs over a 
lengthy use-life, and periodic re-tooling.  Morphological 
changes over the use-life stop with entry of the celt into the 
archaeological record, which can happen at any point 
through loss, breakage or discard.  These non-stylistic, non-
functional influences cause a convergence of celt size and 
shape, and blur any discrete types which may have existed at 
the point of manufacture.  The intense reuse, reduction, and 
repair of the celts is suggested to be largely driven by a 
thrifty attitude towards the valuable, localized raw material. 
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Preface 
 

This book comprises the largely unrevised text of my M.A. 
thesis (Mackie 1992) written at the University of Victoria, 
British Columbia.  When revisiting work done several years 
previously I suspect there is always a tendency to see the 
faults and want to fix them all.  This can usually only be 
done by getting back into the project up to the elbows.  With 
the benefit of hindsight and experience, I am keenly aware of 
the shortcomings of this work, and discuss some of these in 
the conclusions.  Nevertheless, I have elected to let it stand 
more or less as it is in the hope that its strengths outweigh its 
weaknesses.  At the time I was writing this work up as a 
thesis the important book Archaeological Typology and 
Practical Reality (Adams and Adams 1991) was not 
available.  The Adams' work is undoubtedly more 
sophisticated, rigorous, and incisive, yet, I believe it is 
roughly congruent with the more naive approach I followed 
in this research.   To avoid possible confusion, the word 
“celts” has been dropped from the title, but is used 
throughout the text for reasons outlined in Chapter 2. 
 

Rob Hosfield did most of the work of preparing this version 
of the text, which was produced while in receipt of support 
from the Commonwealth Scholarship Commission (U.K. 
division) and from the Social Science and Humanities 
Research Council of Canada.  The original research was 
funded by a scholarship from the University of Victoria and 
the B.C. Heritage Trust Charles E. Borden Scholarship.  A 
more exhaustive list of acknowledgements is given in my 
M.A., but I would now like to reiterate my special thanks to 
Ann Murphy, to whom the M.A. was dedicated, for all her 
support.  Clinton Coates helped with the tedium of 
measurement while Richard Chadwick tamed Steve Cross' 
FORTRAN program for calculating Gower's coefficient.  
The members of my M.A. committee were very helpful 
throughout: Verena Tunnicliffe, John Oleson, and Nicolas 
Rolland.   Finally, my supervisor, Donald Mitchell, who 
retires this year after a long and distinguished career in 
Northwest Coast archaeology and ethnology, deserves 
special thanks for all his creative, timely, and friendly 
advice. 
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Chapter 1 
 

INTRODUCTION 
 

Most people are familiar with the process by which kitchen 
knives change shape with use.  Repeated resharpening 
reduces the finest blade to a miserable steel toothpick, which 
ultimately ends up in the garbage bin or back of the drawer.  
Others, through use or misuse, lose their tips or their handles, 
and are reincarnated in the workshop as screwdrivers or putty 
knives.  Still others, inevitably including a few new ones, are 
lost on picnics or at the beach, or get swept off the chopping 
board with the carrot peels and join their worn out 
predecessors in the landfill.  This use-life history is clearly an 
important influence on the shape of any individual knife.  
When combined with the varied circumstances of deposition 
it further influences most collective descriptions of the tool 
class "kitchen knife."   
 
It is now common for archaeologists to explicitly consider 
the use-life history of tools as an important influence on their 
shape, and thus inevitably upon their classification.  In the 
case of the kitchen knife, the behavioural environment that 
shapes the tool and conditions its use is well enough known.  
Clearly, however, classification without such prior 
knowledge of a group of these knives could be problematic.  
Would one categorize them by shape?  The "toothpicks" 
could be put into one group and the newer ones into another, 
even though they had all served the same function.  Or, those 
which had been used as screwdrivers might have 
characteristic use-wear, and be kept apart.  These divisions 
would perhaps be fair enough, depending on the purpose of 
the classification exercise.  But, the functional division 
"screwdrivers," for example, would fail to acknowledge that 
the tool in question had spent the vast majority of its active 
use-life in the kitchen, perhaps even being actively kept 
away from the workshop.  It seems important to distinguish 
final use from habitual use, although both are of interest. 
 
Classifying knives seems like a trivial problem.  Indeed, 
classification in archaeology, while the subject of 
occasionally intense debate, is widely perceived as an 
important but dull activity routinely carried out in the course 
of investigating more profound research questions.  While 
not exactly seen as unproblematic, it is rarely discussed in 
the course of more general research.  Most literature on 
archaeological systematics has thus tended to be 
programmatic.  When not integrated into a practical problem, 
the arguments can seem to be of little importance.  The 
tendency is to throw up the hands and say, "well, Dunnell 
(Spaulding, Ford, Read, the Adams brothers) may have a 
point, but as there is no alternative to using the regional 
typology, there is neither purpose nor possibility in applying 
the dictates of their programmes."  As Adams and Adams 
(1991) note, in no field of archaeological activity are method 
and theory farther apart.  When I started this research, I was 
largely ignorant of this fact, and vainly searched the 
literature for good examples of applied classification.  
Finding none, I foolishly resolved to set one.   

Archaeological approaches to the past will be hampered 
anywhere by imprecise or inappropriate definition and 
interpretation of artifact classes and types.  In coastal British 
Columbia, type definitions have become generally agreed 
upon in an informal way, based on a mixture of key stylistic 
and functional attributes.  These definitions are more or less 
precise according to the inherent standardization of form of 
artifacts within a type, and may rely on the presence of key 
diagnostic attributes.  For example, flat-top hand mauls are 
distinguished from specimens topped with a nipple or a 
zoomorphic carving on the basis of a single attribute.  Bone 
gorges are separated from the other kinds of bone bipoints by 
the presence of a girdling groove.  Since primary divisions in 
this hierarchical classification are based on raw material, 
bone gorges are separated from any functional cognates they 
might have which are made of antler, stone or wood.  Hand 
mauls, on the other hand, are divided by the attribute "shape 
of top" which happens to have stylistic, functional and 
temporal meaning.  Such problems of functionally 
overlapping types and inconsistent or imprecise criteria for 
type membership are bound to occur in any general typology 
which has developed informally and incrementally.   
 
With very few exceptions, no types of ground stone celts 
from the study area (Coast Salishan British Columbia, 
excluding Nuxalk territory) have been defined, despite the 
diversity of inferred functions and recognized morphological 
change over time.  This is probably due to a lack of 
conspicuous diagnostic attributes on Coast Salishan celts.  
On other parts of the B.C. coast, and elsewhere in the world, 
obvious features such as hafting grooves are used to 
categorize similar artifacts.  The few typologies of Coast 
Salishan celts are, without exception, poorly defined ad hoc 
constructions, useful only for narrow categorization within 
small study collections.  The generally unsystematic regional 
typology was considered an impediment to the regional 
archaeology, and ground stone celts were chosen as a good 
place to start putting things right.  The work was often 
tedious, and to the extent that the programmatic literature 
was difficult both to understand and apply, the work was also 
frustrating.  Nevertheless, some general principles of 
classification slowly became clearer.  The simple guiding 
principle followed in this research is that typologies must be 
purposefully directed.  The most obvious purposes are 
classification of functional or stylistic diversity.  Less 
obvious is the aim of creating a typology which is "general 
purpose," capable of a being applied to many, but not all, 
research questions.  This should not be confused with the 
goal of an "all-purpose" typology, applicable to any and all 
research questions, the creation of which is not logically 
possible.   Further, the method of creation and subsequent 
interpretation must be in accord with the typological purpose. 
 
The following two chapters comprise an introduction to the 
study area, and a review of archaeological systematics, 
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respectively.  Subsequently, this book falls into two main 
sections.  Chapters 4, 5, and 6 attempt to apply three 
principles of archaeological systematics: the selection of 
attributes used to define types is critical; for this selection to 
be logical it must relate to the stated typological purpose; the 
purpose and  means of construction of a typology constrain 
the possible meaning(s) of its constituent types.  Chapter 4 
creates a strictly defined monothetic, hierarchical typology, 
following these principles.  The next two chapters attempt 
the same program for a polythetic typology aimed at 
discovering types which might have some "emic" meaning.  
Because polythetic typologies are inherently more complex 
in construction and meaning than monothetic ones, Chapter 5 
is devoted to discussion of the method and theory of 
numerical taxonomy as used in this application.  Chapter 6 
provides details of the procedures actually followed, and 
discusses the results of the cluster analysis.  These are 
negative: no inclusive, well defined clusters were isolated by 
the procedures applied.  It was around this time that I 
realized I was in a position similar to someone classifying 
knives without understanding at all what a knife really was.   
 

An explanation for the absence of discrete clusters is offered 
in Chapters 7 through 9.  Celts are suggested to be valuable 
tools, characterized by durable material, long-use lives, and 
low rates of loss.  These two factors combine to reduce the 
typological discreteness of the artifact class.  Low 
standardization of preform and frequent rehabilitation of 
broken specimens also blur distinct typological boundaries.  
A use-life cycle is proposed, and in Chapter 9 it is found to 
be consistent with relevant aspects of the study collection 
data.   
 
Finally, Chapter 10 provides a discussion and conclusions of 
the results, and of the methods used to obtain them.  Ground 
stone technology is deceptively simple and has not been 
adequately addressed in the archaeological literature.  I 
believe the methods, pitfalls, wrong turns, and ultimately the 
results, detailed in this study are of obvious interest wherever 
ground stone is found.  Indeed, I hope this work may be of 
relevance wherever archaeologists wish to go beyond style 
and function in order to understand the diverse sources of 
variability between artifacts.  
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Chapter 2 
 

ARCHAEOLOGICAL AND ETHNOGRAPHIC BACKGROUND TO 
THE STUDY AREA 

 
This chapter defines the study area and the material to be 
studied, and contains a brief review of the relevant 
ethnography and prehistory. 
 
DEFINITION OF THE STUDY AREA 

 
The study area is all the Canadian territory ethnographically 
or historically reported to have been dominantly and 
significantly exploited by the Northern and Central Coast 
Salish, as defined in Suttles (1990).  In broad geographical 
terms this includes the Fraser River tributaries west from 
about Yale to confluence with salt water; Vancouver Island 
from Sooke southeast through Victoria and northwest to 
Comox; the Gulf Islands from the international border 
through the northern Strait of Georgia and hence along the 

mainland coast to include both Toba and Bute Inlets (Figure 
2.1).  The area so defined includes traditional territories of 
the Homalco, Comox, Klahoose, Sliammon, Pentlatch, 
Sechelt, Squamish, and Straits speakers, and the diverse, 
widespread speakers of Halkomelem.  The geographically 
isolated territory of the Coast Salish speaking Nuxalk (Bella 
Coola), centered on Dean and Burke Channels and the 
Bentinck Arms, is not included.  
 
All ground stone celts from this area are included, regardless 
of age and whether known from excavation or surface 
collection.  These were borrowed from or examined at a 
variety of institutions (see Appendix 3).  Coast Salish 
 

 
Figure 2.1.  Study area. 
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territory now in the United States is excluded for logistical 
reasons related to artifact loan procedures.  Celts from 
former Salishan territories lost through recent expansion by 
neighboring groups, such as Vancouver Island from 
Campbell River northwards to Kelsey Bay, and the Alberni 
canal are included only if from documented archaeological 
sites with representation of the Gulf of Georgia-Lower Fraser 
prehistoric cultural sequence.  Practically, this only includes 
the Shoemaker Bay site, DhSe 2, at Port Alberni.  Surface 
collections from these former Salish areas are not included.  
It is felt that ethnographic information combined with the 
generally accepted prehistoric sequence is the best means for 
delimiting a logical, internally cohesive study area.  
Nevertheless, this is not intended to assert that the 
ethnographically observed boundaries can be projected into 
the deep past, nor is it meant as a comment on the relative 
boundedness of these social groups. 
 

ETHNOGRAPHIC BACKGROUND 
 
A comprehensive knowledge of relevant ethnography is a 
prerequisite for almost any archaeological study.  This is 
particularly true if one plans on drawing conclusions about 
subsistence, social organization, or ideology.  Even when the 
goal is to describe or analyze a single artifact class, an 
appreciation of the social activities which produced the 
artifacts is imperative, as ethnographic cautionary tales attest.   
There is very little specific information from the study area 
on the use of ground stone celts, and what there is may not 
be accurate.  Suttles (1974:279) suggests early diffusion and 
trade of metal, and a relatively late "ethnographic present" as 
the reasons for this lack of information.  In passing, he makes 
an interesting comment on the value of some informant 
testimony: 

Probably stone tools have not been made 
for a century.  Consequently informants 
today can give little about stone work.  
Moreover, like anthropologists, they are 
apt to make inferences from archaeological 
data.  But they are more limited than 
archaeologists; there is no room in their 
cosmogony for "an earlier race". . . . they 
regard themselves as having been created 
on the soil on which they now find 
themselves; therefore anything which turns 
up must, to their way of thinking, have 
been made either by the transformer or by 
their own ancestors (Suttles 1974:279). 

This is a powerful statement of continuity of occupation and 
connection to the territory.  Suttles, however, appears to be 
suggesting that there are some spheres of traditional culture 
for which the archaeologist or ethnographer is as well, or 
better, equipped to interpret.  With this in mind, the few 
specific pieces of information about ground stone celts or 
traditional woodwork will be cited in the relevant part of the 
text. 
 
The principle ethnographic source for the central Coast 

Salish as a whole is Homer Barnett's The Coast Salish of 
British Columbia (1955).  This gives a general account of all 
aspects of Coast Salish life, with regional variations 
specified.  Other general sources include Barnett (1938, 
1939) and Curtis (1913).  Information that bears on one or a 
few of the Salish ethno-linguistic divisions includes Suttles 
(1974) on Straits Salish, Boas (1891) on the Songhees and 
other groups, Duff (1952) on the Sto:lo of the upper Fraser 
valley, Jenness (n.d., 1955) on the Saanich and Katzie, and 
Hill-Tout (e.g., 1907) for various southern coastal areas.  
Ethnographic description of various American Coast Salish 
groups includes Gunther (1927), Stern (1934), Haeberlin and 
Gunther (1930), Elmendorf (1960) and Smith (1930).  More 
specific monographs and articles concerning select aspects of 
Coast Salish life include Jenness (1955) on religion and 
Olson (1927) on technology.  Historic documents can be of 
considerable use in reconstructing certain aspects of early 
post-contact Native culture. 
 
Most of these sources contain little or no specific information 
about the use of stone woodworking tools, presumably 
reflecting early abandonment of this traditional technology in 
favour of traded iron tools or ferrous raw material.  Iron or 
steel tools have been experimentally determined to be three 
to eight times as efficient as their stone tool equivalents 
(Sillitoe 1979; Sarayda and Shimada 1971; Phillips 1979; 
Arcas Associates 1986b), and their rapid penetration of the 
coastal woodworking technology is understandable in 
economic terms alone (see Rickard 1939; Fisher 1977).  One 
example of their worth is recorded in the Fort Langley 
Journal of 1829, which records that some "Nanimoos" traded 
several thousand salmon for 640 "small chisels" of low 
quality (Fort Langley Journal 20/8/1829). 
 
Ethnographic background defines a range of possible 
behaviors and beliefs that may leave physical remains.  In 
some cases of closely parallel technologies and 
environments, information from outside the study area may 
be used if suitably generic in detail.  This includes the 
voluminous material gathered by Boas about Kwakiutl 
woodworking (e.g., Boas 1909, 1921), material on stone celt 
manufacture from the interior of British Columbia (Hill-Tout 
1899, Dawson 1887) and from New Zealand (Chapman 
1891, Best 1912). 
 
For orienting purposes the following brief ethnographic 
description is given, condensed from the Handbook of North 
American Indians entries by Wayne Suttles (1990) and 
Dorothy Kennedy and Randall Bouchard (1990) except as 
noted otherwise. 
 

Subsistence 
The most important foods were fish and shellfish.  Salmon 
could be mass harvested at river mouths in fishtraps and 
weirs, and along the lower Fraser and Fraser canyon, with 
dip-nets, harpoons or spears or traps.  Among the Straits 
speakers, the complex reef-netting technology efficiently 
trapped migrating sockeye even before they reached the river 
mouths.  Salmon could be mass harvested when abundant 
and stored for winter food, trade or feasting.  Other important 
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fish included rockfish, flatfish, herring, dogfish, eulachon 
and sturgeon.  Shellfish of all descriptions were gathered, 
and could be dried or smoked, and stored.  Year round 
availability, and their proximity to settlements made shellfish 
an important food, as is graphically evidenced in the 
enormous piles of discard shell which form the matrix of the 
most characteristic coastal archaeological site: the shell 
midden. 
 
Hunting for sea mammals was also important, concentrating 
on seal, sea lion and porpoise.  Only southwestern groups 
such as the Clallam hunted whales.  Important land mammal 
prey included deer and elk.  A wide variety of birds were 
hunted or trapped in nets. 
 
Plant foods gathered included various berries and fruits, 
bulbs and roots.  Of regional importance were camas among 
the Straits speakers, wapato among the Katzie, and brake-
fern among the Musqueam. 
 

Technology 
Wood working was perhaps the single most important 
technology on the prehistoric coast.  Classes of products 
manufactured wholly or partially out of wood, bark or root 
include: 
 
A. Shelter.  Both the traditional post, beam and plank 
longhouse of the coastal and Fraser River areas, and the 
wood-framed, semi-subterranean pithouse of the valley and 
canyon areas were largely made of wood, as were temporary 
shelters, grave houses, floor mats, and cradles. 
 
B. Transportation.  The ethnographic Coast Salish economy 
was wholly dependent on watercraft to exploit the various 
shoreline, island, reef and river resources; to hunt marine 
mammals; to fish species such as rock cod, halibut and 
dogfish in open water; to gain access to salmon streams and 
transport the catch home to the winter village; to apply 
specialized fishing methods such as reef-netting or trolling; 
and to gain access to hunting, gathering, and other resource 
areas.  In general, watercraft were absolutely necessary to 
make a living on a coastline that is often rough, steep, 
indented, and backed by dense forest.  These watercraft, and 
the accompanying paraphernalia (paddles, bailers, etc.) were 
almost entirely made of wood. 
 
C. Subsistence.  A significant portion of the resource 
extraction, processing and storage technology was wholly or 
partially made of wood products: fishing gear, nets, fish 
weirs, drying racks, hunting gear, digging sticks, baskets, 
cooking vessels and eating utensils.  Some clothing, such as 
capes and hats, was made of bark. 
 
D. Ceremonial and art objects.  Ceremonial items such as 
masks and rattles were usually made of wood, and cedar 
house posts were sometimes ornately carved.  Willow and 
cascara barks, and dozens of other plant species, were used 
for medicinal purposes. 
 

The most vital tree species for subsistence and shelter was 
undoubtedly western red cedar, from which houses, canoes, 
bark products (cordage, clothing, mats) and root products 
(baskets) were made.  Virtually all other native woods are 
utilized for some purpose according to the ethnographies, 
including yew, Douglas fir, true fir, hemlock, spruce, and 
yellow cedar among the softwoods, and alder, maple, vine 
maple, arbutus, crab-apple, cottonwood, dogwood, 
oceanspray, wild cherry, and willow among the hardwoods 
(Suttles 1974, Boas 1890, Gunther 1930, Barnett 1939).  
Wood artifacts seldom preserve in archaeological deposition, 
but Archer and Bernick (1990:21) report eight different tree 
species were used in the manufacture of 474 wood or bark 
artifacts from the 2,500 year old Musqueam Northeast site 
(DhRt 4), where organic materials were preserved in 
waterlogged deposits. 
 
Other than wood, bark and root, significant raw materials 
exploited included bone (land mammal, sea mammal, bird), 
antler, horn, and hides; shell; flaked, pecked and ground 
stone; dog and goat wool; and a variety of other minor 
materials. 
 

Social organization 
Coast Salish society is often referred to as being relatively 
egalitarian compared to the markedly ranked, stratified 
cultures to the north and west.  There was, however, a class 
system encompassing "worthy people," "worthless people" 
and slaves.  Residential groups consisted of "families" 
encompassing a nuclear family plus co-wives, dependants 
and slaves (if any).  Families belonged to "houses": cognatic 
bilateral descent groups which might control inherited rights 
to resources (especially fishing areas and shellfish beds), 
titular names, and ceremonial paraphernalia.  Winter villages 
could contain one or several related households.  Households 
within villages might cooperate on major projects such as 
communal fishing or defense, but there were no formal 
village-level political structures or offices.   
 

Ideology 
Human history started when Xals ended the mythical age by 
transforming a suite of mythical beings into inanimate 
objects.  Local groups were connected through Xals to their 
traditional territory, and had reciprocal relationships with the 
local resources.  These were most clearly manifested in First 
Salmon ceremonies, in which some bones of salmon were 
ritually returned to the water, in order that the fish would 
continue to offer their flesh.  Also important was the power 
gained through a vision quest: through fasting and isolation a 
vision would be precipitated, usually resulting in a spirit 
allying itself with an individual and providing a gift in the 
form of a special power or talent.  For example, Suttles 
(1974:228) records the case of a master woodworker who 
received help from his helper spirit, the pileated woodpecker. 
 
ARCHAEOLOGICAL BACKGROUND 
 
The prehistory of the study area includes two fairly well 
documented, related culture histories: the Gulf of Georgia 
sequence and the Fraser Canyon sequence.  
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Early Periods 
Deglaciation of much of the southern area occurred by about 
12,000 years before present.  A viable environment for post-
glacial megafauna quickly established itself, as the 11,750 
year old bison remains from North Saanich demonstrate 
(Hebda 1988:2).  Of particular interest in the palaeo-
environmental record is that western red cedar (Thuja 
plicata) was not widespread until 5-6,000 years B.P. (Hebda 
and Mathewes 1984).  This tree is closely associated with the 
development of Northwest coast cultures, and the 
woodworking technology so characteristic of this area.  Both 
sequences are underlain by the poorly known Old 
Cordilleran period, from about 9,000 years before present 
(years B.P.) to about 6,500 years B.P.  Subsistence during 
this period is based on a mixed land-marine economy, and is 
represented by a primarily lithic technology, which may be a 
result of preservation factors.  No ground stone is present in 
deposits of this age, but bone and antler artifacts are known 
from the Glenrose Cannery site.  Within the study area it is 
best represented at the Glenrose (DgRr 6) and Milliken (DjRi 
3) sites, and also at the Tsable River (DjSf 13) and Dionisio 
Point (DgRv 3) sites.  It is also known from surface finds of 
probable Old Cordilleran artifacts.  References to this period 
include Borden (1975), Carlson (1990b), and Matson (1976); 
a good general introduction to early coastal prehistory is 
given by Fladmark (1986).   
 

The Gulf of Georgia Sequence 
Mitchell (1971) amalgamated a number of regional phases, 
some of which were identified from only one or a few sites, 
into a sequence for the entire Gulf of Georgia region.  His 
unifying concept was the culture type: "a group of 
components distinguishable by the possession of a group of 
traits" (Spaulding in Mitchell 1990:340).  Continued use of 
this term is not meant to imply the assemblages necessarily 
correlate exactly with cultures in the anthropological sense. 
 
The Charles culture type, lasting from about 6,500 years B.P. 
to about 3,200 years B.P. is less well known than subsequent 
periods.  It was defined by Borden in 1975.  It encompasses 
two sub-regional phases: the Fraser Delta "St. Mungo" 
phase, and the Gulf Islands "Mayne" phase.  The beginnings 
of the ethnographic Coast Salish cultural pattern seem to be 
present as, for example, ground slate knives, barbed 
harpoons and labrets appear (Borden 1975:95)  Recent 
excavations at DgRs 2 (Tsawassen) uncovered several 
Charles phase burials, two of which contained inclusions 
amounting to about 55,000 beads, although no burials had 
cranial deformation (Arcas 1991:53).  This suggests that 
some status differences were already present in Charles 
culture. 
 
Only three ground stone celts have been found in known 
Charles phase deposits (Patenaude 1985): two from the Pitt 
River site (DhRq 21) and one from the St. Mungo site (DgRr 
2).  One of the former is a modified pebble, the other two are 
small, well made, tabular specimens difficult to distinguish 
from typical Locarno Beach specimens.  The DhRq 21 
specimens were immediately below two carbon samples 
radiometrically assayed at 3,750±100 and 4,100±100 years 

B.P. (Patenaude 1985:124).  While ground stone celts are 
very infrequently found, other features of a relatively 
advanced woodworking technology are present.  Matson 
(1976:290-292, 301), for example, reports bone and antler 
wedges, rodent incisor chisels and a sea-mussel celt from the 
Glenrose site, and concludes that there was considerable 
woodworking technology, including the manufacture of 
possibly "advanced" watercraft. 
 
The Locarno Beach culture type dates from approximately 
3,200 years B.P. to 2,400 years B.P.  A list of characteristic 
artifacts and subsistence items is given by Mitchell 
(1990:341,344).  A tendency to more exploitation of bay 
mussel than in later periods is noted by Mitchell, while 
Matson et al (1991:116) suggest that the Charles-Locarno 
Beach transition is accompanied by the development of more 
sophisticated salmon processing.  Social organization, 
probably more egalitarian than subsequent culture types 
(Mitchell 1990:344), does include some apparently 
significant status differentiation.   
 
The Locarno Beach woodworking industry is inferred to be 
sophisticated, but modest.  Large bone wedges, antler 
wedges, sea-mussel celts, and small ground stone celts are 
present, but hand mauls and large antler wedges are absent.  
The ability to construct two characteristic features of the 
developed coastal maritime adaptation--the plank house and 
the dugout canoe--is inferred (Mitchell 1990:344; 1971:58 
59; Archer and Bernick 1990:187-189), although Matson et 
al (1991:151) dispute that plank houses were actually made 
until subsequent periods.  Locarno Beach age ground stone 
celts are usually described as small and well made, with 
rectangular cross sections and plans (Mitchell 1971:57).  
Mitchell (1971:58) suggests that this form is suited to a D-
handle, rather than the generally larger elbow handle.  Antler 
sleeve hafts are not known from deposits of Locarno Beach 
age (Mitchell 1971:58).   
 
The Marpole culture type dates from approximately 2,400 
years B.P. to about 1600 years B.P.  A list of characteristic 
artifacts and subsistence items is given by Mitchell 
(1990:344-346), while Burley (1980) describes the period in 
some detail.   
 
The woodworking industry is sophisticated and heavy-duty.  
Hand mauls and large antler wedges appear.  Ground stone 
celts become larger and more diverse in shape, but less finely 
made.  The Marpole technology is equivalent in all ways to 
the late prehistoric woodworking tool kit, and must have 
been adequate to complete the full range of likely 
woodworking projects.  Large post moulds are present at 
some sites (Burley 1980:29) indicating that large post and 
beam plank houses were built.   
 
The Gulf of Georgia culture type dates from about 1600 
years B.P. to the time of contact with Europeans.  A list of 
the characteristic artifacts and subsistence activities is given 
by Mitchell (1990:346-348;1971:48-51).  This culture type 
represents the immediate cultural antecedent of the 
ethnographically described Coast Salish peoples, many of 
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whose social and ideological characteristics presumably are 
present or develop throughout this period, if not before.  
Villages consisting of rows of heavy timbered houses clad in 
planks were common; frequently a stockaded or embanked 
refuge site was on a nearby height of land, indicating some 
threat from warfare or raiding. 
 
The woodworking industry is comparable to that of the 
Marpole period.  The hand mauls are stylistically different, 
but the ground stone celts are difficult to distinguish from the 
earlier forms (Burley 1980:22-23).  Mitchell (1971:48) notes 
that some may be thinner, or of a higher quality of 
manufacture than their Marpole counterparts. 
 

The Fraser Canyon Sequence 
The Fraser Canyon sequence is known from a series of sites 
in and around the lower Fraser canyon and the upper Fraser 
valley.  It is best represented at the remarkable sites near 
Yale (DjRi 3 and DjRi 5), but is also known from excavated 
sites around Hope (DiRj 1, DiRi 14, DiRi 38, DiRi 39, DhRj 
14).  A good summary of the cultural and environmental 
history of the Fraser Canyon is given by Archer (1980).  The 
numerous phases initially proposed for this sequence 
(Borden 1975) have been simplified by Mitchell (1990), who 
proposes three culture types - Baldwin, Skamel, and Canyon 
- which are roughly analogous to the Locarno Beach, 
Marpole and Gulf of Georgia culture types.  Some 
differences between these and their coastal analogues may be 
mainly due to differential preservation in an acidic canyon 
soil, such acidity normally being counteracted by the 
presence of shell in coastal sites (Mitchell 1990:353).  
However, the lack of shellfish exploitation also reflects a 
substantial difference in subsistence, which may be 
influential. 
 

Summary 
In both regional sequences, Mitchell (1990:352-353) 
suggests that the evidence best suits a model of in situ 
development and evolution towards the ethnographically 
described Coast Salish culture.  Thus, there is no reason to 
believe there has been significant population influx or 
displacement in the study area since at least the beginning of 
the Charles culture type, except for the historically 
documented expansion by Wakashan speakers into northern 
and western areas.   
 
Woodworking technology gradually becomes able to tackle 
heavy tasks, such as plank house construction and dugout 
canoe manufacture.  The triad of basic tools (large splitting 
wedges, hand mauls and nephrite celts) which define the full-
scale woodworking industry of the late prehistoric period is 
present at the beginning of the Marpole culture type (Borden 
1970:104).  However, wedges and celts are present as early 
as the late Charles culture type, and the absence of hand 
mauls could be compensated by using unmodified 
hammerstones, which are common in many sites.  The 
absence of large celts in Locarno Beach deposits could mean 
other functionally equivalent tools, such as sea mussel celts, 
were being used.  While the Marpole tool kit is undoubtedly 
more efficient, it is not necessarily indispensable for heavy 

woodworking.  One can suggest that this triad of 
woodworking tools was a response to a desire to complete 
heavy tasks more efficiently, but does not necessarily signal 
their commencement. 
 

INTRODUCTION TO GROUND 
STONE CELTS 

 
Definition 

According to the Oxford English Dictionary "celt" reputedly 
stems from the Vulgate Latin celtes, "a sculptors chisel".  
Pronounced "selt", it bears no etymological relationship to 
"Celtic".  The word was admitted into technical 
archaeological use about 1700, meaning an implement with a 
chisel-shaped edge, of stone, bronze or iron, and of variable 
hafting (socketed, grooved, plain) and purpose (weapon, 
adze, hoe). It therefore has a long tradition of archaeological 
usage as a generic, non-functional term.  However, the term 
is usually used undefined, presumably as most archaeologists 
are familiar with its meaning.  If qualified, it is usually by 
raw material, technique of manufacture, or both. 
 
Despite this tradition of generic usage, it is difficult to 
formulate a definition for "celt" that does not contain some 
reference to inferred function.  Kapches, for example, defines 
a celt as 

a class of ground stone implements that 
includes the functional and morphological 
types of artifacts known variously as adzes, 
axes, gouges, chisels, etc.; these 
implements can be partially or totally 
ground; hafted or unhafted; can have 
modifications for hafting, or no 
modifications for hafting; the suggested 
function of celts involves the use of a 
cutting edge or bit for the processing of 
organic raw materials; the celt may be 
polished, either intentionally or through 
use.  By this definition I exclude ground 
stone implements such as food processing 
tools (e.g., mortars, querns, pestles, manos, 
and metates), specifically ritual objects 
(e.g., charmstones, amulets and smoking 
pipes), and various other artifact types 
(e.g., mauls, bannerstones, ground 
projectile points, knives, etc.)(Kapches 
1979:65). 

The crucial attribute of a ground stone celt is the ground 
cutting edge.  But, it is difficult to define the difference 
between woodworking celts and ground slate fish knives, for 
example, without recourse to functional inference, or without 
an explicit exemption such as the one for manos in Kapches' 
definition.  These exemptions are very helpful, but logically 
they do not clarify what a celt is, only what it is not.  In spite 
of its logical flaws, Kapches' definition provides a good basis 
for recognizing a ground stone celt. 
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The term "ground stone celt" has unavoidable functional 
connotations: some sort of cutting or chopping function is 
implied.  But, within the class of artifacts, no further 
functional differentiations (e.g., chisel, adze) are implied.  
Unless one of these more specialized functions can be 
inferred with confidence, it is desirable to use the blanket 
non-functional term.  This is frequently misapplied in the 
literature.  Burley (1989) and Hayden (1989), for example, 
repeatedly refer to celts as "celts/adzes", wrongly implying 
the two terms are comparable. 
 

Function 
The assumption that woodworking was a primary function of 
celts is overwhelmingly supported by ethnographic 
testimony (e.g., Boas 1909); by the post-contact hafting of 
metal blades into traditional woodworking hafts; by 
experimental research which shows that they are functional 
and can create the kinds of tool marks observed on 
prehistoric stumps (e.g., Arcas Associates 1986b); and by 
analysis of use-wear consistent with woodworking (e.g., 
Semenov 1964; Roodenberg 1983).  
 
A woodworking function is also supported by residue 
analysis.  Residue studies on stone celts from a site at Pitt 
River (DhRq 21) revealed that all specimens examined had 
pitch or resin adherent.  In one case, it was possible to 
identify the species as Lodgepole Pine (Pinus contorta).  
Another had two separate kinds of adhering resin, one at the 
poll and one at the bit, suggesting that a specific type of pitch 
was used for hafting purposes (Broderick 1985:349).  No 
celts had fat or blood residues, although such residues were 
common on a variety of specimens from other artifact 
classes.  Use-wear analysis of the cutting edge of celts 
reported in Patenaude (1985:116-125) was ambiguous, 
largely because of patination present on many specimens, 
and no conclusions about specific function were drawn. 
 
Other tasks than woodworking are rarely suggested for 
ground stone celts from British Columbia.  Borden 
(1970:104-105) suggests that some "very small nephrite 
chisels" were used for carving soft stone.  Emmons 
(1923:44,47) pictures sleeve-hafted and elbow-handled 
nephrite celts he says were used for skin scraping: these are 
from Alaska but resemble study area hafted celts.  Duff 
(1952:59) reports that nephrite "pencils" were used as 
indirect percussors (punches) in a flaked stone industry.  A 
few celts in the study collection have enigmatic features such 
as double or blunt bits, which suggest other tasks than simple 
wood working.  Alternative suggested functions for ground 
stone celts, while often plausible, are unlikely to account for 
more than a very small percentage of the use of any one celt, 
or of many celts within the study collection.   
 

Previous classifications of celts 
One often cited classification of Northwest coast celts was 
devised by Ronald Olson (1927).  However, the 
distinguishing attribute he uses is hafting technique: straight, 
elbow, or D-handle.  Little discussion of the stone bits is 
attempted, and little is said to be possible: 

In the north a stone blade weighing several 
pounds, and grooved for lashing, was a 
common form, though small blades set 
against a shoulder of the handle were also 
used.  Aside from this heavy, grooved 
blade there seems to be no material or form 
sufficiently distinctive or localized to serve 
as a classification of blades (Olson 
1927:13). 

This basic classification of haft form is commonly used 
today (e.g., Suttles 1990:2).  No firm associations between 
hafting method and celt style have been made.  Of course, 
very few hafts of wood or antler survive in archaeological 
deposits. 
 
One of the earliest, and most precise, classifications of celts 
from the Northwest coast is given by Philip Drucker 
(1943:43-49).  Drucker devised a well defined typology that 
included hand and hafted mauls, harpoons, slate points, slate 
knives, bone points, wedges, and ground stone celts.  Celts 
were placed into two separate classes: "heavy splitting 
adzes", restricted to northern coastal areas, and "celts".  The 
latter were divided into three types and three subtypes, 
largely on the basis of a qualitative assessment of body plan, 
bit plan, and cross section.  Drucker's overall typology was 
informally adopted and forms the basis for most Northwest 
coast archaeological typology.  Nevertheless, celts from the 
study area have not usually been described in these terms for, 
I believe, several reasons. 
 
1.  It is usual to find only a few celts in a moderately sized 
archaeological excavation.  This tends to inhibit or simplify 
typological interest. 
 
2.  Drucker's types were designed for the central and 
northern coast, and do not specifically describe some of the 
obvious, coarse morphological distinctions among coast 
Salish celts, such as sawmarks and angled bits.   
 
3.  The types, while commendably explicit for their time, 
were not defined precisely enough to be exclusive and 
unambiguous. 
 
Regional analyses of the archaeological record have 
occasionally prompted celt classifications, although ground 
stone celts are often treated as a single type (e.g., Monks 
1973).  Matson (1974:110) imposes a simple typology to aid 
entry of celts into a cluster analysis.  His two types are 
"small celts", with a bit of less than 2.5 cm or having a light 
construction, and "large celts"  having a bit width of greater 
than 2.5 cm.  While limited in finesse, Matson's system has 
some advantages: it is relatively unambiguous and replicable, 
it is explicit, and it is directed towards a specific research 
question.   
 
The most widely used descriptive system categorizes celts 
from different prehistoric culture types.  Celts from the 
Locarno Beach culture type are usually described in similar 
terms to Mitchell's (1971:57) characterization: "small, well 
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made, rectangular in plan and cross section".  Celts from the 
Marpole culture type are likewise said to be: 

. . . of various sizes, generally large, made 
with little care, of flattened oval cross 
section and with a rough rounded poll; the 
sides often taper towards the poll (Mitchell 
1971:52). 

The Marpole celts with tapering sides and rough polls may 
reflect the introduction of antler sleeve hafts. Celts from the 
Gulf of Georgia culture type are said to include fairly large 
specimens, "generally well made and often very thin 
(Mitchell 1971:48)".  There is no evidence that celts 
characteristic of earlier periods do not persist into later times, 
and Burley (1980) suggests that Marpole and Gulf of 
Georgia celts are not distinguishable. Thus, the presence of 
large, poorly made celts at a site probably means it is of at 
least Marpole age, but the presence of small well made celts 
does not necessarily indicate Locarno beach affiliation.   
 
Other classifications are devised in reference to a single site 
or sub-area.  They are usually poorly defined and based on a 
very small number of specimens.  Von Krogh (1980: 182-
187), for example, groups 20 celts and six fragments from 
two Hope-area sites into three types  His criteria are size 
(based on length and width), and bevel configuration; 
individual specimens in the types are described, but the types 
themselves are not defined.  It is an opportunistic typology, 
based on small sample-size and subjective assessment of a 
bivariate scatterplot.  (A similar scatterplot for the study 

collection of 1,500 celts did not show the same structure as 
that of von Krogh).  While it usefully describes an aspect of 
variability within von Krogh's sample, the tripartite division 
is neither reproducible at these sites by other researchers, nor 
expandable to other sites.  Likewise, Patenaude (1985:116-
125) identifies five types of ground stone celt on an ad hoc 
basis: modified pebble celts, large shaped celts, small shaped 
celts, flake celts and bar shaped celts.  She also identifies a 
separate artifact class "ground stone wedges", which 
ordinarily might be classed together with celts.  None of 
these wedges was made of nephrite, which may have 
influenced her classification.  Other site-specific typologies 
include Crowe-Swords (1974), Hanson (1970) and Burley 
(1989).  The latter gives a simple, four type monothetic 
typology: single bevel, double bevel, double taper and 
miscellaneous/fragmentary "celts/adzes".  Most site reports 
do not attempt to subdivide this artifact class. 
 
Outside the study area, typological studies abound, 
particularly in Oceania.  Notable among these are Best 
(1912), Skinner (1941), Tugby (1958), R. Duff (1970), 
Green (1971) and Simmons (1973), all reviewed by 
Cleghorn (1984).  Ground stone celts have been the subject 
of much greater attention in Oceania than in British 
Columbia because they are more common, show distinct 
change over time, and are one of only a few durable artifact 
classes. 
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Chapter 3 
 

INTRODUCTION TO ARCHAEOLOGICAL SYSTEMATICS 
 

In this chapter a brief review of archaeological systematics is 
presented.  Following that, three related aspects of 
classification which are considered important to the study 
topic are discussed:  
 
1. All archaeological typologies must be directed to a stated 
purpose. 
 
2. The methodology to create and define a typology must be 
consistent with its purpose.   
 
3. Meaning assigned to any types so defined must be 
consistent with both the purpose and the method used in their 
derivation. 
 

REVIEW OF ARCHAEOLOGICAL 
SYSTEMATICS 

 
An excellent review of archaeological systematics, including 
a summary of pre-1950 efforts, is given by Dunnell (1986).  
During this period there was little difference internationally 
in the practical application of typologies.  Most were based 
on a normative view of culture, and were created and 
validated through the experience of the investigator.  Implicit 
was the idea that the "types" were assigned and constructed, 
and had no necessary relevance to prehistoric cultural 
categories, although some sort of relevance to archaeological 
problems was assumed, of course. 
 
There were some notable attempts to impose a greater degree 
of rigor on the typological process, such as Kroeber's attempt 
at statistical definition of artifact types (1940).  The 
fundamental assumptions and characteristics of 
archaeological classification, and the role these played in 
interpretation did not come to the forefront of theoretical 
debate until the exchange of views between Albert Spaulding 
and James Ford in the 1950s.   
 
Albert Spaulding's 1953 article "Statistical Techniques for 
the Discovery of Archaeological Types" galvanized a great 
deal of discussion in the literature on the derivation and 
meaning of archaeological typologies.  Spaulding's 
(1953:305) essential position was that the methodology of 
classification into types is a "process of discovery of 
combinations of attributes favored by the makers of the 
artifacts, not an arbitrary procedure of the classifier."  His 
preferred method was attribute association, but other 
methods such as cluster analysis are theoretically equivalent 
(Dunnell 1986). 
 
Ford's (1954) reaction to Spaulding's system constituted a 
defence of traditional methodology.  He felt that observed 
gradual changes over space and time in artifact morphology 
or context (and the inferred cultural correlates) negated the 
utility of the attribute clusters.  By dissecting a continuum of 

variation into what Ford saw as non-meaningful units, the 
historical reality would be misrepresented as a series of 
neatly defined changes, with the corresponding behavioral 
misinterpretations.  In other words, Spaulding's types are 
byproducts of sampling procedures:  

Types are easily separable and they look 
natural.  However, when the gaps are filled 
in so that the history may be viewed as a 
continuum through time and across space, 
the naive typologist is certain to run into 
serious difficulties (Ford 1954: 52). 

He thus argues strongly for a cultural-historical 
methodology.  Ford's types are the result of archaeological 
trial and error, manifested as broad empirical generalizations.   
 
Spaulding (1954a) replied that the kind of typology preferred 
by Ford did not represent culturally relevant types (what 
would later be termed "emic" types) either, and that they 
suffered from problems of replication and verification.  Emic 
types in archaeology can have two interpretations: (1) a 
cognitive interpretation implying recognition and use by 
members of the prehistoric population, and (2) a behavioral 
correlate without the implication of overt cognitive 
recognition, i.e. types as the byproduct of patterned behavior 
(Dunnell 1986:177).  Furthermore, he argued that "any 
reasonably consistent and well defined social behavior 
pattern is historically useful" (Spaulding 1954:392).   
 
Spaulding is therefore arguing for the discovery of types, 
Ford for their imposition.  A fundamental difference in their 
approaches is that Spaulding and his successors believed in 
the discovery of "natural" types in the empirical world, 
whereas Ford's types exist only as constructs in the 
archaeological world.  Ford's interest was the creation of 
inclusive types that would have diachronic utility in culture-
history reconstruction, and in this he succeeded.  Spaulding's 
approach prevailed at the time and formed an important link 
in the "new" archaeological methodology (e.g., Binford 
1965). 
 
The most instructive aspect of this "debate" is that it is 
essentially groundless: both kinds of classification are valid, 
as was noted at the time (Steward 1954) and subsequently 
(Sneath and Sokal 1973; Romesburg 1984),  Although 
Spaulding's method may produce types that are more "real" 
than Ford's, there is no way of testing their absolute reality.  
Application is therefore limited to carefully defined areas or 
times: as the types can only be presumed to be culturally real 
and meaningful they must be assumed to be culture-specific 
(Dunnell 1986).  This is a cautious viewpoint, but it does 
allow that they are of use in cultural reconstruction.  Ford's 
types, by contrast, are effective in examining the broader 
scope of time and place in prehistory, and, as explicitly 
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archaeological constructs, their usefulness within and 
between sites can be determined by archaeological means 
such as seriation and other relative or absolute dating 
methods.  Furthermore, the construction of Ford's types can 
be pragmatic, and hence arbitrary dissections which permit 
clear definitions may be supportable. 
 
The advantage of Spaulding's (1954) approach comes from 
the procedural rigor which should enable all researchers to 
see the archaeological record through the "same pair of 
glasses", i.e., it is not claimed to be an undistorted view of 
the past, but at least the distortion is expected and, hopefully, 
understood.  At that time, Ford's types were not so rigorously 
defined, but there is no intrinsic reason why they should not 
be.  And, with an understanding of the aims of the Ford 
method, extreme rigor is possible because communication of 
type definition to enable areal studies to be performed can be 
an end in itself. 
 
GENERAL AND SPECIAL PURPOSE 

TYPOLOGIES 
 
Special purpose typologies are specifically designed to 
describe variation as an aid in answering some broader 
research problem.  For example, if one were interested in 
prehistoric fishing technology, then all small bipoints might 
be lumped together into a single class, regardless of raw 
material, but could be separated into such functional types as 
herring rake points, shank arming points, and gorges.  The 
contentious aspect of such a scheme would, of course, be the 
criteria used for the functional assignment.  If however, one's 
aim was a better understanding of changing raw material use 
over time then bone and antler points, regardless of shape, 
would have to be kept separate in the classification.  In this 
case, one could not assign discrete functional meaning to any 
types created.  The two typologies differ only in purpose, and 
all that is required for their use is an appropriate 
methodology and a logical application. 
 
General purpose typologies, in contrast,  describe variation in 
such a way that the defined units may have some utility for 
many different research questions.  Naturally, the depth of 
their use may be limited, but in scope, they provide a 
common link between different research goals.   
 
The important difference is well illustrated by Romesburg 
(1984).  He distinguishes between general purpose 
classifications, useful for asking questions, and special 
purpose, useful for answering them.  Most important, there 
can be no typology that is "all-purpose".  As long as this 
elementary distinction is always kept in mind, and it has not 
always been (e.g., the Spaulding-Ford issue), then debate 
about any particular classification will be limited to issues of 
variable selection, methodology of type definition, and 
inference of meaning.  These three issues are discussed 
together in the following sections. 

SELECTION OF VARIABLES AND 
"TYPES OF TYPOLOGIES" 

 
It is not possible to include all the possible variables in all 
their possible states when constructing a typology.  Yet, it is 
desirable that any process of selection must be as defensible 
and replicable as possible, given that the selection will 
always introduce an element of subjectivity into the result.  
Selection of a sample of variables to measure from the total 
possible is most easily defended if there is an explicit 
purpose to the typology being constructed (Dunnell 1971; 
Vierra 1982).  Even so, the selection of variables is either 
intuitive, based on the investigator's experience, or derived 
from cross-checking with some outside "absolute," such as 
stratigraphic context, absolute date, known provenience, or 
some other benchmark.  In the first instance, there is no easy 
way to justify the selection unless it can be shown that it 
works, which appears to border on a circularity of argument.  
One justification, although by no means an easy one, would 
be demonstration that the selection works in situations not 
envisioned when the original problem was set up.  More 
important, as Whallon (1982:137) points out, there is no way 
to discount the possibility that some variables that "work" do 
so for other, unperceived reasons, including fortuitous 
association.  In the second instance, correlation with outside 
variables introduces all the other measurement uncertainties 
of archaeology, including dating error and component 
assignment.  It also risks putting the cart before the horse, as 
typological definition is a necessary precursor to much 
archaeological interpretation. 
 
Examples of typological purposes include the categorization 
of temporal or spatial variation; description or analysis of 
functional variation based on precisely selected attributes 
such as use-wear and ethnographic or experimental 
information; and general description of the similarity and 
differences amongst a group of objects, based on 
morphological attributes.  No typology can be defended, or 
even logically discussed, unless the selection criteria of its 
constituent attributes are known. 
 

Monothetic Versus Polythetic Typologies 
In a monothetic classification, it is necessary for an object to 
possess all the attributes used to define the type to which it 
belongs.  In a polythetic classification, it is only necessary 
for the object to possess a selection of the defining attributes, 
while maintaining some sort of internal cohesiveness with 
fellow members of that type (Clarke 1968; Sneath and Sokal 
1973:20-24).  Obviously, rules for membership in the latter 
will be more difficult to define precisely than the former, but 
will yield more flexible, subtle types.  In fact, Sneath and 
Sokal (1973:25) suggest a "backward" definition of a general 
(in their usage, "natural") classification: if it is demonstrably 
effective in serving multiple purposes it is deemed to be 
"natural", regardless of its derivation.  These natural/general 
types are more likely to parallel categories prehistoric people 
might have recognized.  There is, of course, no guarantee 
that this will be so, nor is there any way of ascertaining the 
actual prehistoric taxonomy (Heider 1967). 
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Method and Meaning of Monothetic Typologies 
It is immediately apparent that monothetic types are more 
appropriate for the definition of unambiguous types, for the 
identification of new specimens, and for the transmission of 
type membership criteria to other researchers.  Since it is 
only necessary to define and record those attributes deemed 
useful for distinguishing the types of interest, it is also 
apparent that a monothetic typology should have a clearly 
defined purpose, and the meaning of the types should be 
obvious, but limited.  For example, one can classify 
specimens by weight, an unambiguous attribute which is 
easy to define and measure.  However, it would be a grave 
mistake to try to use the resulting type memberships in any 
other application. 
 
The most familiar monothetic classifications are found in 
identification keys.  These usually use the least number of 
attributes possible to enable unambiguous assignment to a 
taxon.  The attributes themselves are selected for their 
discriminatory precision, not necessarily for their 
relationship to behavior, function, or history. 
 
Method and Meaning of Polythetic Typologies 

Many intuitive typologies are polythetic by default, because 
the types are defined in a qualified manner.  For example, 
Drucker (1943:56) defines the type "stone disks:" 

Slightly more than half of them are 
perforated; some imperforate specimens 
have pits pecked into the two faces.  Some 
have a wide groove concentric to the 
perforation or pit.  Similarly placed 
grooves occur on unpitted imperforate 
specimens.  In general, the objects are so 
similar that these variations are probably 
not significant, and the disks may be 
considered of essentially a single type. 

This definition is useful for identifying an object, but retains 
a certain flexibility for aberrant specimens.  Nevertheless, a 
lack of precision in definition is fatal to clear communication 
of types from one researcher to another, although this should 
be an objective of any descriptive typology. 
 
Two main methods of creating polythetic types using 
statistical techniques have been proposed.  Attribute 
association and object clustering were the subject of much 
methodological debate (Christenson and Read 1977; 
Spaulding 1982; Hodson 1982; Cowgill 1982), but as in the 
Spaulding-Ford debate, much of the apparent disagreement 
was the result of a failure to recognize that the basic goals 
were similar even if the methodologies differed.   
 
1.  Attribute association is the classic approach advocated by 
Spaulding (1953).  It follows a simple methodology: 
 
A. The primary organization of the data is done by observing 
and tallying (as proportions) the attribute combinations 
present in the assemblage.   

B. The innovative aspect of Spaulding's approach is 
statistical manipulation of these attribute combinations in 
order to identify those which depart significantly from the 
degree of association one would expect were the sample 
drawn from a randomly distributed population, i.e., clusters 
of combinations, or what Spaulding would term as attribute 
clusters or descriptive types.  This attribute association is 
done by comparing the frequencies of observed combinations 
as marginal totals to the expected combinations of marginal 
totals derived from an assumed homogeneous population.  
Significant deviations from the expected represent modes, 
and these would delineate some of the types that would have 
meaning to the makers of the artifacts.  The further 
implication is that the non-random associations are 
predictable, one variable upon another. 
 
C.  Having done this, non-physical or less apparent attributes 
such as provenience, age, and use wear can be added to the 
attribute list, and associations that include these can be 
isolated.  This may result in the exposition of functional, 
chronological or other special purpose types. 
 
The most appropriate statistical procedures to use are the 
Chi-square statistic (Spaulding 1953, 1982), or log-linear 
regression to determine multivariate relationships (Lewis 
1986). 
 
2.  Hodson (1982) and others have criticized the use of 
attribute association in favour of their preferred method of 
object clustering, a derivation of numerical taxonomy, which 
is discussed in detail in Chapter 5. 
 
The object-cluster approach treats the artifact, assemblage, 
component, etc., as a whole, as an "operational taxonomic 
unit (OTU)" (Sneath and Sokal 1973).  Nominal, interval, 
ordinal or ratio variables are isolated and compared on all 
OTUs in the form of linked pairs.  This naturally leads to a 
hierarchic organization of the OTUs, usually in the form of 
an agglomerative dendrogram.  The degree and type of 
clustering depends on the algorithm used to define clusters, 
under the orienting definition of a cluster as being "internally 
cohesive and externally isolated" (Cowgill 1982).  The 
cluster is of actual objects or higher synthetic units (i.e., not 
of empty cells or possible OTUs that are not represented in 
the sample), and becomes the "type."  This contrasts with 
attribute-association in which empty cells or blanked 
associations stand for possible types that could be 
represented by real objects. 
 
The clusters produced are polythetic, but they may have 
sufficient discreteness for certain attributes to be isolated as 
markers which could be used to establish a key.  Or, 
comparison to external variables might enable some of the 
types produced to acquire specific meaning.  Some 
researchers (e.g., Christenson and Read 1977; Doran and 
Hodson 1975) advocate further numerical taxonomic 
techniques such as multidimensional scaling or principal 
components analysis to determine which attributes have the 
most effect in driving the objects into clusters 
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The basic difference between the two methods is that object 
clustering draws its structure from the relationships of 
objects to each other (either more or less similar, based on 
the sum of the individual attribute comparisons), whereas 
Spaulding's approach looks for combinations of attributes 
that have predictive value for other attributes of the artifact 
in question.  In other words, the attributes are diagnostic of a 
relationship, but not necessarily of any one attribute value.  
Apart from this, they are similar in that both can discover 
either general or special purpose polythetic types.   
 

CONCLUSIONS ON 
ARCHAEOLOGICAL SYSTEMATICS 

 
Having created a typology aimed at an explicit purpose, 
based on suitable attributes and with suitable methodology, 
the meaning of the derived types may still not be clear.  If, 
for example, the purpose is a polythetic, functional typology 
of ground stone celts, based on a defensible set of attributes, 
then any types derived should have discrete functions.  
Exactly which functions are assigned may have to be 
determined by using the typology as an aid in further 
research.  The types could be correlated with external 
variables, such as archaeological and ethnographic context or 
use-wear patterns, which could help discriminate specific 
function, replicas could be made and their functional utility 
assessed, etc.  If, on the other hand, the aim was a 
monothetic, descriptive typology for identification purposes, 
based on attributes which had demonstrable utility for that 
purpose, then the types would obviously have no more 
necessary meaning than an "inch" or a "litre" or any other 
unit of measurement. 
 
However, the difficulty is that archaeological typologies are 
not usually so carefully crafted, and so debate about the 
meaning of types persist.  Often, special purpose (usually 
descriptive or functional, or a hybrid) typologies are used in 
applications of cultural reconstruction where polythetic 
"discovered" ones are more logical.  This problem is 
historical as much as anything, reflecting the establishment 
of accepted typologies prior to modern theory or method.  
Monks (1992:216), for example, describes the study area 
typology as ". . . 'Gulf of Georgia Traditional' . . . a widely 
used mixture of formal, functional, and cultural criteria."  
The fact that many of these traditional typologies "work" for 
a variety of different purposes is presumably because the 
experience and intuition of investigators managed to focus 
on essential, meaningful variables.  For example, Matson 
(1974) has shown that assemblages defined by the study area 
typology cluster in a meaningful way.  The Bordes typology 
of the European Middle Palaeolithic is another good example 
of an intuitively derived classification which adequately 
describes significant variation and has been of great use in 
exposing previously unsuspected avenues of research 
(Rolland and Dibble 1990).  The human brain is 
extraordinarily adept at pattern recognition, and this has 
undeniably worked to the benefit of intuitively defined 
typologies. 
 
However, the most important problem in the inference of 

meaning may be the overemphasis on discovered types as the 
intentional or proximal results of stylistic or functional 
cultural behavior (e.g., Dunnell 1978), rather than the 
unintentional results of cultural and natural processes 
(Dunnell's [1986:177] second definition of an emic type).  
The former has been most clearly argued by Deetz (1967): 
emic artifact types are the physical correlates of "mental 
templates", an approach which will be discussed in much 
more detail in Chapter 7.  It is worth noting at this point, 
however, that many other factors than intentional behavior 
contribute to the shape of an artifact and the variability of an 
artifact class.  These factors include the technical limits of 
different raw materials, post-depositional alteration, and, 
perhaps most important, use-life processes of re-use, 
reduction, and re-tooling which act to transform the "mental-
template correlate" before it is ever put into the 
archaeological record (Rolland and Dibble 1990). 
 
In other words, non-functional, non-stylistic variation will 
influence morphology and type frequencies, and should 
always be considered in a typological study.  If the 
discreteness of types is altered, then any types defined will 
have been influenced by outside factors which must be 
understood to make proper interpretation.  In this research, 
the influence of these factors is discussed at length in 
Chapters 7 to 9.   
 
One can conclude, then, that a typology must be explicit in 
purpose, construction, and application.  Some will be better 
than others at aiding research, and some will have 
methodological faults or be based on faulty premises.  But as 
long as the derivation of the typology is clear, so that the 
types do not appear to have sprung unbidden from the 
material or the archaeologist's mind, then informed debate 
will be possible about both the typology and the inferences 
about past human behavior which it enables. 



15 

Chapter 4 
 

THE DESCRIPTIVE TYPOLOGY 
 

STATEMENT OF PURPOSE 
 
As discussed in Chapter 3, an archaeological typology must 
have an explicit purpose in order to defend the choice of 
attributes used in its construction.  The purpose of a 
descriptive typology is to provide a perfectly inclusive, 
unambiguous and expandable classification scheme that 
reflects a substantial degree of the morphological variability 
of the total sample.  The descriptive types are purely 
archaeological constructs, with no necessary cultural 
meaning or behavioural correlates.  Clearly, a monothetic 
approach is most appropriate. 
 

METHOD AND PROCEDURE 
 

Justified Selection of Attributes 
Whatever the purpose of a classification exercise, it is 
important that the results should be reproducible and 
expandable by another researcher; in the case of description, 
where there are only pragmatic criteria for attribute selection, 
replicability is an end unto itself.  Insofar as the selection and 
scoring of attributes is unambiguous, and permits any 
member of the study collection to be assigned to a type, the 
typology will meet the criteria of inclusion, replication and 
description. 
 
The attributes should apply to as many of the specimens as 
possible, in order to make the resultant divisions as inclusive 
as possible.  All artifacts, including anomalous or broken 
ones, must be assignable.  Artifacts that have valid 
observations for the complete set of defining attributes will 
be fully classifiable.  Those with less than a full set of 
defining attributes because of breakage will be partially 
classifiable.  It is obvious, then, that the defining attributes 
should be present on all complete specimens, and many 
broken ones, yet they must also reflect real and major 
morphological variation.   
 
The attributes must be as unambiguous as possible.  This 
enables clear and concise communication of the criteria for 
group membership to others who may wish to add a new 
member to the classification.  For example, a major 
distinguishing characteristic which has currency in 
archaeological applications (e.g., Burley 1989) is whether a 
celt is bifacially or unifacially bevelled.  However, this is a 
difficult attribute to define, because most of the celts are 
neither perfectly symmetrically bifacial, nor completely 
unifacial.  Most of the bifacial specimens have some degree 
of skew and most of the unifacial specimens have some 
degree of bimarginal grinding.  The determination of 
attribute state is one of degree, not of kind, and in the 
absence of a precise measurement tool it is necessarily 
subjective and unsuitable for a descriptive typology.  Raw 
material is likewise an obvious classification attribute, but 
the apparent diversity of materials used in the study 

collection means that informed petrological decisions would 
have to be made.  Not only is this out of the range of 
expertise of the author, more important, it is unlikely to be a 
common or communicable expertise to others.  The choice 
was made to use metric dimensions, expressed as ratios or as 
weights, as the defining attributes.  These are based on 
unambiguously describable, omnipresent celt landmarks, 
principally the bevel chin.  Determination of the score for the 
attribute is made using readily available measuring devices: 
calipers and scales. 
 
Finally, the descriptive classification must accurately reflect 
the morphological variability of the sample.  This is a 
subjective decision, similar to the choice of a stopping point 
in a cluster analysis: a level of within-group, between-object 
similarity is deemed a cohesive threshold, separating like 
from unlike.  The clustering solution is meant to reflect true 
within-group divisions, and so the number of types is a 
byproduct of the criteria for cluster membership.  The 
number of types in a descriptive typology can be controlled 
on pragmatic grounds.  Since, by definition, the typology is a 
measurement tool, the question is, how fine a scale does this 
measurement tool need to discriminate gross morphological 
differences?  There can be no right answer to this question, 
merely a subjective, situation-specific response, based on the 
both the perceived amount of within sample variation, and on 
that variation which can be inclusively and unambiguously 
measured.  If there were suitable attributes with distinct 
modes, these might be used.  Simple qualitative attributes are 
often subjective to score, and crosscut other major 
morphological distinctions, such as size and gross shape.  
Such limitations might be acceptable were there good 
reasons to select these attributes, e.g., for a special purpose 
typology that produced functional or temporal types.  For the 
descriptive typology, where pragmatism in pursuit of the 
stated typological goal is the only criterion, a good level of 
division will be one that is explicit, logical, and results in a 
workable number of "distinct" types.  To this end, and to 
further the appearance of a purely descriptive typology, a 
descriptive statistic of central tendency is used to divide the 
artifacts.  The actual descriptive statistic points (e.g., median 
or interquartile range) are determined subjectively, as will be 
discussed further in the next section.  At this point, it must be 
emphasized that use of the median is not intended to imply 
anything about the distribution of the variables.  Use of the 
median is for convenience, and to emphasize the arbitrariness 
of the division points. 
 

Procedure 
The median of the range of values of the chosen attributes for 
all celts was calculated.  All celts above the median value for 
this attribute were placed in one group, those with median 
values and less were placed in the other.  Both halves were 
then dissected in a similar manner to produce the four medial 
quartiles, separated by the median of the total range, and the 
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median for values less than and equal to the sample median, 
and greater than the sample median.  These half-sample 
medians are referred to as the lower and upper hinges, 
respectively.  The values between the hinges are referred to 
as the midspread, or interquartile range.  Initially, all four 
quartiles for all three attributes were used as division points, 
and the artifacts were laid out accordingly.  This resulted in 
sixty-four fully classified types, plus a further number of 
partially classified ones.  This was felt to be too many to be 
workable, and appeared to overemphasize minor variability.  
It was largely on the basis of this exercise that the actual 
division points were specified.   
 
Two of the attributes chosen for descriptive classification are 
ratios derived from linear dimensions.  Ratios more 
accurately reflect an object's shape, rather than its size.  Size 
is sorted for by the third attribute, weight. 
 
1.  The first division is made according to the width to 
thickness ratio (WTR): the width at the bevel chin divided by 
the maximum thickness at the bevel chin.  The bevel chin 
was chosen as the point of reference because it is both an 
easily definable landmark and is apparently a fairly durable 
dimension.  Thus there are relatively few celts, potentially 
classifiable by any other useful attributes, for which 
calculation of the WTR is not possible.  The median value of 
the WTR is 2.92:1.  Celts with a WTR less than or equal to 
this are placed in types prefixed with 1.  Celts with a WTR 
greater than 2.92:1 are placed in types prefixed with 2.  Celts 
for which the WTR cannot be determined, due to incomplete 
width or thickness at the bevel chin, are in types prefixed 
with 3. 
 
2.  The second division is made according to the length to 
width ratio (LWR), defined as maximum length along the 
centre line (from intentionally shaped poll to bit edge), 
divided by the width at the bevel chin.  The median length to 
width ratio is 1.76:1.  Celts with a LWR less than or equal to 
this value are placed in types 1-1-(GRM) and 2-1-(GRM).   
Celts with a LWR greater than 1.76:1 are placed in types 1-
2-(GRM) and 2-2-(GRM).  Celts for which the WTR is 
calculable, but the LWR is not, are placed in types 1-U and 
2-U.  Celts on which the broken length to width ratio exceeds 
the median, and for which the weight falls into the upper 
quartile (i.e., long, large bit fragments), may be included in 
types 1-2-L or 2-2-L. 
 
3. The final division is made according to weight (GRM).  
Since the celts have already been roughly sorted by shape, 
weight sorts effectively by gross, three dimensional size.  In 
the case of slightly broken celts, the weight dimension is still 
considered relevant, since, by definition, a celt must be 
substantially complete to reach this level of full 
classification.   
 
In practice, this procedure is relatively simple, but time 
consuming, to carry out on a computer.  The entire sample 
can be ordered on the chosen attributes to determine the 
median.  A simple "if-then-else" statement quickly assigns 
the celts to the appropriate class.  These can then be isolated 

into blocks of a single type, and summary statistics can be 
calculated.  Use of the median as a method of division 
enables type frequencies to be predicted, these are given 
along with the actual frequencies in Section 4.3, and 
discussed in Section 4.4.  Those artifacts on loan at the 
University of Victoria were physically placed into their 
appropriate descriptive types and examined, to facilitate the 
following descriptions.   
 

RESULTS 
 
All 1,496 celts and celt fragments were classified using this 
procedure.  Written and quantitative description of these 
types is given to express better, beyond the type membership 
criteria, the appearance of the artifacts within each type.  It 
must be stressed that although this description necessarily 
concerns attributes that may have obvious functional or 
manufacturing relevance, absolutely no assumptions have 
been or should be made about any meaning of the types, nor 
are associations of other attributes predicted or explained.  A 
functional or other diagnostic attribute still retains 
descriptive value; it is that value which is emphasized in this 
section. 
 
The following seventeen descriptive classes are named, 
defined and described, below and on Tables 4.1, 4.2 and 4.3.  
Most of the attributes discussed are those recorded in the 
course of data gathering, which are felt to be relevant to the 
type in question.  Definitions are found in Appendix 1.  
Some are subjective assessments of the grouped artifacts.  
 
1. Type 1-1-S.  
Definition: WTR ≤ 2.92:1, LWR ≤ 1.76:1 and GRM ≤ 30.   
 
Forty-six celts fall into this category, 79% of the expected 
number (i.e., the number which would occur if the three 
attributes were completely uncorrelated).  Most appear to be 
fairly well made, some exceptionally so.  The average quality 
of manufacture is 5.5, and ranges from 3 to 8.  They are 
evenly split between those with parallel longitudinal cross-
sections, and those in which there is pollward taper.  The 
latter are also more inclined to taper towards the poll in 
width, and, in general, appear to be roughly used and less 
well made.  Almost all have flat faces, particularly those that 
are well made.  Only two (4%) of the 46 are unifacially 
bevelled, thirty-eight (83%) are either symmetrically bifacial 
or nearly so, and the remaining six are strongly skewed.  On 
68% of the bifacial celts, both bevel chins are faceted, a 
further 20% have one faceted chin.  60% have no secondary 
bevel.  The average bevel angle is 58 degrees.  In plan, 35% 
have a rounded bit, while straight/square and 
straight/diagonal bits account for 24% each.  26% have 
battered polls, and a further 26% have poll chipping.  35% 
have one straight and one convex side.  55% are made from 
dark green or black mottled nephrite, and 11% from 
luminous green nephrite.  The remainder are made from a 
variety of raw materials, mostly unidentified. 
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2. Type 1-1-M 
Definition: WTR ≤ 2.92:1, LWR ≤ 1.76:1 and  
GRM >30 ≤ 89. 
 
One hundred and five celts fall into this category, 90% of the 
expected number.  Some of the celts are of markedly high 
quality manufacture, with flat even sides and polls, well 
finished faces and moderate polishes.  Many of the less well 
finished celts also show signs of heavy-duty use, including 
repaired breaks, broken corners, battering, etc.  94% of the 
celts are bifacially bevelled, of these, 90% are symmetrical 
or nearly so.  The average bit angle is 59 degrees.  Secondary 
bevels are present on only 20% of those celts with 
sufficiently intact bits to record this attribute.  Of the bifacial 
celts, 78% have double-faceted bevel chins, 19% have 
double-rounded chins, and only 3% have mixed chins.  Poll 
battering is evident on 41% of the celts, 30% have chipped 
polls, and the rest show no poll use wear.  A unilateral 
sawcut is present on 24% of the celts, bilateral sawcuts on 
4%, and the rest have no lateral sawcuts.  Only two celts 
have a facial sawcut.  Raw material is dominated by black 
and green mottled nephrite, 60% of the total.  Basalt and 
luminous nephrite comprise 9% each.  The remaining 22% of 
the celts are made from various other identified and 
unidentified raw materials.   
 
3. Type 1-1-L 
Definition:  WTR ≤ 2.92:1, LWR ≤ 1.76:1 and GRM >89.   
 
Nine celts fall into this category, only 16% of the expected 
number.  As a group, they are relatively small for their open-
ended weight class, having a mean weight of 105 g, 
compared to the much greater mean weights of the other 
"large" types.  All are bifacially beveled, eight are 
symmetrical and one slightly asymmetric.  Primary bevel 
angle averages 61 degrees, with a maximum of 88 degrees.  
Only one celt has a secondary bevel.  One  is well made and 
finished, and apparently lightly used, but the rest are 
carelessly made and very heavily used.  Six of the nine have 
battered polls of which four are heavily battered; one of the 
others has extensive poll chipping.  The polls are mainly 
irregular and unshaped, most taper slightly in width and 
thickness from bevel chin to poll.  All but one have rounded 
bits in plan, the exception has a very straight, diagonal bit.  
Raw material is exclusively a dark mottled black and green 
nephrite or serpentine.  Only two have even one sawn side, 
whereas several have flaked sides and faces.  On these it is 
clear that they are manufactured on a flaked preform. 
 
4. Type 1-2-S. 
Definition:  WTR ≤ 2.92:1, LWR > 1.76:1 and GRM ≤ 30.   
 
Eighty-one celts fall into this category, 140% of the expected 
number.  As a group, they are mainly small, well crafted 
celts (quality of manufacture varies from 1 to 8, with a mean 
of 5.3), and are well finished in most dimensions.  They vary 
considerably, and apparently continuously, in form, from 
long and narrow bars to regular, rectangular tablets.  Most 
(60%) do not taper noticeably from bevel chin to poll; in 
most of those that do, the taper is slight.  Half have straight 

sides, and a further 22% have one straight and one excurvate 
side.  A notable minority of 41% have unilateral sawcuts, 
and a further 9% have bilateral sawcuts.  Only two celts have 
sawcut faces.  Two are manufactured on small nephrite 
flakes, and one more is expediently made on a pebble. Poll 
corner shapes are evenly split between rounded and square, 
13% have a single obvious angled poll corner.  23% of the 
polls are battered.  Over half the bits are rounded in plan, 
some proportionally very rounded.  Of the bifacial ones, 43% 
have double faceted bevel chins.  Raw material is 35% dark 
green mottled nephrite and 19% black nephrite, but fine 
quality, luminous nephrites account for 14% and 6% are 
made from an otherwise uncommon, unidentified grey 
material with quartzite veins.     
 
5. Type 1-2-M 
Definition:  WTR ≤ 2.92:1, LWR > 1.76:1 and  
GRM >30 ≤ 89.   
 
One hundred and sixty-seven celts fall into this, the most 
numerous of any of the descriptive categories, 143% of the 
expected number.  The majority are evenly rectangular celts, 
with some elongate and bar-shaped ones.  They are of 
average to good manufacture, with mostly finished sides.  
Even those sides with saw marks are much more likely to 
have the fracture ridge smoothed.  Over 40% have unilateral 
saw marks, only 5% show them bilaterally.  78% are evenly 
bevelled or slightly skewed, 16% are strongly asymmetric, 
and only 6% are unifacial.  Of the bifacial bits, 33% have 
both bevel chins faceted while 53% are double rounded in 
this attribute.  The average bit angle is 50 degrees; 60% of 
the celts have bit angles between 46 and 56 degrees.  74% 
have no secondary bevel.  Almost 2/3 have flat, parallel faces 
in longitudinal cross section, 46% have such faces in 
transverse cross section.  Polls are battered in 16%, and 
chipped in 32% of the cases.  Raw material is 36% dark 
green mottled nephrite, 12% black mottled nephrite, and 
10% luminous green nephrite.  5% of the celts are made from 
a chalky white material which may be heat-treated nephrite, 
and 3% each of quartzite and a grey material with quartzite 
veins.   
 
6. Type 1-2-L. 
Definition:  WTR ≤ 2.92:1, LWR > 1.76:1 and GRM > 89.   
 
Fifty-six celts fall into this category, 97% of the expected 
number.  Included are the most massively proportioned celts, 
as well as the most dramatically long, narrow ones.  At the 
lower end of the LWR scale, there are a few rectangular, 
tablet-like ones, but the impression given is of a largely bar-
shaped type, with those that are not slender being bulky.  
They are of average to good quality on the whole (mean 
quality of manufacture is 5.5), but one must consider that 
their large size would require larger amounts of effort to 
make a finely finished tool.  One fifth of the celts have 
straight, diagonal bits, one-half are slightly excurvate, and 
the rest are split between straight, square bits and those that 
are strongly curved.  Average bevel angle is 53 degrees, and 
37% have a secondary bevel.  Unilaterally angled poll 
corners are common, 33%, the rest are evenly split between 
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square and rounded forms.  About a third of the polls are 
battered.  Heavily battered polls outnumber lightly battered 
ones two to one.  A further 27% of polls are chipped.  
Straight sides and flat faces dominate.  34% in this type have 
a unilateral sawcut, 11% have bilateral sawcuts.  At least one 
face is sawcut on 11% of the celts.  Only 4% in this class are 
made of luminous nephrite, fewer than are made of 
greenstone (5%) and basalt (14%), although one luminous 
specimen is very large .  Black and mottled dark green 
nephrites make up 32% and 18%, respectively.  Seven celts 
without intact centre line lengths have been added to this 
class, as their broken length to width ratio is less than 1.76:1, 
and their broken weight is greater than 89 grams, meaning 
they would be put into this type even if whole. 
 
7. Type 1-U. 
Definition: WTR ≤ 2.92:1, LWR unknown. 
 
This is a diverse group of 101 celts.  As one might expect, it 
being a less fully classified group, the internal variability of 
this class is greater than that of the other descriptive types.  
Specimens range from large bit ends of robust celts to small 
bevel fragments of fragile forms.  As the width to thickness 
ratio is a defining attribute, they all have an intact bevel chin 
width and thickness.  Further dissection based on weight was 
deemed irrelevant, in the absence of three-dimensional 
proportion.  A large number (54%) have unilateral sawcuts, a 
further 12% have bilateral sawcuts.  Most (56%) have flat 
faces, but more often than not these converge towards the 
sides.  Most of the 18% with a rounded cross facial section 
are asymmetric, also.  The bevel is symmetric or almost 
symmetric in 75% of the cases where this dimension is 
recordable.  The mean bevel angle is 51 degrees.  Of the 34 
celts with some poll features recordable, 19 (56%) had been 
battered.  Raw material is 20% luminous nephrite, 50% black 
and dark green mottled nephrites, and the remainder are a 
diversity of other raw materials.  The average quality of 
manufacture is 5.0.   
 
8. Type 2-1-S. 
Definition:  WTR > 2.92:1, LWR ≤ 1.76:1 and GRM ≤ 30.   
 
Sixty-three celts fall into this category, 109% of the expected 
number.  They are of various appearances, with an apparent 
tendency towards two extremes: well crafted, regular celts of 
rectangular plan and cross section, and those made with little 
care, irregular, often thin, and often made on a flake or a 
broken fragment from a larger specimen.  The former tend to 
be larger.  In fact, there is strong concentration in weight 
towards the upper end of the range, as 21% of the celts are in 
the top 10% of the weight class.  72% have no or very slight 
pollward thickness taper.  Exceptionally, a high 43% of the 
celts are made of luminous nephrites.  Dark green and black 
nephrites make up an identical proportion.  24% are 
unifacially bevelled, and 13% are strongly skewed.  The 
remainder are evenly split between symmetrical and slightly 
skewed bits.  Of the double bevelled examples, 54% have 
two faceted bevel chins, 19% have two rounded chins, and 
the rest have one of each.  In plan, one quarter of the bits are 
diagonal, 32% are straight and square, and the remaining 

43% have curved bits.  Poll battering is present on 19% of 
the specimens, it is twice as likely to be light as heavy 
battering.  27% have a unilateral sawcut, 3% a bilateral one,  
the remainder have none.  The average bit angle is 49 
degrees, 31% have a secondary bevel.  Seven specimens had 
bevels that were too short (less than 5 mm) to measure using 
the special calipers.  This is over 1/3 of all the bevels of this 
length from the fully classifiable celts.    
 
9. Type 2-1-M 
Definition:  WTR > 2.92:1, LWR ≤ 1.76:1 and  
GRM >30 ≤ 89. 
 
One hundred and forty-five celts fall into this category, 
124% of the expected number.  On the whole, they are not 
carefully made, nor do they have regularities of plan or cross 
section.  About half have flat faces, excurvate faces and 
plano-convex cross section account for one-fifth each.  There 
is a tendency towards a curved bit plan, 63% have this 
attribute, 27% have a straight bit plan.  29% of the bits are 
diagonally oriented.  In longitudinal cross section, 55% of 
the bevels are unifacial or strongly skewed.  Of the 40 
unifacial celts, 25 have a faceted bevel chin.  Of the 
bifacially bevelled celts in this type, 60% have a two faceted, 
and 26% two rounded bevel chins.  Of the 16 celts with 
different chins, the front one is rounded and the back is 
faceted in all but one case.  The average bevel angle is 58 
degrees.  Unilateral sawcuts are visible on 19% of this type, 
of these, 80% of these have smoothed fracture ridges.  79% 
of the celts have no lateral sawcuts.  Poll battering is present 
on 35% of the celts, a further 30% are chipped, and 35% are 
undamaged.  Raw material is varied: 52% are black or dark 
green and mottled nephrite and 8% are luminous nephrite.  
Eleven other raw materials were identified, 28% of the total, 
while the remainder were of unidentified material.  Obvious 
among the other raw materials are four celts made from red 
jasper, three from sandstone, and six from a chalky white 
material that resembles limestone.   
 
10.  Type 2-1-L 
Definition:  WTR > 2.92:1, LWR ≤ 1.76:1 and GRM > 89.   
 
Ninety-two celts fall into this category, 159% of the expected 
number.  They give the general appearance of large, well 
made (mean quality of manufacture 5.5), thin, tabular celts, 
parallel faced in length and width, frequently with rounded 
or faceted sides.  The polls tend to be well finished, in a 
variety of configurations, 57% of which exhibit unifacial or 
bifacial thinning.  60% have rounded bits in plan, and 73% 
are unifacially bevelled, or strongly skewed.  Only 8% have 
symmetrical bifacial bevels, which is the modal type for the 
study sample as a whole.  Marginal secondary bevel angles 
are present on 47% of the bits.  The average bevel angle is 54 
degrees.  87% have no lateral sawcuts, only two celts have 
unsmoothed fracture ridges present.  None of the celts have a 
sawcut face.  Raw material is almost 62% dark mottled or 
black nephrite, the luminous variety makes up only 3%.  
There is a wide variety of other raw material, including five 
celts made of the chalky limestone, and six of basalt.  
Nineteen (21%) have battered polls. 



The Descriptive Typology 

 19 

 
11. Type 2-2-S. 
Definition: WTR > 2.92:1, LWR > 1.76:1 and GRM ≤ 30.   
 
Forty-three celts fall into this category, 74% of the expected 
number.  They are, with only a few exceptions, a poorly 
manufactured set of artifacts.  Five are scarcely modified 
chips of nephrite, and several more are clearly reworked 
fragments of larger tools.  Those that are fully formed tend to 
be made with care, and are tabular or bar-like in shape, with 
straight sides.  The bits on these are usually slightly convex 
or diagonal, the polls are well formed but of various shapes, 
and the sides are smoothly finished.  Unilateral sawcuts are 
visible on 14% of the total, but only one celt has a sawn face.  
28% are manufactured of luminous nephrite.  A further 31% 
are made from dark green mottled nephrite, while the 
normally common mottled black nephrite is almost absent.  
Three are made of slate, four of the limestone-like material, 
and one of sandstone.   14% have battered polls, 
 
12. Type 2-2-M 
Definition:  WTR > 2.92:1, LWR > 1.76:1 and  
GRM > 30 ≤ 89. 
 
Fifty celts fall into this category, 43% of the expected 
number.  For the most part, they are of moderately careful 
manufacture, averaging 5.1, but they are a very diverse set in 
terms of body plan, raw material and bevel angle.  A high 
number (54%) are sub-rectangular in plan, having one or 
both sides excurvate.  The sides vary a great deal in cross 
section, and only 14% have two sides the same.  The faces 
are parallel longitudinally in 54%, in only 6% do they taper 
to the poll exclusively, while 20% taper to the bevel chin.  
Two are made on large flakes, while 32% have one sawn 
side and 4%  one sawn face.  The bevels are slightly 
asymmetrical in 46% of the cases, the rest evenly divided 
between symmetrical, highly skewed and unifacial bevels.  
The bevel angle averages 48 degrees.  Raw material is 60% 
dark mottled nephrite, 6% luminous nephrite, and the 
remainder are of various or unidentified raw materials. 
 
13. Type 2-2-L 
Definition:  WTR > 2.92:1, LWR > 1.76:1 and GRM > 89.   
 
Seventy five celts fall into this category, 129% of the 
expected number.  This type includes some of the largest and 
most impressive celts in the study collection.  While the 
average quality of manufacture is not high, 4.8, the 
investment of effort involved in making some of the larger 
specimens, most of which are evenly polished with finished 
polls, sides and faces, is very apparent.  Most of the celts are 
variations on a theme of an elongate  rectangular plan, flat 
faced or plano-convex in transverse cross section.  The 
longer ones tend to be parallel sided, while many of the 
shorter ones have straight sides whose convergence is 
laterally skewed, or one straight and one excurvate side.  A 
unilateral sawcut is present on 32%, but over 80% of these 
have had the fracture ridge smoothed off.  Only three celts 
have a sawcut face.  Battering is present on 1/3 of the polls, 
where it occurs it is twice as likely to be heavy as light.  

Luminous nephrite is used in only 4% of the specimens, 40% 
are made of dark mottled green or black nephrites, and the 
rest are made of a variety of raw materials.  25% of the total 
are of unidentified raw material.  A further 12 celts are 
assigned to this category because, while broken, their LWR 
is greater than 1.76:1, and their weight is greater than 89 
grams, meaning they would be put into this type even if 
complete. 
 
14. Type 2-U 
Definition:  WTR > 2.92:1, LWR unknown. 
 
This is a diverse group of 84 celts, ranging in length from 19 
to 109 mm, and in weight from 1 to 246 grams.  Specimens 
range from large bit ends of robust celts to small bevel 
fragments and reworked nephrite flakes.  88% are classed as 
bit ends, the remainder are classed as fragments as they have 
more than one dimension missing.  Unilateral sawcuts are 
present on 28%, only 5% have facial sawcuts.  62% have flat 
faces in cross section, these converge to the sides in 40% of 
these.  Of those 18 with some poll attributes distinguishable, 
12 (67%) are battered.  The bevel is unifacial or highly 
skewed in 45% of the cases.  Luminous nephrite is the raw 
material of 12%, black and dark mottled green nephrites 
make up a further 40%.  Of the various other raw materials, a 
surprising 11% are a chalky limestone material.  All except 
one of the celts made from this come from the central Fraser 
Valley. The average quality of manufacture is 5.0. 
 
15. Type 3-B  Bit Fragments. 
 
One hundred and fifty-two celts were placed into this 
category.  It is defined as those celts not fully classifiable 
that cannot be put into Type 1-U or 2-U, which have at least 
part of a bevel chin and are clearly the bit end or a fragment 
thereof from a celt, no matter what size or shape.  It is 
therefore a very diverse group, ranging in length from 12 to 
177 mm (mean 58), and in weight from 1 to 354 grams 
(mean 42).  Nevertheless, it is felt that nothing is to be 
gained by further dissection.  Of those on which the attribute 
can be discerned, 16% are unifacial, and the rest are 
bifacially bevelled to some degree, evenly split among those 
whose bits are symmetrical, slightly skewed, highly skewed, 
and bifacial with unknown skew.  Average bevel angle is 49 
degrees.  Unilateral sawcuts are present on 32% of those 
where enough of both sides can be seen.  Facial sawcuts are 
present on less than 3 percent.  Quality of manufacture 
averages 5.0.  Raw material is 45% dark mottled nephrites, 
13% luminous nephrites, and the rest are made from an 
assortment of identified and unidentified raw materials. 
 
16.  Type 3-P  Poll Fragments. 
 
One hundred and forty-one celts were placed in this 
category.  They all lack a complete bevel chin, but possess a 
relatively intact poll, and often a significant portion of the 
body as well.  It is likely that a few of these are actually from 
other tablet shaped ground stone tools, most probably 
"whatzits", a number of which were mistakenly collected 
from museums at the start of this project.  Nevertheless, as 
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with descriptive type 3-F there is little doubt that most are 
from celts.  Even their fragmentary state argues for heavy-
duty use.  Such signs of use are notably absent from Gulf 
Island Complex artifacts, or "whatzits".  These poll 
fragments range in size from 3 to 239 grams (mean 57), in 
length from 19 to 120 mm (58), in poll width from 5 to 77 
mm (27) and in poll thickness from 3 to 21 mm (11).  15% of 
the polls are battered, and another 16% are chipped.  There 
are unilateral sawcuts on 38% of those with enough body 
present to be confident of this measure, a rather surprising 
14% has sawcuts on at least one face, as well.  The average 
quality of manufacture is 5.1.  13% are made of luminous 
nephrite, 39% of mottled dark green or black nephrite, 12% 
of pale mottled nephrite, and the rest are of various other raw 
materials. 
 
17. Type 3-F Miscellaneous Fragments. 
 
Sixty-five specimens were placed in this category, on the 
grounds that they were pieces of ground stone likely 
representing celt fragments, despite a lack of cutting edge or 
shaped poll.  Many of these are medial segments of tablet 
shaped objects, others are possibly fragments of "polls" or 
"bevel chins".  It is likely that some of these are not from 
celts, but are from other ground stone tool types, such as 
"whatzits" or ground stone points or knives.  Given their 
fragmentary state, it is not unreasonable to suggest that many 
are from a tool used in some heavy-duty activity.  Equally, 
many may be manufacturing waste.  They are a varied lot, 
ranging in weight from 1 to 384 grams, in length from 16 to 
152 mm, and in width from 3 to 72 mm.  The average quality 
of manufacture is 4.6.  Raw material is 14% luminous 
nephrite, 38% mottled black or green nephrites, 15% slate, 
and the rest of various other materials. 
 

DISCUSSION 
 
As mentioned above, one benefit of a descriptive typology 
based on the median statistic is that type frequencies for the 
934 fully classified celts can be predicted.  Establishment of 
a 2 X 2 X 4 (16 cell) table, based on the two medians and 
four quartiles, would give 16 cells, each of which would 
have 1/16 of the total number of fully classified celts.  Since 
the descriptive typology is a 2 X 2 X 3 (12 cell) table, with 
the last dimension representing small, medium and large, as 
defined by the median and interquartile range, expected cell 
frequencies are 8 cells with 1/16 of the total and 4 cells with 
1/8 of the total.  "Medium" sized types thus have an expected 
frequency of about 117 and types defined as "small" or 
"large" have an expected frequency of about 58.  Actual 
frequencies are noted in the course of the descriptions, 
above.  It is a simple matter to test the observed versus the 
expected 

type frequencies using the Chi-square statistic, to see if the 
observed distribution is likely to have arisen by chance.  
With 11 degrees of freedom, Chi square is 150.15, meaning 
that the probability this observed pattern of type frequencies 
could occur by chance is less than 1 in 10,000.  One may 
conclude that while the descriptive attributes were chosen 
purely for their descriptive utility, and types were defined 
based on equal numbers of attribute states using a descriptive 
statistic, some combinations of these attributes are more 
likely to co-occur on actual celts.  In so many words 
thickness, stubbiness, and large size (1-1-L) are the least 
common attribute combination, followed by flatness, 
elongation and medium-size (2-2-M).  The most common 
attribute combinations are thickness, elongation and medium 
size (1-2-M) and flatness, stubbiness and large size (2-1-L).  
This could either imply that they have an emic meaning, that 
they are differentially durable, or that they were curated 
differently by their users.  The answer is, of course, 
irrelevant to the descriptive typology, although it may help 
point the way to other typological questions.  
 
It cannot be overemphasized that the types which result from 
a descriptive classification have no functional, spatial or 
temporal meaning.  It is initially difficult to look at a purely 
descriptive classification and not infer functional meaning.  
This is because the descriptive typology usually reflects size 
and shape, which are also obvious functional attributes.  
With familiarity, however, descriptive typology becomes as 
meaningful within the bounds of its purpose as any other 
typology. 
 
For example, someone adding a new celt to the classification 
will automatically know a three-dimensional relationship of 
that celt to Coast Salish celts in general.  The median was 
chosen partly because it is likely to be stable in the event of 
new members being added, even highly anomalous ones, and 
so the division point will continue to reflect true medians 
into the future.  In this way, some of the benefits of having a 
large sample of artifacts, such as having confidence in the 
frequency distributions of the attributes measured, is 
transferred into the descriptive typology.  Were the division 
points based on a less systematic basis (e.g., less than or 
greater than some round number), or based on a less 
appropriate measure of central tendency (e.g., the arithmetic 
mean), then the types would not bear their intrinsic 
relationship to the sample as a whole.  The total sample 
median of defining attributes is not known to have been used 
as a principal rationale for creating an explicitly descriptive 
typology in any previous archaeological research. 
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Table 4.1: Summary statistics for descriptive classes 1-1-S to 1-2-L and 1-U. 
 

 ATTRIBUTE 
TYPE Length along Width at Bevel  Thickness at Weight  (grams) Primary Bevel 
 Centre Line (mm). Chin (mm). Bevel Chin (mm).  Angle (degrees) 
      
1-1-S      
Mean 38 27 10 23 58 
Range 29-47 18-39 7-18 9-30 37-85 
S.D. 4.8 4.1 2.1 5.4 12.6 
      
1-1-M      
Mean 50 35 15 48 59 
Range 32-76 27-47 10-22 31-88 39-80 
S.D. 8.7 4.4 2.1 15 9.5 
      
1-1-L      
Mean 72 48 18 105 61 
Range 52-86 42-53 17-21 91-143 51-88 
S.D. 10 4.0 1.3 17 10.7 
      
1-2-S      
Mean 48 19 9 19 46 
Range 23-83 7-27 3-15 2-30 27-75 
S.D. 12 4.5 2.3 7.9 9.5 
      
1-2-M      
Mean 68 29 13 55 50 
Range 47-107 18-40 9-20 31-89 25-73 
S.D. 11 4.6 2.4 16 7.6 
      
1-2-L      
Mean 111 40 18 171 53 
Range 74-285 25-56 13-28 93-594 35-74 
S.D. 35 6.8 3.6 97 8.0 
      
1-U      
Mean n/a 28 13 39 51 
Range n/a 6-61 3-31 3-192 29-90 
S.D. n/a 9.1 3.6 28 10.6 
 
. 
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Table 4.2: Summary statistics for descriptive classes 2-1-S to 2-2-L, 2-U and all fully described celts. 
 

 ATTRIBUTE 
TYPE Length  along Width at Bevel  Thickness at  Weight (grams) Primary Bevel  
 Centre Line (mm). Chin (mm). Bevel Chin  (mm)  Angle (degrees) 
      
2-1-S      
Mean 39 30 6.5 18 49 
Range 21-59 14-47 3-12 2-30 21-77 
S.D. 9 7.1 2.1 8.6 12.6 
      
2-1-M      
Mean 56 46 12 57 55 
Range 31-85 32-83 7-18 31-89 35-85 
S.D. 10 8.1 2.0 17 11.0 
      
2-1-L      
Mean 82 60 13 131 54 
Range 54-123 43-77 8-19 90-253 35-75 
S.D. 15 7.4 2.2 38 8.1 
      
2-2-S      
Mean 49 21 5 15 41 
Range 24-83 7-32 2-9 2-29 15-57 
S.D. 14 5.6 1.9 9.2 11.6 
      
2-2-M      
Mean 74 32 9 55 48 
Range 50-120 17-43 4-13 31-89 22-71 
S.D. 13 6.2 2.2 18 10.6 
      
2-2-L      
Mean 125 50 13 195 49 
Range 81-275 26-74 5-19 91-640 31-72 
S.D. 35 9.3 3.1 98 8.3 
      
2-U      
Mean n/a 40 9 56 49 
Range n/a 8-71 2-17 1-246 26-71 
S.D. n/a 14 3.3 47 9.9 
      
Total: All 934 fully classified celts. 
      
Mean 67 37 12 72 52 
Range 21-285 7-83 2-28 2-640 15-88 
S.D. 29.7 13.5 3.9 71 10.6 
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Table 4.3: Summary statistics for descriptive classes 3-B, 3-P, 3-F. 
 
 ATTRIBUTE 
TYPE Maximum  Maximum  Maximum  Weight  (grams) Primary Bevel  
 Length (mm) Width (mm) Thickness (mm)  Angle (degrees) 
      
3-B      
Mean 58 34 12 42 49.1 
Range 12-177 9-69 4-29 1-354 26-80 
S.D. 27 13 3.8 47 9.6 
      
3-P      
Mean 58 35 14 57 n/a 
Range 19-120 9-77 4-25 3-239 n/a 
S.D. 21 13 4.1 46 n/a 
      
3-F      
Mean 60 34 12 53 n/a 
Range 16-152 3-72 5-29 1-384 n/a 
S.D. 27 14 4.9 67 n/a 
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Chapter 5 
 

CLUSTER ANALYSIS: METHOD AND PROCEDURE 
 

Cluster analysis is a generic term for methods using 
mathematical manipulation of the identifying characteristics 
of a set of objects in order to discover which objects are 
similar to each other.  It is thus part of a broader approach 
called numerical taxonomy.  This chapter discusses cluster 
analysis as a generic approach, attempting to define which 
procedures are appropriate for the classification of Coast 
Salishan ground stone celts. 
 

PRINCIPLES OF NUMERICAL 
TAXONOMY 

 
Numerical taxonomy is a conceptually simple, but 
operationally complex, method of objectively quantifying the 
similarities and dissimilarities between units, and of 
describing the structure of resemblance relationships among 
those units (Romesburg 1984:315).  As a multivariate 
descriptive method, it is used to create taxa through a wide 
variety of statistical procedures such as multidimensional 
scaling, principle components analysis and cluster analysis.  
Interpretation of taxa created through this method is 
problematic if not supported by, or qualified in terms of, the 
procedural choices made.  This section summarizes 
taxometric method, and some problems in interpretation 
when it is applied to archaeological materials. 
 
Sneath and Sokal (1973) provide an excellent guide to 
numerical taxonomy, outlining the principles of, and steps to, 
a variety of procedures.  Among the seven principles of 
numerical taxonomy proposed by Sneath and Sokal (1973:6), 
three are of particular interest to an archaeological study. 
 
Principle 1: "The greater the content of information in the 
taxa of a classification, and the more characters on which it 
is based, the better a given classification will be (Sneath and 
Sokal 1973:6)". 
 
The use of a large number of variables, measured at an 
appropriate scale, will produce the widest possible base of 
information from which taxa (types) can be drawn.  There is 
no upper limit on the number of variables that can be chosen, 
except as imposed by logistics.  Greater numbers of 
characters increases the coding and computer processing 
time.  The least number of characters that should be used is 
not theoretically defined, but Sneath and Sokal (1973:108) 
report that very little empirical difference in clustering 
solutions was observed in three independent studies of the 
same 25 bee species, using 53, 62 and 119 characters.  The 
advice given is: 

 . . . to take as many characters as is 
feasible, and distribute them as widely as is 
possible over the various body regions, life 
history stages, tissues, and levels of 

organization of the organisms (Sneath and 
Sokal 1973:108).   

It was found that the Salishan celts do not have a sufficiently 
complex morphology to support a vast number of coded 
characters.  Obvious qualitative shape attributes, such as the 
shape of the poll corners, tended to be poorly standardized, 
making categorization difficult.  Initially, the coding 
procedure was overly optimistic: later it was realized that 
many categories should be dropped or collapsed because of a 
lack of observational reliability.   The actual number of 
characters that entered any analytical procedure varied.  The 
rationale for attribute choice or rejection is given in the 
course of following chapters when the clustering procedure 
is applied, and is noted in the variable definitions.  
 
Principle 2: "A priori, every character is of equal weight in 
creating natural taxa (Sneath and Sokal 1973:6)". 
 
This expresses two controversial aspects of numerical 
taxonomy: 
 
A. The assumption of equal weight ignores the likelihood 
that some attributes of an organism, and even moreso those 
of an artifact, may be of greater intrinsic importance than 
others for the purposes of classification.  In many cases, of 
course, there is no prior means of saying which aspects 
should be differentially weighted, or by how much.  In fact 
such weighting would imply prior knowledge of the 
categories that the units should fall into, an illogical 
assumption given that the overall purpose is to discover what 
these categories are (Sokal 1965:109).  Furthermore, given 
the adoption of a large number of characters, differential 
weighting would have to be very great to overcome the 
cumulative effect of a large number of unweighted characters 
(Sneath and Sokal 1973:112-113).  Pragmatically, then, there 
may not be justification for weighting to such a high, or 
indeed any, degree. 
 
B.  The assumption that "natural" classes exist which can be 
discovered poses problems for archaeologists, should they 
wish to believe that the product of a taxometric approach will 
reflect ordering that would have meaning to the artifact's 
makers.  Explanation of the observed ordering must consider 
attributes that are inappropriate for entry into the 
resemblance matrix.  For example, a clustering solution 
based on morphological characteristics might define 
temporal or spatial variation, which in turn might result from 
cultural factors such as stylistic preference, trade patterns, 
raw material economizing, or any number of other 
influences.  Interpretation of these clusters must stop with 
their definition.  Further inference of any cultural meaning of 
the clusters will necessarily include one or more of the 
following: 
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1.  Discussion of the meaning of the individual or grouped 
attributes which drive the clustering, perhaps through an 
attribute-space reduction technique such as multidimensional 
scaling. 
 
2.  Correlation of the clusters with outside variables that have 
cultural or archaeological relevance. 
 
3.  Conscious selection of only those attributes with 
demonstrable relevance to a special-purpose typology.   
 
Principle 7: "Classifications are based on phenetic similarity 
(Sneath and Sokal 1973:6)". 
 
Sneath and Sokal (1973:9-10) note that more than one 
process could give rise to the observed diversity of forms 
within the set of objects being classified.   Such processes as 
divergence and convergence obscure the historical evolution 
of the present day patterning and are said to be unknowable, 
except by reference to the imperfect fossil record.  Thus, the 
relationships implied by the product of a taxometric 
approach should be interpreted as purely phenetic, that is, 
they reflect only present day features and cannot be assumed 
to include or imply historical (phylogenetic or cladistic) 
information.  Although such information may coincidentally 
result, it must be demonstrated by reference to the fossil 
record or other external information.  The implication for an 
archaeological study is that the types generated by cluster 
analysis will have no necessary reference for establishing 
culture history except by correlation with attributes outside 
of those used in calculation of the resemblance matrix.  That 
is, other attribute types such as provenience and age can be 
correlated with the "natural" types to create a special purpose 
classification (Romesburg 1984:206-211). 
 

METHOD OF CLUSTER ANALYSIS 
 
Attributes are always selected and coded according to the 
research goal, which may be general purpose and descriptive, 
or special purpose and limited.  A balance must be found 
between the desire to describe fully the morphology of an 
object, and the limitations imposed by logistics and 
pragmatics.  Most taxometric goals are unlike other 
multivariate statistical goals in that the initial choice of some 
attributes can be made on the basis that they are merely 
descriptive. There is not a model of attribute interaction that 
must be justified from the outset.  Nevertheless, careful 
thought should go into the selection of attributes, and should 
creation of special purpose clusters be considered necessary, 
selection of the attribute set used to create them must be 
justified.  Apart from selection, the measurement scale of the 
attributes is the most critical early decision.  This strongly 
influences the number of possible resemblance coefficients 
that can be chosen, and restricts further manipulations of the 
resulting matrix.  Measurement scale should be appropriate 
for the longer term analytical goal, and not just short term 
convenience.  

Selection of an Appropriate Method of 
Calculating a Matrix of Resemblance 

A resemblance coefficient measures the similarity or 
dissimilarity between pairs of objects.  The results of all 
paired comparisons for the set of objects being studied is 
stored in a resemblance matrix (Romesburg 1984:316).  A 
critical decision is the choice of similarity coefficient, which 
must match the measurement scale of the attributes defining 
the objects and be suitable for further transformation if 
desired. 
 
Many similarity coefficients have been proposed for cluster 
analysis (Sneath and Sokal 1973, Jardine and Sibson 1971, 
Clifford and Stephenson 1975, Romesburg 1984).  Most of 
these are designed for specific scales of measurement.  A 
similarity coefficient such as Jaccard's which depends on 
matching paired answers (dichotomous measurement, 
presence/absence, etc.) is not able to produce a distance 
metric for a variable that is measured at a ranked qualitative 
or continuous scale of measurement (Shennan 1988:203-
204).  Similarly, a euclidean distance measure cannot absorb 
qualitative measurements.  If the data being analyzed are 
measured at a variety of scales, as is the case in the current 
study, then there are limited options open to the researcher.  
These include, in intuitive order of their acceptability: 
 
1.  Ignoring the problem, thustreating the qualitative 
attributes as if they were quantitative attributes.  According 
to Romesburg (1984:171) this apparently absurd approach 
often works surprisingly well.  Intuitively, one can see that it 
will work better if the cluster structure inherent in the data is 
fairly robust.  It is not used in this study because other, better 
options are available. 
 
2.  Dissecting the continuous scale variables into ordinal or 
even dichotomous classes.  For example, class intervals of n 
cm could be established for length, and each case would be 
rescored on a scale of 1 to n.  One extreme would be a simple 
dichotomy into length classes 0 and 1 (short and long), which 
entails significant, and somewhat arbitrary loss of 
information even in a rare situation of an obvious bi-modal 
length frequency distribution.   Another extreme would be to 
set up a number of binary variables corresponding to the 
number of possible responses on an interval or even metric 
scale.   For example, thicknesses with a range of 2 to 30 cm, 
measured to the nearest millimetre, could be coded as 28 
false and one correct response to a series of 29 binary fields.  
This approach can easily lead to an unwieldy number of 
variables, and highly inefficient data processing.  It will also 
have the effect of compressing the resultant similarity 
coefficients into a narrow range, overemphasizing sameness 
at the expense of real difference.  The combination of loss of 
information, arbitrary dissection, and processing difficulties 
due to the very large number of attributes, caused this 
approach to be rejected.  Also, none of the continuous 
attributes had a non-unimodal univariate frequency 
distribution. 
 
3.  One or more scales of measurement can be dropped from 
the analysis, again with a major, and possibly systematic, 
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loss of information.  For example, only metric continuous 
scale measurements might be used in a matrix of 
dissimilarity, with the loss of information contained in 
potentially relevant fields such as raw material, shape of poll, 
cross section shape, etc.  The current study eventually 
adopted this approach, after a lengthy attempt to make a 
better way work. 
 
4.  A fourth option is to apply a coefficient that can create a 
matrix of resemblances using more than one scale of 
measurement.  One such measure is Gower's General 
Coefficient of Similarity (Gower 1971).  The following 
section discusses Gower's Coefficient, and establishes its 
suitability for use in the current archaeological application. 
 

Gower's General Coefficient Of Similarity 
Gower's Coefficient has seldom, if ever, been used in an 
archaeological application.  Shennan (1988:207) states that it 
has enjoyed widespread use in archaeology, but fails to give 
examples.  Romesburg (1984:172) states that he could find 
only two applications of Gower's coefficient, SG,, in a 
literature search that includes archaeological subject matter, 
and that these two applications are related.  Aldenderfer and 
Blashfield (1984) note that Gower's coefficient is an 
extremely useful coefficient of similarity and cannot explain 
its lack of archaeological use, but speculate it results from its 
exclusion from commercial statistical packages.  Doran and 
Hodson (1975:143) state that it is ". . . ideally suited to 
archaeological data." 
 
The article in which Gower formally proposes the coefficient 
(after years of informal sharing of the method) mentions 
previous applications (Gower 1971:858), but those that were 
examined in the current research in fact made scant reference 
to methodology, and thus were difficult to evaluate.  Gower's 
article has been cited more frequently of late, judging by 
recent volumes of the Science Citation Index.  These 
citations are to mainly brief, botanical applications, in which 
abbreviated methodological descriptions make it impossible 
to determine exactly how the coefficient was applied.  
However, this standard of brief mention does indicate a high 
degree of acceptance of this measure, curious in view of the 
reservations discussed in Romesburg (1984:173), and the 
peculiarities that were uncovered in the course of the current 
work (discussed in the following chapter). The lack of actual 
archaeological applications of Gower's coefficient is difficult 
to explain, given its suitability to typical archaeological 
measurement scales which reflect interest in metric 
dimensions as well as raw material, use wear assessment, and 
other qualitative scales, and the endorsements it has received 
in the archaeological literature, as cited above.   
 

Calculation Of Gower's Coefficient 
Gower's Coefficient is easy to understand.  Three different 
methods of calculating similarity are used in parallel, one for 
each of three scales of measurement. 
 
A. For dichotomous (binary, presence-absence) variables, a 
simple matching coefficient is employed, scoring 1 for a 
match and 0 for a mismatch.  Missing values are treated in 

the manner of the Coefficient of Jaccard, i.e, mismatches are 
treated as noncomparable, and do not count towards the 
denominator.  The current study had no attributes measured 
at a dichotomous scale. 
 
B. Multistate variables are treated similarly, 1 for a match 
and 0 for a mismatch.  In the case of ranked multistate 
variables (e.g., ranked assessments of quality of 
manufacture), the simplest solution is for a matching 
coefficient to be used.  Although there is an undesirable loss 
of information inherent in using a matching coefficient, it 
pales compared to the loss of information if one were to use 
a resemblance coefficient that could not use all scales of 
measurement.  In the case of the ranked multistate attributes, 
it is also possible to assume equal intervals, and to treat these 
as if they were true quantitative attributes.  This has been 
done for quality of manufacture, degree of bevel skew, and 
surface finish, in this study.  It is reasonable to discriminate 
between the comparison of a very well made artifact "a" 
(score on QMF=7) with its near equal in quality "b" 
(QMF=6), and between "a" and a poorly made (QMF=2) 
artifact "c".  With a range of QMF values from 1 to 9,  SGab 
is 0.89, while SGac is 0.38, which is a reasonable reflection 
of this relationship between the three objects.  If left in a 
simple matching situation, both SGab and SGac would equal 
0.0, a less realistic assessment, but suitable for the scores on 
raw material of a=1, b=3, c=6.   
 
C.  Attributes measured on a quantitative scale are 
standardized in the following manner.  First, the pairwise 
comparison of a1b1 is made, and the absolute value of the 
difference is recorded.  Second, this absolute value is divided 
by the value range of attribute 1, to give a value between 0 
and 1.  Third, this product is subtracted from 1, to give 
SGab.  For example, artifact a is 50 mm long, artifact b is 75 
mm long, and the length of all artifacts ranges from 25 to 
100.  The absolute value of a1-b1 is 25.  Division of (25) by 
the range (75) gives 0.33.  Finally (1)-(0.33) is 0.66, the 
value of SG for this pairwise comparison.  In effect, then, the 
quantitative contribution to SG is equivalent to a city block 
metric, standardized by the range (Romesburg 1984:173). 
 
Collating the three sub-coefficients is a matter of adding up 
all scores and dividing the result by the number of valid 
observations which in this example is three.   On raw 
material the artifact scored 0.0, on QMF 0.89, and on length 
it scored 0.66 so SGab=(0.0 + 0.89 + 0.33)/3, SGab=0.52.  
Adding more attributes simply increases the numerator and 
denominator of the three partitions of the combined matrix. 
 
Gower's coefficient transforms attributes at a variety of 
different measurement scales into a single matrix of 
similarity, without recoding or dissection.  It is intended to 
minimize information loss and simplify character recoding 
(Gower 1971:865).  It was felt to be the ideal measure of 
similarity for a taxometric approach to variability among 
Coast Salishan celts. 
 
Because this coefficient was not an option in an available 
commercial software package, a custom FORTRAN program 



The Taxonomy of Ground Stone Tools 

 28 

was used.  This program was originally written in the 1970s 
by E. Hagmeir, then of the Department of Biology, 
University of Victoria.  It was subsequently modified by 
Stephen Cross of Aquametrix Consulting, Sidney, B.C., and 
extensively revised again for this project by Richard 
Chadwick of the Cornett Computing Centre, University of 
Victoria.  The final modification enabled a very large matrix 
to be calculated, which caused data processing difficulties.  
In a cluster analysis, the dataset must be manipulated in toto, 
rather than read on and off a disk during program execution.   
When this is combined with the large number of iterated 
calculations and the size of the produced matrix, it means 
that tremendous data processing capacity is required.  In fact, 
the current study represents the largest number of clustered 
OTUs in a Q-type analysis encountered in the archaeological 
literature review.  Computer capacity has been one of the 
main impediments to cluster analysis in general, the 
calculations for which while not complex, are numerous.   
 
The procedure was performed on the University of Victoria's 
IBM 3090 mainframe computer, operating under VM/XA. 
The matrix was read into the Statistical Package for the 
Social Sciences (SPSS-X) under the similarity matrix input 
option, and the clustering algorithms UPGMA and CLINK 
(method=baverage and method=complete, in SPSS-X 
language) were applied, producing a scaled dendrogram and 
an agglomeration schedule.  Selection and use of this 
clustering algorithm is discussed in the following section.   
 

CHOICE OF A CLUSTERING 
ALGORITHM 

 
Having created a suitable matrix of resemblances, a number 
of clustering algorithms are available to join the individual 
cases together.  These fall into two broad groups, hierarchical 
and partitive (Shennan 1988:196).  Both share a common 
feature: clusters are forced onto the data regardless of 
whether the matrix of resemblances is so structured.  The 
central challenge of interpretation is thus to define "real" 
clusters. 
 

Partitive Algorithms 
Partitive algorithms based on resemblance matrices are 
commonly used, but have methodological and theoretical 
constraints.  The general procedure is as follows: 
 
A decision is made as to how many clusters are appropriate 
for a given sample.  The resemblance matrix is then divided 
into the ordained number of clusters, under the guidance of 
various optimizing rules which ensure that the clusters 
formed are as inclusively coherent and externally isolated as 
possible.  Obviously, there are an enormous number of 
possible combinations of OTUs and so the algorithm to form 
and optimize clusters must be very efficient.  The usual 
procedure is to make iterative passes through the data, 
allocating and reallocating cases to clusters.  The most 
familiar such technique is k-means clustering (Shennan 
1988:226).  The problems with this technique are various.  
Firstly, it can only deal with a matrix of Euclidean distances, 
which cannot be calculated for qualitative variables.  

Elimination of qualitative assessments and presence/absence 
scores is undesirable due to the loss of information, 
especially on key characteristics such as shape.  Secondly, 
there must be a priori reasons that suggest what the number 
of clusters should be.  These may be theoretically derived, or 
based on empirical evidence, such as a previous hierarchical 
clustering solution, in which case the argument becomes 
circular.  Or, the optimal number of clusters may be 
estimated by calculating a series of optimal partitions for 
various numbers of clusters, and then plotting these as the 
percentage error of average OTU fit within their stage-cluster 
membership versus their fit against the sample as a whole 
(conceived of as one single cluster).  A distinct elbow in this 
graph should indicate the best number of clusters (Orton 
1980:53).  Lack of an elbow indicates that there is no best 
solution, multiple elbows indicate more than one acceptable 
solution.  The graphing approach, which can be done by 
hand for small sample sizes, is impossible on larger samples 
without appropriate software. 
 

Hierarchical Algorithms 
Hierarchical algorithms take two forms, agglomerative and 
divisive.  In both, all the cases are grouped together in a 
hierarchical tree of clusters, with all cases in one cluster at 
one extreme, and each case representing a unique cluster at 
the other.  Somewhere between these extremes will lie the 
clustering solution that is most appropriate for the stated 
purpose of the research in question.  The definition of "most 
appropriate" is a critical and difficult step in cluster analysis, 
and is best discussed later, in relation to the actual research 
in question. 
 
Divisive algorithms start with all cases in one cluster, and 
break these into successively larger numbers of clusters 
containing successively fewer numbers of cases; 
agglomerative algorithms do exactly the opposite.  In both 
algorithms, once a case has joined a cluster, it cannot be 
separated and rejoin another cluster at a later stage in the 
clustering sequence.  The clusters are therefore said to be non 
overlapping, unlike the overlapping, iterative k-means 
approach (Shennan 1988:220-225).  In hierarchical clustering 
there can be no reticulated branching of the dendrogram. 
 
Divisive hierarchical approaches based on a resemblance 
matrix are relatively rare in archaeology (Shennan 
1988:220).  It is worth noting, however, that the traditional 
archaeological typology used on the Northwest Coast is 
monothetic and hierarchical, based on a simple divisive 
algorithm (presence or absence of certain qualitative traits).  
The descriptive typology presented in Chapter 4. is also 
monothetic-divisive-hierarchical.  Since neither involve the 
creation of a resemblance matrix based on multiple 
attributes, neither can be considered strictly as a cluster 
solution. 
 
Of the available agglomerative hierarchical clustering 
algorithms, only three are suitable for use with a matrix 
representing non-euclidean space, such as the Gower's 
matrix.  These are, with their synonyms in brackets, single 
linkage (nearest neighbour, SLINK), complete linkage 
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(furthest neighbour, CLINK) and the unweighted pair-group 
method using arithmetic averages (average linkage, 
UPGMA).   
 
Single linkage, in which the units are joined together in the 
rank order of similarity coefficients, and units join clusters 
by being more similar to one member of that cluster (by 
definition the nearest member), is prone to the problematic 
phenomenon of chaining.  Chaining occurs when a series of 
objects with similar coefficients sequentially join onto an 
otherwise well-defined cluster which is not particularly 
similar to the new members, and becomes less so with their 
addition.  The cluster effectively becomes elongate in 
attribute space, rather than the ideal "spherical" 
(multidimensionally hyperspherical) conformation, and the 
internal cohesiveness ideal of a cluster is compromised.  
Ultimately, of course, the entire sample is joined into a single 
chain, but without chaining the outliers will fuse at a lower 
degree of similarity than can occur with this method.  In its 
favour is the mathematical logic that underlies its application 
(Jardine and Sibson 1971:56), and the distortion-free way it 
illustrates the rank order of fusion coefficients.   
 
Furthest neighbour clustering, in which an object can only 
join a cluster if it passes an ordained threshold of similarity 
with that cluster, produces tight clusters, and is very resistant 
to chaining.  Chains are broken whenever there are unequal 
links (Jardine and Sibson 1971:54-55).    The core areas of 
the clusters approach sphericity, but many OTUs are left out 
of tight clusters, scattered in inter-cluster attribute space 
(Sneath and Sokal 1971:228).  So, one can have confidence 
in the clusters identified, but one must accept a potentially 
large number of unclassified objects. 
 
Average linkage strikes a compromise between these two 
approaches.  When a pair is fused, or a new member is added 
to a cluster, a new resemblance coefficient is calculated.  
This new coefficient is the average of the coefficients of the 
cluster members.  Cluster admission is to the object or cluster 
that has the least effect upon the existing average of 
similarity coefficients of the admitting cluster.  This reduces 
the matrix in size at each fusion step, as the algorithm 
nibbles away, cell by cell, until just a 2 X 2 matrix remains.  
This linkage method reduces the effect of chaining by the re-
averaging process, which helps keep the cluster spherical.  
Yet, otherwise, the criteria for membership are not so 
stringent as in furthest neighbour linkage, and so excessive 
structure is not imposed onto the matrix (Romesburg 1984). 
 
TREATMENT OF MISSING VALUES 

 
Important archaeological artifacts may be relatively 
uncommon or fortuitously found, and when found they are 
frequently broken.  Taken together, this means that one will 
often have the situation of certain attributes of a specimen 
not being recorded or recordable, while a strong desire to use 
what information is embodied in the artifact or specimen 
remains.  Missing values pose two distinct problems in 
cluster analysis, discussed below. 

Pairwise and Listwise deletion   
The similarity coefficient must deal with missing values in a 
logical manner.  One way is to allow their pairwise 
comparison with other missing values (which would result in 
a unity score for that pair), thus ignoring the problem.  
However, this would tend to result in higher similarity scores 
for pairs with more missing values, all else being equal, thus 
blurring the differences between true and artificial high 
scores.  This would be a major problem since it may be these 
most similar units which are the most interesting.  An 
alternative approach is to delete missing values in one of two 
ways: "listwise" or "pairwise". 
 
"Listwise" deletion occurs when any OTU with even one 
missing value is discarded from the analysis.  The advantage 
of this method is that the similarity coefficient for all cases 
will be based on all the attributes, avoiding the missing value 
problem altogether, and the set of attributes that produce the 
similarity coefficient for each case will be the same, thus 
resulting in perfect relevance among all the cases (Sneath 
and Sokal 1973:181)  Furthermore, as discussed below, the 
matrix will be positive semi-definite, and thus amenable to 
further transformation, scaling, or ordination.  The practical 
disadvantage of listwise deletion is that only cases for which 
all attributes are coded or codable can be included, meaning 
that artifacts which are only marginally incomplete are 
treated the same as severely broken or fragmentary ones.  
Given the nature of tool use-life and archaeological 
deposition, slightly broken artifacts tend to be the rule rather 
than the exception, and their deletion will leave few cases 
left to cluster.  Furthermore, the ones that are left may not be 
representative of the population as a whole, due to non-
random breaking patterns.   
 
"Pairwise" treatment of missing values consists of simply not 
comparing the missing attribute on any couplet of OTUs for 
which the attribute is missing on one or both.  Elimination is 
pairwise when two cases are compared only on those pairs of 
attributes for which real values are coded.  Thus artifacts 
with missing values may be included, up to a threshold of 
relevance   When two artifacts are compared on the basis of 
an identical set of n attributes, then that comparison is 
completely relevant.  Should each artifact, because of 
missing values, only be represented by 0.5n attributes, and 
should there be no overlap between the sets, then the 
resemblance coefficient would be completely irrelevant and 
meaningless.  The question is: how many shared attributes 
are necessary if the comparison represented by the similarity 
coefficient is to be an accurate reflection of the true 
similarity between the two artifacts?  Sneath and Sokal 
(1971:180-181) suggest that even 50% shared attributes 
gives a similarity coefficient that will result in clusters that 
are significantly correlated to clusters derived from perfectly 
relevant comparisons. 
 

The Positive Semi-definite Matrix 
When missing values are included in the calculation of the 
similarity coefficient, the matrix produced may lack the 
mathematical property of positive semi-definition (Gower 
1971:865).  This is a statement of the order within the matrix, 
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related to the transitive logical statement a=b and b=c 
therefore a=c.  In the case of a similarity matrix, if Gower's 
coefficient for artifacts a and b (SGab)=0.9 and SGbc=0.9, 
then the potential range of SGac is necessarily constrained.  
Hence, each cell in a similarity matrix is not independent.  
Consider the example of a hypothetical set of three cases and 
thirty attributes, a different 15 of which are missing on each 
case.  Artifact a is described by attributes 1 to 15, artifact b 
by attributes 10 to 25, and artifact c by attributes 1, and 17 to 
30.  SGab and SGbc are based on a different subset of the 
possible attributes: the pairwise comparison actually involves 
only 5 and 8 attributes in common, respectively.  The 
predicted possible range of SGac, based on the ab and bc 
relationship, is therefore illogical, and the actual SGac 
(based on a single common attribute) is guaranteed to be 
misleading.  The fusion algorithm itself may make use of the 
positive semi-definite nature of the matrix in its calculations, 
and be misled in its clustering solution.  Or, the fusion 
algorithm will join pairs based on these illogically derived 
coefficients of similarity. 
 
A positive semi-definite matrix is crucially important when 
the matrix is scaled or transformed as part of a principal 
components or factor analysis (Gower 1971).  Matrices used 
in such analyses cannot be based on data sets with missing 
values deleted pairwise, because the algebraic 
transformations will distort and magnify the loss of order 
caused by a lack of semi-definition.  However, simple 
hierarchical agglomerative clustering, in which a matrix is 
manipulated only arithmetically, is relatively immune to this 
kind of distortion.  The work reported in Sneath and Sokal 
(1973:181) regarding relevance has tested for this problem.  
A high correlation between clustering solutions based on 
complete relevance and those with up to 50% missing values 
suggests that, mathematical support aside, pairwise deletion 
of some missing values can be shown empirically to have 
little effect on the clustering solution. 
 
The simple choice was between rejecting a majority of the 
artifacts or forgoing algebraic transformations of the matrix.  
Given the nature of the artifacts, and the purpose of the 
taxometric approach as applied in this research, it was 
decided to allow pairwise deletion of missing attributes.  The 
threshold at which a case was deleted was set conservatively 
at five missing of the forty-one attributes which initially 
entered the cluster analysis.  This gives a possible range of 
relevance from 0.88 to 1.00, according to the simple formula 
(divide the number of missing values by the number of 
missing and valid comparisons, between the two objects 
being compared) suggested by Sneath and Sokal (1973:181).  
The predicted Pearson product-moment correlation 
coefficient, r, between clustering solutions for this level of 
relevance, were one repeatedly to run the algorithm with 
missing values randomly redistributed through the matrix, is 
in excess of 0.98, according to the results published by 
Sneath and Sokal (1973:181).  Pearson's r is interpreted on a 
scale of -1 (inverse correlation) through 0.0 (no correlation) 
to 1.0 (complete correlation).   
Pairwise deletion of missing values is not the usual 
procedure in cluster analysis, and is not available as an 

option in the commercial statistical packages examined.  It 
was used in this study because it is believed to be a superior, 
more inclusive technique when many objects are slightly 
broken.  As long as one is aware of the limitations imposed 
on the matrix by the loss of positive semi-definition there 
appears to be no reason not to delete pairwise.   
 

Validation 
A dendrogram is the only practical way to assess a large 
matrix of similarities without an algebraic reduction in 
attribute space, a reduction impossible because of the 
pairwise deletion of missing values.  Unfortunately, because 
it represents a multidimensional space in two dimensions, 
and because of the usual distortions (chaining, rounding 
error) associated with the clustering algorithms, there is often 
a discrepancy between the resemblance coefficient and 
dendrogram levels of similarity at which two units fuse 
(Sokal 1965:113).  The usual method of measuring this 
discrepancy is with the Cophenetic Correlation Coefficient 
(CPCC), an intimidating name that disguises a familiar 
statistic (Pearson's r) in a readily understandable application 
(see Romesburg 1984).  Simply put, a matrix of actual fusion 
levels, defined as the similarity level at which two objects are 
actually joined by lines on the dendrogram, is calculated.  
This matrix and the original matrix are then "unstrung" into a 
series of similarity coefficients, each stage of which 
correspond to the same cell intercept.  The two ordered 
strings of coefficients are then compared using Pearson's r, 
which is the CPCC.  Values approaching 1.0 demonstrate 
that distortion caused by the dendrogram is minimal.  
Unfortunately, the CPCC has three limitations.  It is 
inherently biased in favour of averaging methods 
(Aldenderfer 1981:62), there is no logically derived 
threshold level at which r is significant, and it is not an 
option in any available commercial statistical package.  
Regrettably, its calculation was not possible. 
 
Other methods of validation are suggested by Aldenderfer 
(1981).  However, these all have biases equal to or greater 
than, the CPCC.  For example, Mojena's stopping rule is said 
by Aldenderfer (1981:64) to be biased towards the complete 
and Ward clustering algorithms.  Others, such as plotting 
discriminant function scores, effectively place the burden of 
validation on another procedure, which complicates the 
problem without solving it.  Given the exploratory nature of 
the exercise it was decided that a simple intuitive method of 
validation was appropriate.  Clusters will be validated if they 
can be demonstrated to have cultural or archaeological 
meaning, external to the procedure that produced them. 
 

CONCLUSIONS  
 
In summary, it was decided that a hierarchical, non-
overlapping, agglomerative clustering approach was a useful 
method for mathematically describing the similarity 
relationships among the artifacts.  Gower's General 
Coefficient of Similarity, calculated allowing the pairwise 
deletion of missing values, was chosen as the most 
appropriate way of building a resemblance matrix.  Average 
linkage was chosen as the most appropriate clustering 
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algorithm, although complete linkage is also thought to be a 
useful option. 
 
Once defined, the operational clusters can then be used in 
several ways, depending on the research goal (which has 
been well defined from the outset).  Romesburg (1984) 
emphasizes that a cluster analysis must match the research 
goal.  Research goals well suited for cluster analysis include: 
 
1.  Creating well formulated questions based on the cluster 
results, questions which might then be better answered by 
some other approach to the data, or by gathering different 
data.  In other words, an exploratory or "heuristic" approach. 
 
2.  Creating a hypothesis by retroduction, after the detection 
of surprising or anomalous results from a cluster procedure.  
The null hypothesis would be negated by the results already 
gained.  The crucial point is, the hypothesis must be 
falsifiable on the basis of similarities or dissimilarities 
between objects, and not merely be a post hoc 
rationalization.   
 

 
 
3.  To test an already formulated hypothesis in the so-called 
hypothetico-deductive method.  In this kind of application, 
the form of the tree (object relationships and group 
memberships) must be predictable.  If it were not predictable, 
there would be no criteria for rejecting the null hypothesis.   
 
4.  To create a classification of units on the basis of their 
attributes, or vice versa; this classification being either 
general use for other researchers, or specifically directed 
towards a purpose or question.  The goal is taxonomic, to 
identify and describe logical structure within the variation at 
hand. 
 
In the following chapters, cluster analysis will be used in 
pursuit of the last goal, but the first, that of identifying better 
analytic procedures, will always be kept in mind. 
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Chapter 6 
 

RESULTS OF THE CLUSTERING PROCEDURES 
 

INTRODUCTION 
 
A cluster-derived classification is either "special purpose" or 
"general purpose", but is never "all purpose" (Romesburg 
1984).  A general purpose classification is used generically 
as a research aid (perhaps to help formulate new questions or 
simply to help organize one's thoughts) while a special 
purpose classification is used to help solve a particular 
research problem.  The basic method and theory of numerical 
taxonomy and cluster analysis was reviewed in the preceding 
chapter.  This chapter discusses the results of applying 
various taxometric techniques to the study collection data, 
with the intent of creating both general and special purpose 
classifications. 
 
Cluster analysis is only problematic for archaeological 
classification if the procedure and results are not discussed in 
full.  Most criticisms of it have come from misinterpretations 
of the potential scope or utility of derived clusters, as 
exemplified by Christenson and Read's (1977) influential 
paper (Hodson 1982:23-24, Aldenderfer 1981).  However, as 
in any statistical procedure, real difficulties and pitfalls do 
exist.  Among these, which the current study recognizes and 
will attempt to minimize, are: 
 
1. By itself, cluster analysis does not define a set of classes: 
the results of a clustering procedure are usually expressed as 
a hierarchical series of clusters.  The decision on where (or 
if) to cut a dendrogram, which simultaneously delimits the 
operational clusters, is external to the clustering procedure, 
and often has subjective elements.  2. Being defined on the 
basis of a large number of attributes means that extremely 
strong univariate or bivariate patterns may be swamped by 
the overlay of many other, poorly correlated attributes.  3. 
The dendrogram is very strongly influenced by the choice of 
resemblance coefficient and clustering algorithm, meaning 
that the same data can be manipulated into markedly 
different results, depending on the procedure followed.   
 
For the last reason, it is crucially important to discuss fully 
all the decisions taken, and the assumptions involved, so that 
the reader is able to see the genesis of any cluster.  
Romesburg's advice has been taken to heart: 

Some of these [reporting] steps will be 
difficult because they are subjective.  You 
may feel that a given decision was the best 
one, but you may not be able to tell 
yourself or your audience why.  Do the 
best you can, however (Romesburg 
1984:195). 

PROCEDURE I. GENERAL PURPOSE 
TAXOMETRIC CLASSIFICATION 

 
Attribute selection and manipulation 

As discussed in the preceding chapter, the greater the number 
of attributes employed in a cluster analysis, the better a given 
classification is likely to be.  While this argues for the 
inclusion of many attributes, it does not argue for a blindly 
inclusive approach.  Given that an all-purpose classification 
is impossible (Dunnell 1986:190), all classifications must be 
directed to a purpose (remembering that one such purpose is 
"general purpose"), and it is preferable to be explicit about 
that purpose from the outset.  It follows, then, that selection 
of the attributes for that classification must be made with the 
purpose in mind.  If the purpose of the classification is to 
disclose phenetic relationships then attributes which record 
non-morphological information are irrelevant, if not 
misleading.  Attributes which coded for time, space and 
archaeological context were therefore removed prior to 
commencing the cluster analysis.  Since the purpose was to 
create a general classification to help generate questions, as 
suggested by Romesburg (1984), spatial and temporal 
attributes which do not code morphological information are 
inappropriate for creation of a resemblance matrix.  These 
can be incorporated in the special purpose typologies, 
derived from or with the aid of, the general purpose 
classification. 
 
Other attributes were modified or discarded according to 
their appropriateness for a pairwise comparative process.  
Some attributes (such as XSL, XSR) were originally coded 
as "left" and "right," "front" and "back," based on standard 
artifact orientation relative to the skew of the bevel.  
However, not all the artifacts were able to be fully oriented 
because they had symmetrical bevels.  For these, the side and 
face designations were arbitrary.  This makes these attributes 
unsuitable for a pairwise comparison because a coding of 
(1,2) and (2,1) would score a perfect mismatch, illogical if 
one or both were arbitrary as to side.  Thus, a recoding and 
collapse of the sided variables was performed.  In addition, 
some unordered, qualitative, multistate attributes contained 
large numbers of slightly represented characters.  These were 
lumped into "other" categories, in order to increase the 
balance between category membership.  Finally, some 
attributes, such as body grooving (GRV), were present on so 
few artifacts as to be useless for discrimination.  These were 
discarded for this phase of research; their value lies in more 
specific lines of inquiry. 
 
Some other variables were recoded in order to make them 
more suitable for morphological comparison.  For example, 
sawn sides were originally coded into eight categories, with 
the intention of using the subtlety of information gained for a 
manufacturing stage study.  For a morphological study, it 
was felt that the many mismatches which would inevitably 
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result would be unrealistic.  The difference between "one 
sawn side, fracture ridge smoothed" and "one sawn side, 
fracture ridge coarse" is not great enough to warrant a score 
of zero, especially if a mismatch would also be scored when 
comparing the latter with "no sawn sides."  These recodings 
are noted in the variable definitions (Appendix 1). 
 
865 celts were included in the analysis.  These were 
described using 40 attributes, 19 quantitative (LCL, LMX, 
WPO, WMX, WBI, WVC, TMX, TPO, TVC, VAP, BAC, 
GRM, DAC, FRT, LWR, LTR, WWR, WTR, TTR) and 21 
qualitative (VTN, VAS, SSD, SLX, STX, XSS, PSP, PCC, 
PLX, BSP, VLX, VTX, BCB, SAW. FPF, SPF UPO, RAW, 
FIN, VBF, QMF).  No more than five (12%) of the attributes 
were allowed to be missing due to breakage for any artifact, 
in accordance with the "relevance" criteria discussed in the 
previous chapter.  Artifacts were compared using Gower's 
Coefficient of Similarity.  The resemblance matrix was 
stored in triangular form, then loaded into SPSS-X and 
procedure CLUSTER was run, using average linkage.  
 

Results and discussion 
A hierarchical dendrogram was produced by the clustering 
algorithm and printed, spanning 21 pages.  No obvious 
clusters were apparent in the dendrogram, a sample of which 
was reproduced in Mackie (1992:fig 6.1).  While some 
artifacts that were subjectively quite similar were joined, 
they fused at a low level of similarity.  Large numbers of 
these artifacts were then linked into macro-clusters, which 
subsequently fused to each other at high levels of similarity.  
The dendrogram suggested that the group averages were 
more alike than any objects within the groups were to each 
other.  This implies that the group averages are convergent, 
which would not be the case if there were well defined 
clusters.  The clusters did not meet a subjective test of 
internal cohesion and external isolation (Cowgill 1982).   
 
This apparent lack of structure was a surprise.  It is not 
difficult subjectively to group dozens of similar celts 
together.  Furthermore, celts "should" fall into definable 
classes: the great range in size and shape means different 
functions can be assumed, the control over shape inherent in 
the grinding technique means shape is not arbitrary, and the 
constraints imposed by the haft should impose some 
standardization. 
 
In any procedure of this nature there is feedback between 
subjectivity and objectivity.  This is desirable, as it prevents 
tidy, but obviously wrong, solutions from being accepted.  
However, the feedback process must be controlled so there is 
no suggestion of deliberate manipulation to achieve desired 
results.  The starting point to explain this surprising result is 
to explore possible flaws in the clustering methodology. 
 
PROCEDURE II. RECOGNITION OF 

PROCEDURAL FLAWS 
 

Attribute selection and manipulation 
One possible flaw was the way in which Gower's coefficient 
standardized the scale of the quantitative variables.  Since 

many of the metric variables have frequency distributions 
that approximate the log-normal distribution (skewed to the 
left, with long rightward tails), the range is very large 
relative to the measures of central tendency, and the median 
and mean are substantially different.  The range, in the case 
of a few outliers, is a very poor measure of distribution.  In 
calculating a correlation coefficient using range 
standardization, the distribution of correlation coefficients 
tends to reflect the metric dimensions being compared.  With 
a long-tailed distribution, there is a lot of "empty space", and 
the similarity of those in the midspread of the cases is 
distorted by the outliers, so that two central cases appear 
relatively more similar to each other.  Furthermore, by 
compressing the similarities, a distorted scale between the 
qualitative and the quantitative variables is created.  In effect, 
the former, which can score only as 0 or 1, carry greater 
weight than a series of quantitative variables scoring between 
0.4 and 0.6.  Three remedies are possible. 
 
The first is to alter the way in which Gower's coefficient 
welds together the three scales of measurement into a single 
coefficient of similarity.  Romesburg (1984:172-176) 
describes the creation of a "combined resemblance matrix" 
similar to Gower's Coefficient.  Calculation of this involves 
weighting one or another scale of measurements so it makes 
a greater contribution to the combined coefficient.  In a strict 
sense, this contradicts Principle 2 of numerical taxonomy, 
that all characters are of equal weight (Sneath and Sokal 
1973:6).   Tilting the equation in favour of the quantitative 
variables would require more justification than the simple 
recognition that there is a problem with the produced 
clusters.  External reasons would have to be given for the 
assigned weights, and no such reasons exist.   
 
The second is to apply another kind of standardization 
altogether, such as division into the standard deviation.  This 
was rejected for three reasons.   One, it would effectively 
mean one was formulating a new coefficient of similarity, 
without the benefit of statistical expertise.  Two, there is no 
reason to believe that it would produce any better results.  
Three, the standardization must produce values between zero 
and one to be comparable with the qualitative attributes, 
which eliminates most popular standardizing techniques. 
 
The third remedy is to manipulate or transform the 
distribution of cases within the data, followed by range-
standardization.  This method was selected.  There were two 
possibilities within this option.  The first was to trim the 
upper end of the range by assigning all cases above a certain 
threshold to a "greater than" category.  This was rejected, 
because it would create a group of large celts that would 
produce consistently perfect matches on the metric attributes, 
by virtue of being large in all dimensions, even though their 
internal variability in size and shape would still be very 
great.  The chosen method is to transform the scores on the 
skewed distributions into their base 10 logarithms.  This 
reduces the effect of the outliers, while retaining the full set 
of relationships in the frequency distribution.  Logarithmic 
column transformation of variables in cluster analysis is 
extremely uncommon, but poses no methodological 
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problems (Romesburg 1984:91).  It is not often used because 
there is usually no need to normalize a frequency 
distribution, cluster analysis being a non-parametric 
descriptive statistic. 
 
The same selection of 40 attributes was used as in Procedure 
I. In addition, both average and complete linkage methods 
were used to see if complete linkage, known to produce 
extremely spherical cluster cores, could force even small 
clusters that appeared real.   
 

Results and discussion 
It was hoped that reduction of the range effect, coupled with 
the use of complete linkage, would isolate clusters.  Initial 
assessment of the dendrograms showed some strong, well 
defined clusters of artifacts, while other artifacts floated in 
the gaps between these clusters.  When the artifacts were 
matched with their place on the dendrogram, however, it was 
found that even the strong clusters made no sense intuitively.  
Most of this subjective reaction was to the pairing of large 
and small artifacts, when it was apparent that there were 
many closer in size, and quality, to fuse with.  This 
surprising result, evident in both the complete (Mackie 
1992:fig 6.2) and average (Mackie 1992:fig 6.3) linkage 
dendrograms, can be most readily explained by an 
overcompensation against size because of the logarithmic 
transformation.  Differences of 30 mm, for example, were 
minimized in the central part of the distribution because the 
range was compressed.  The frequency distribution of most 
of the variables was more resistant to logarithmic 
normalization than expected, and so still contained outliers.  
These outliers had a substantial effect, keeping the central 
part of the distribution more compressed than ever, and so 
size differences were trivialized while shape differences were 
emphasized.  Logarithmic transformation of metric columns, 
a logical attempt at overcoming a perceived weakness of 
Gower's Coefficient, was a failure. 
 

Discussion of the Attempt at General Purpose 
Classification 

This mathematical attempt to produce meaningful, 
descriptive, general-purpose clusters based on all 
morphological attributes was unsuccessful.  The impression 
was gained of a dataset with very little inherent structure.  
Because of the nature of the resemblance matrix (non 
positive semi-definite, based on some qualitative attributes), 
logical steps one could take to confirm the lack of structure 
were made impossible.  K-means clustering, scaling and 
ordination methods were thus not applied.  (In any case, 
generally speaking, these methods require some sort of group 
membership as an input).  There is no way, other than 
repeated failure, to show that no clusters exist in a given 
dataset.  It was decided that the best approach at this stage 
would be to change the goal of the typology, and limit the 
inclusion of attributes to those which are demonstrably 
relevant to a particular purpose.  The most obvious of these 
are functionally related attributes. 

PROCEDURE III. SPECIAL PURPOSE 
CLASSIFICATION 

 
Attribute selection and manipulation 

Having failed to discover plausible types based on the entire 
set of descriptive attributes, it was decided to select attributes 
with functional significance, and cluster objects based on 
these.  Functional attributes were chosen because of 
suspicion that (a) these artifacts are highly constrained by the 
need for them to function well; (b) there appear to be few 
deliberate stylistic attributes; and, (c) there is sufficient prior 
research and ethnographic material to suggest a defensible 
set of attributes.  Therefore, if any special purpose clustering 
procedure is productive, it is likely to be based on functional 
attributes. 
 
The following eleven functional attributes were chosen. 
 
1.  VAP: Primary Bevel Angle.  Dickson (1981) has 
demonstrated that the primary bevel angle is critical in 
separating different functions for Australian stone axes.  
Admittedly, these have a somewhat different form and use-
profile than the study collection artifacts. 
 
2.  VBF: Degree of bevel skew, or symmetry.  This is an 
obvious feature of the celts which appears to have some 
relation to function.  Best (1977) has experimentally 
demonstrated that degree of bevel skew (the continuum 
between symmetrical bifacial bevelling and unifacial 
bevelling) is a major functional constraint for Maori adzes.  
It is noted by at least one ethnographer, Twana chisels were 
unilaterally (unifacially) bevelled (Elmendorf 1960:177).  
Also, at least one study area celt typology (Burley 1989) is 
based on bevel skew. 
 
3.  UPO: Poll battering.  No ethnographic references support 
the inclusion of this attribute, but it is a reasonably 
unambiguous indicator of whether the celt was ever used 
unhafted, with little or no poll protection.  The precise 
function implied is not clear, but it is reasonable to assume 
that either a chiselling or wedging action is most likely.   
 
4.  LCL: Length along the centre line.  Length is a good 
indicator of overall size, which is a functional constraint: 
gross differences in length must have implication for 
function or hafting method.  Very long ones are unlikely to 
be hafted in antler sleeves, for example, as too much 
unsupported blade would increase the likelihood of a 
transverse snap, as indicated in other tool classes (e.g., 
Grimes and Grimes 1985). 
 
5.  WVC: Width at the bevel chin.  Width at the bit has been 
shown to be a good functional discriminator by O'Hare 
(1990) for Italian Neolithic groundstone celts.  Width at the 
bevel chin is used in this study because it is very highly 
correlated with the width at the bit, but is more frequently an 
intact dimension.  It is also likely to be constrained by 
hafting method. 
 
6.  WPO: Width at the poll.  This attribute was chosen 
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because the frequency histogram of all poll widths shows an 
apparent preference for a narrow range of widths, from 25 to 
35 millimetres.  This might indicate some constraints 
imposed by hafting method, in particular, by antler sleeve 
hafts which might have had functional significance. 
 
7.  TVC: Thickness at the bevel chin.  This attribute was 
included under the assumption that the robustness of a 
crucial use-stressed area must be of some functional 
relevance.  Also, it was desired to have the three main 
dimensions represented in the functional analysis. 
 
8.  VAS: Secondary bevel angle.  The presence of a faceted 
bit margin alters the actual cutting edge angle and affects the 
strength of the  edge.  Both of these are likely functional 
attributes. 
 
9.  BSP: Bit shape in plan.  Whether a celt has a straight and 
square bit or a deeply curved bit is a likely functional 
attribute (Best 1977; O'Hare 1990; Arcas Associates 1986b).  
Again, it is difficult to assume what function would be 
implied, and there is no ethnographic information. 
 
10. LWR: Length to width ratio.  Long bar-shaped celts 
probably had a different use profile than flat, tabular ones.  
This proportion was chosen because it gives a good indicator 
of shape.   
 
11. WTR:  Width to thickness ratio.  This was chosen for the 
same reasons as LWR. 
 

Results and discussion of the special purpose 
procedure 

The sample size for the functionally motivated clustering 
procedure was 864.  Two (16%) missing attributes per 
comparison were allowed.  A resemblance matrix was 
calculated using Gower's coefficient, and dendrograms were 
produced using both average (Mackie 1992: fig 6.4)  and 
complete (Mackie 1992:fig 6.5) linkage.  Both dendrograms, 
but particularly the latter, contained obvious, discrete 
clusters.  However, when these clusters were isolated, and 
the internal variation checked, an unsuspected lack of 
internal homogeneity was noted.  Puzzlingly, there appeared 
to be duplicate clusters: large, subjectively cohesive clusters 
seemed to have become subdivided into two or more 
subclusters, which fused at a fairly low level of similarity.  
When cluster membership was broken down attribute by 
attribute, it was immediately clear what the problem was: the 
three qualitative attributes almost exclusively determined the 
cluster memberships.  Thus, a fairly homogeneous cluster in 
terms of quantitative attributes was broken down into 
subclusters based on presence or absence of a qualitative 
attribute.  The inferred way in which this happens is as 
follows. 
 
If there is a fairly poorly defined structure amongst the 
quantitative variables, then Gower's coefficient will 
effectively grade smoothly across its range.  The presence of 
a few radical outliers on most of the metric dimensions 
exacerbates this feature, by compressing the values of SG 

into a narrow range.  Most celts will score somewhere 
around the higher levels of similarity on an attribute by 
attribute basis.  Only those celts with a metric score close to 
a range limit will score as dissimilar to other celts more 
medially placed on that attribute.  Thus, when there are two 
or three attributes which must score as either 0 or 1, it is easy 
to see that they will have an undue influence upon the 
summary SG for each celt.  This would not be a problem if 
there were strong metrically defined clusters, which would 
resist the swaying effect of the qualitative scores.  With no 
such robust clusters present, the clusters accrete around the 
qualitative 0 and 1 scores.   
 

FURTHER ATTEMPTS TO 
DISCOVER CLUSTERS 

 
As a further check on the apparent lack of inherent clusters in 
the dataset, the non-functional attributes (those used in the 
general purpose clustering procedure minus the functional 
attributes) were used to describe the artifacts to be clustered, 
using average (Mackie 1992:fig 6.6) and complete linkage 
algorithms.  The dendrograms produced showed no well 
defined clusters, but rather a homogenous collection of "long 
stalks" joined at varying degrees of similarity.   
 
Finally, it was decided, with much regret considering the 
labour invested in operationalizing Gower's coefficient, to 
use a different resemblance coefficient.  A discrete group of 
metric attributes (LCL, WVC, WPO, TVC, TPO, VAP, 
GRM, BAC, LWR, WTR) and one ranked qualitative 
attribute (VBF) were chosen.  The last was treated as 
quantitative for this procedure.  A conservative clustering 
procedure from SPSS-X was run, using only these attributes.  
The resemblance matrix was calculated using Euclidean 
distance and a dendrogram was created using the average 
(Mackie 1992:fig 6.6), and complete methods.  No artifacts 
with missing values were accepted, and so sample size was 
slightly reduced, to 757.  The resulting dendrograms showed 
only weak clusters, except for small groups of two or several 
artifacts which cluster tightly.  Placement of the artifacts in 
the order suggested by the dendrogram showed that "like was 
placed with like," but that there were no clear divisions 
between the groups.  This is important because it showed that 
the algorithm worked, but that the clusters had very "fuzzy" 
sides.  Thus, an independent, "tried and true" procedure 
produced results essentially similar to those of the less 
familiar approach using Gower's coefficient. 
 

CONCLUSIONS 
 
Repeated failures to isolate clusters using a variety of 
procedures is not proof that no clusters exist.  It does, 
however, strongly suggest there is at most a weak structure to 
the data.  
 
The combined results indicate that Gower's coefficient is 
unsuitable for analysis of datasets which have poorly defined 
metric clusters.  In an indirect way, by illustrating the 
disproportionate influence some qualitative variables had, 
Gower's coefficient helped identify the weak cluster 
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structure.   
 
It is this malleable behaviour of the resemblance matrix 
under changing subsets of attributes, as much as the actual 
lack of strong clusters, which pointed the way to a new 
question: what could account for a lack of clear clustering in 
a functionally constrained, deliberately shaped artifact class?  
This is discussed at length in the following chapter. 
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Chapter 7 
 

BACKGROUND TO TOOL USE-LIFE HISTORIES 
 

INTRODUCTION 
 
The previous chapters reveal the lack of success in finding 
coherent groups of objects using cluster analysis.  However, 
celts appear to be a class of artifacts amenable to the 
formation of types: they are tightly constrained functionally, 
they are made with a highly controllable manufacturing 
technology, and as mainly hafted tools, they should be 
subjected to standardization pressure (see, for example, 
Grimes and Grimes 1985:40; Jeske 1989:36-37).  The lack of 
success in isolating "emic" types is rather surprising, so it is 
worthwhile to speculate about what might act against the 
discovery or existence of discrete types within the study 
collection. 
 
The first possibility is that there are no types, or, rather, there 
is one large type to which all members of the study collection 
belong.  This is unlikely.  The obvious control that slow 
grinding gives over shaping, the careful shaping of some 
specimens, and the time necessary for finding and shaping 
the rare and intractable raw material, suggest that these were 
not expediently made, carelessly formed or readily discarded 
tools.  The observed variation cannot be due to sloppy 
manufacture of a single group of functional and stylistic 
equivalents.  Supposing there were only one type, then huge 
deviations from the ideal form must have been permitted to 
create the observed range of variation.  For example, the 
largest celt is 320 times the weight of the smallest, the edge 
angle varies from 20 to 90 degrees, the bevel chins are 
shaped in six distinct ways, and so on.  So there are likely 
some meaningful distinctions between some artifacts, yet this 
was not tidily exposed by the cluster analysis.   
 
This introduces the second possibility: that inherent types 
exist, and await discovery, but were not found because of 
inadequate methodology.  For example, the cluster methods 
may have been inappropriate, the attributes chosen may have 
been inessential or poorly coded, or the subjective cluster 
identification may have been badly thought out.  The null 
hypothesis of "no types" can never be proven, only falsified 
by the discovery and explanation of types.  The pliable 
resemblance matrix, able to be dominated by a few 
dichotomous variables, also argues against there being 
undiscovered robust types.  The comprehensive, rigorous 
application of hierarchical cluster analysis failed to do this, 
and this result of low or no typological structure is probably 
real.   
 
Incidentally, had the study collection encompassed all 
cultural areas of the Northwest coast, it is very likely that 
several distinct types would have been exposed, one of 
which would be "tabular nephrite celts made by sawing, 
flaking and grinding", found mainly from the Coast Salish 
area.  Other types might have been flaked and ground round-
sided greenstone celts (mostly central coast), ground and 

flaked modified beach pebbles (largely from the Nootkan 
area), and massive, heavy-duty celts, some  with hafting 
grooves (mainly north coast).  In other words, there is more 
diversity and distinction of celt types on a coast-wide scale 
than within any one area.  The vast majority of the Coast 
Salish celts would be classified in a single major type if the 
scope of the project had been broader, in which case the 
cluster methodology may well have been successful. 
 
The third possibility, that some systematic process has acted 
on the study collection to reduce typological structure, is 
discussed in the following sections. 
 
ARCHAEOLOGICAL SYSTEMATICS 

AND HUMAN BEHAVIOR 
 
In the background chapter on archaeological systematics it 
was noted that most explanations of typological variation 
were functional and stylistic.  The recognition of types is the 
recognition of standardization of form: the degree of 
typological structure reflects the degree of standardization.  
Whether the standardization results from functional 
constraint or stylistic choice, it is often explained as the 
result of intentional patterned behavior: 

The idea of the proper form of an object 
exists in the mind of the maker, and when 
this idea is expressed in tangible form in 
raw material, an artifact results.  The idea 
is the mental template from which the 
craftsman makes the object.  The form of 
an artifact is a close approximation of this 
template, and variations in a group of 
similar objects reflect variation in the ideas 
which produce them (Deetz 1967:45-46).  

But, the shape of an artifact does not solely depend on the 
greater or lesser degree of achievement of the mental 
template, although this may well be an important determinant 
of typological structure.  Recently, some interest has 
centered on the causes of variability between artifacts within 
a class.  These can be other than representation of the degree 
of achievement of an ideal, or an inevitable result of relative 
control over the manufacturing process (Deetz 1967:48-49).  
Broader cultural behavior realms can produce non-stylistic, 
non-functional variability within an artifact class as an 
unintentional byproduct: 

Human behavior clearly does not consist 
only of the production of finished objects 
with stylistic or functional significance.  
This is especially true with lithic materials, 
which can be remodified continuously and 
repeatedly . . . (Rolland and Dibble 
1990:482). 
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Variability within flaked stone artifact classes has been 
demonstrated to be a side-effect of breakage and repair 
processes (e.g., Towner and Warburton 1990); of routine 
maintenance and resharpening of dulled tools (e.g., Dibble 
1988); of initial blank morphology (Kuhn 1992); of 
thriftiness and economy of use of scarce raw material (e.g., 
Rolland 1981); or of some combination of these and other 
cultural processes (e.g., Rolland and Dibble 1990).  Flaked 
stone artifacts often fossilize a manufacturing and use-life, 
whereas resharpening events in ground stone tend not to 
leave cumulative traces on the body of the tool.   
 
The observed morphology of a single archaeological artifact 
is the result of many factors, including: 
 
(a)  The actual form when new, i.e., the ideal functional and 
stylistic form, subverted by the constraints of skill, technique 
and material. 
 
(b)  The initial form idiosyncratically (but, at a group level, 
predictably) altered by the exigencies of the tool's use-life.  
The use life is a continuous process, the intensity and length 
of which is determined by such factors as the "value" of the 
tool, the quality of the raw material, and the tasks to which 
the tool is put. 
 
(c)  The active use-life ends when the tool permanently 
enters the archaeological record, but deterioration in the 
ground will also influence the morphology. 
 
Obviously, no single typology can adequately describe the 
variable results of these "behavioral pathways" (Schiffer 
1987): 

The goal of archaeology is not to account 
for the typologically defined contrasts 
between assemblages, but to gain insight 
into the behavior of prehistoric hominids 
(Kuhn 1992:126). 

Typology can aid in reconstructing dynamic processes of 
prehistoric behavior, but it can also hinder such 
understanding by imposing static thinking.  This can take the 
form of viewing the units of analysis from a paleontological 
perspective, i.e., as immutable, natural classes (Rolland and 
Dibble 1991:480).  This ignores the behavioral processes 
which give rise to an artifact, govern the conditions of its 
use, and account for its eventual disposal into the 
archaeological record.  Effectively, it is as though 
paleontologists were unaware of ontogeny, ecology or sexual 
dimorphism, and then tried to recreate past environments 
without knowing that eggs hatch, fish swim, or male sealions 
are larger than their female counterparts. 
 
Many of these processes have been abstractly formalized for 
archaeological purposes in Michael Schiffer's (1976, 1987) 
analyses of site formation, or in related attempts to explain 
the frequency of some tool classes within an assemblage 
(e.g., Ammerman and Feldman 1974; Shott 1989).  These 
analyses use the concept of "systemic context" to describe a 

tool's behavioral environment and use-life, and distinguish 
this from "archaeological context" (Schiffer 1987).  Most of 
these studies work with existing artifact types, whereas Coast 
Salishan celts have never been classified into a widely 
accepted typology.  However, one previous life-cycle 
analysis is particularly relevant. 
 
"Flakeshavers" are, like celts, a previously unclassified, 
elongate hafted woodworking tool with use concentrated at 
one end (Grimes and Grimes 1985).  Unlike celts, they are 
made on long flakes selected from lithic debitage, and so 
labour investment and raw material constraints were not 
particularly high (Grimes and Grimes 1985:41).  Two kinds 
of morphological change over the use-history of the 
flakeshaver were inferred. 
 
1.  Gradual morphological change occurred mainly as the 
result of bit attrition through use.  Bit attrition through 
resharpening was not demonstrated, but was considered 
likely (Grimes and Grimes 1985:41). 
 
2.  Episodic morphological change occurred mainly as the 
result of breakage.  Some breaks were terminal, and resulted 
in discard or recycling into other uses.  Other breaks allowed 
retouching to an appropriate shape for use as a flakeshaver to 
continue. 
 
These two kinds of morphological change, and the resultant 
effects on discard process and recycling, are said to be 
influenced by behavioral variables including anticipated 
future needs and replacement costs (Grimes and Grimes 
1985:41-44).  They term this inferred set of situational 
behaviors a "life-cycle model," diagrammed as a flow chart 
(Grimes and Grimes 1985:41,51).   
 
Most important, the effect of tool use-life history on 
typology is explicitly recognized: 

. . . we have refrained from referring to 
flakeshavers as a "type" in the term's usual 
meaning.  What we have described is 
neither [an imposed type], since it is a 
category of presumed cultural significance, 
nor is it a "discovered" type, to the extent 
that the latter implies knowledge of a 
specific mental template.  Instead we 
would suggest that the term "flakeshavers" 
be regarded as a designation for a 
hypothetical behavioral type which we 
define as a set of interrelated technological 
behavioral pathways, intended to fulfill a 
particular need, and their artifactual 
correlates, past and present [emphasis in 
original] (Grimes and Grimes 1985:44). 

The life-cycle model for celts which is presented below and 
in subsequent chapters was independently inferred, but 
shares some key features of Grimes and Grimes' analysis. 



Background to Tool Use-Life Histories 

 41 

USE-LIFE HISTORY OF CELTS   
 
There are two premises of this use-life model for celts which 
must be, and can be, supported by ethnographic and other 
evidence.  These are: 
 
1.  The raw material suitable for ground stone celts had 
value. 
 
2.  Making a celt from suitable raw material added more 
value to the raw material through labour investment.   
 
These premises will be discussed at length in the next 
chapter.  The suggested use-life trajectory of celts will be 
described in the chapter subsequent to that.  For orienting 
purposes, a skeleton of the life-cycle model is as follows. 
 
Through normal use, a celt will become dull and inefficient, 
and regular re-sharpening will be necessary.  At each 
resharpening the celt will change shape and size slightly: it 
will be shorter, and the length to width ratio will be lower.  If 
it tapers from the bit to the poll in either thickness or width, 
these sizes and ratios will also change.  These changes will 
be gradual, but there will also be "sudden," episodic change. 
 
Squared corners break off easily (Olausson 1983); regrinding 
may produce rounded or irregular ones.  If only one corner 
breaks, a symmetrical celt may become asymmetrical.  Major 
breakage, such as a transverse snap or bit-corner destruction, 
is fairly common in the study collection.  Repair of large 
fragments, more likely on the more readily useful bit end, 
will signal a major change in morphology for the celt.  Such 
reuse is probable because of the uncommon, valuable nature 
of the raw material, the labour investment still present in a 
shaped fragment, and the ready uses even fragments could be 
put to.  According to Shott (1989) a tool which is in storage 
awaiting repair to a major break is at increased risk of 
accidental loss.  Eventually, of course, all celts not already 
lost will be exhausted or irreparably broken and discarded.   
 
Thus, I propose the following behavioral model of tool use-
life:  (1) The celts are predominantly made of a rare, 
localized raw material.  (2) Labour investment and time in 
procuring raw material and manufacturing the celts is 
generally high.  (3) A tough raw material and a ground stone 
cutting edge make for an efficient, durable tool.  The 
inherent value of the celts was the utility they represented, 
and this was likely to be maximized by long term use and 
careful curation.  Therefore, they are not a tool likely to be 
discarded or lost. (4) Long term use will have meant repeated 
resharpenings, which gradually and predictably change the 
shape and size of the tool.  (5) The demanding tasks they 
performed over a long use-life will act to increase the 
likelihood of episodic breakage, salvage grinding of which 
will change the shape and size of the tool.  (6) Tools which 
become too worn out or break irreparably may be recycled 
into other tool types, or may have their shape deliberately 
altered (once or periodically) to refresh their utility.  Some 
recycling methods are inferable, and can be checked against 
the study collection data.  (7) At any point in the use cycle, 

but more commonly as the utility of the celt dwindles 
through attrition or disappears through breakage, the tool 
may enter the archaeological record.  Therefore, the study 
collection of archaeological material contains celts from all 
stages of their use-life, but more exhausted ones than "new" 
ones.  (8) The end result is the blurring of any discrete types 
that may have existed when the celts were newly made. 
 
Figures 7.1 and 7.2 schematically illustrate the suggested 
life-cycle for celts of two basic body-plans: the "adze" (flat 
cross section, skewed bevel) and the "chisel" (squarish cross 
section, symmetrical bevel).  Plates 7.1 and 7.2. illustrate 
actual specimens appropriately placed within a use-life cycle. 
 
THE NEED FOR AN EXPERIMENTAL 

PROGRAM 
 
Without direct observation of the life use-history of a celt it 
is impossible to be certain what actual morphological 
changes it will undergo.  An experimental program of 
manufacture, followed by use until exhaustion, would be of 
great benefit in formulating specific propositions which 
could be tested against the archaeological record.  
Experimental programs are common in flaked stone studies, 
in which the manufacturing process is fairly quick (minutes 
per tool), and the expediently produced lithic debitage is 
often the focus of interest (e.g., Magne 1985).  Ground stone 
experiments are much less commonly done for a variety of 
reasons, including the less widespread archaeological 
distribution of ground stone tools, the greater ambiguity of 
the use wear traces, and the absence of debitage and 
reduction stages which enable a full picture of manufacture 
and use to be inferred directly from the archaeological 
record. 
 
Because the beavioural model suggests morphological 
convergence from initial manufacture to discard, a 
significant number of artifacts of various sizes and shapes 
would have to be manufactured.  For the sake of argument, 
presume that 50 ground stone celts would have to be made. 
 
It would be preferable to manufacture these in a traditional 
manner: there may be stresses involved in manufacture that 
change the integrity of the raw material.  Or, intrinsic 
byproducts of traditional manufacture, such as fracture 
ridges, might turn out to be useful hafting aids or otherwise 
affect the use of the tool.  Also, an authentic manufacturing 
program would aid determination of the relative labour 
investment, which has bearing on the use-life of the artifact.  
Manufacture of 50 nephrite celts by traditional means could 
easily occupy 50 full days. 
 
Use-life would have to be monitored from "cradle to grave", 
and the tasks must be realistic.  So, the artifacts would be 
hafted in traditional hafts, used to make traditional products 
in the traditional manner, and periodically resharpened on 
sandstone slabs.  Since each tool might go hours between 
resharpening, and then only be reduced by one or two 
millimetres, it would take days or weeks to exhaust a single 
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celt, and months or years to exhaust the sample.  This is after 
weeks of manufacturing. 

 

Figure 7.1  Suggested use-life cycle for an "adze". 
 

 
 
 

Plate 7.1.  Celts corresponding to figure 7.1. 
Ascending, left to right: DhRs 12:1; DhRx 2:51; DgRs 1:4580; DiRj 13:1; DgRs 1:2303; DhRp 11:660. 
Centre right: DgRw 19:25. 
Lower right, left to right: DjRi Y:2551cs; DgRs 4:21; DR Y:214; DfRu 8:4477. 
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Figure 7.2  Suggested use-life cycle for a "chisel". 
 

 
 
 

Plate 7.2.  Celts corresponding to Figure 7.2.  
Ascending, left to right: DdRu Y:17; DcRv 1:745; DcRt 8:410; DR Y:16; DcRu Y:202; DcRu 2:497; DcRt y:201; 
DgRw 4:3206. 
Right Centre, left to right: DhRx 16:2183; DhRlm Y:1509. 
Right Lower, left to right: DeRt Y 121; DhRlm Y:1294; DcRu Y:34; DdRu 11:2. 
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In the end, one would still be left with questions such as, was 
the celt hafted in an appropriate manner?  Was it used for an 
appropriate task?  Were the mechanics of use appropriate, 
such that wear and breakage are comparable to 
archaeological specimens?   What effect do traditional 
patterns of renewal, loss and discard have on the 
archaeological collection?  Naturally, shortcuts could be 
taken.  But each shortcut (e.g., replication of only a few, or 
of a single type only, diamond saw manufacture, use of an 
automated chopping machine, hiring unskilled labour to do 
the chopping) would reduce the confidence in the results 
obtained.  The use-life of each is idiosyncratic: only in a 
large group do patterns of likely reduction become apparent, 
and only by experimental replication of a significant number 
of celts can these patterns be reproduced 
 
All that is left, then, is predicting in a general way the trend 
of change over the life history of the tool.  Such predictions 
are derived from the behavioral model of use, which itself is 
supported by the scanty ethnographic and experimental 
evidence.  Nevertheless, if the model is an accurate reflection 
of the actual behaviors which produced the observed pattern 
of variation in the study collection, then that variation should 
be consistent with the expected morphological correlates of 
the behavior.  As Grimes and Grimes (1985:42) note when 
facing a similar problem of post hoc deduction: 

. . . we do not predict that our sample will 
precisely match the expectations of our 
model, . . . but rather that the sample will 
generally reflect the behavioral pathways 
we have posited [emphasis in original]. 

 
FUNCTIONAL ALTERNATIVES TO 

CELTS 
 
Before establishing the nature of the raw material and labour 
investment in ground stone celts, and the subsequent use-life 
trajectories, it is worthwhile to note briefly the alternative 
technologies available.  These fall into two general types:  
celts made of flaked stone, and celts ground from some other 
material. 
 
1.  The most common artifact from the Coast Salishan area 
that falls into the former category is the pebble-tool or 
cobble-chopper.  These are water-worn pebbles, usually hand 
sized or somewhat larger, which have had one or several 
large flakes unifacially or occasionally bifacially detached.  
They are widespread (essentially global in distribution), 
common in early assemblages from the coast, and less 
common but present in later ones including those containing 
ground stone celts.  They are presumed to have been used 
unhafted as coarse woodworking tools, but this function is 
not certain.  It is probably safer to term them a multipurpose 
tool, used frequently for working wood.  While their 
temporal, spatial and functional characteristics may overlap 
with ground stone celts, it is difficult to imagine a less 
similar stone tool.  Their raw material - usually an igneous 
rock of medium to fine grain, such as diorite - is readily 

available in almost any streambed, moraine or beach, and 
manufacture takes minutes, at most.  They were probably 
nowhere near as efficient or durable as a ground stone celt.  
They should have a relatively low cost, a low value, and a 
high rate of discard.   
 
Other flaked stone artifacts whose function may overlap 
slightly with ground stone celts are cortex spall tools, 
retouched flakes, pièces esquillées, and other simple types.  
All of these are similar in use-life and functional profile to 
pebble tools. 
 
2.  There are two materials apart from stone which were 
commonly ground into woodworking tools: bone and shell. 
 
Ground bone chisels are a fairly common artifact type in the 
study area (Monks 1973:47).  Their manufacture among the 
Quileute is well described by Densmore (1939).  It is 
apparent that they require some effort to make and store 
(they were soaked in oil when not in use), and that the elk 
bone favoured for their manufacture is not always available.  
On the other hand, this and other bone would be a by-product 
of a subsistence activity, and so the labour investment in 
hunting should not count.  Bone is fairly simple and quick to 
section and grind.  It makes a sharp tool, reasonably durable, 
but probably only useful as a chisel because the tensile forces 
produced in the adze stroke would play against the tendency 
of bone to split.  Bone chisels are an attractive alternative to 
nephrite chisels, particularly in areas with less access to a 
suitable lithic raw material.  They have been replicated and 
found to be effective for angled "chisel" cuts into cedar 
(Arcas Associates 1986b: 126-130). 
 
Ground shell chisels are commonly known from sites on the 
west coast of Vancouver Island (Mitchell 1990) and the 
central coast of British Columbia (Hobler 1990).  The 
preferred shell was the California mussel (Mytilus 
californianus), which requires high energy shore-fronts not 
commonly found in the study area.  They are present at 
several study area sites (Mitchell 1971:143-144), and are 
listed as a distinctive feature of the Locarno Beach culture 
type (Mitchell 1971:57), although Monks (1973:23) tabulates 
their presence among later assemblages.  Mussel shell celts 
have been found to be moderately effective when used as 
chisels in a replication experiment; other applications such as 
adzing were not attempted (Arcas Associates 1986b:130-
132).  In these experiments, each of the 5 mussel shell celts 
broke in less than 20 minutes of use, perhaps because they 
were not soaked in dogfish oil for the requisite two years 
prior to use. Other raw materials overlap only slightly in use 
with ground stone celts.  These include antler and wood 
wedges, and rodent incisor "chisels."  
 
In general, the appropriate value of a tool must be considered 
in relation to labour invested in it, its utility, its cost of 
replacement, and to the labour investment and utility of the 
alternative technologies available.  When metal tools became 
available, they were very quickly adopted; before they were 
available, a variety of options were pursued. 
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Chapter 8 
 

RAW MATERIAL AND MANUFACTURE OF CELTS 
 

INTRODUCTION 
 
This chapter discusses the physical nature of nephrite as a 
raw material for making ground stone tools, and its 
distribution relative to the study area.  It also outlines major 
methods of manufacturing nephrite celts in terms of labour 
investment, time investment, economy of raw material use, 
and the resulting effect upon typological variability in the 
study collection.  It helps support the two premises of the 
use-life model outlined in the preceding chapter, and lays the 
groundwork for the more detailed exposition of life-cycle 
history in the following chapter. 
 

THE SUITABILITY OF THE RAW 
MATERIAL 

 
Mechanical properties of nephrite 

Definition of suitable raw material for manufacturing ground 
stone celts is determined by balancing tradeoffs between the 
manufacturing and maintenance costs with the durability 
benefits.  Calculation of such costs and benefits is cultural or 
situational, but must largely stem from three fundamental 
characteristics of the raw material: hardness, resistance to 
abrasion, and toughness.  
 
Hardness is the resistance a material has to plastic 
deformation or to crushing (Dickson 1981:27).  Leaming 
(1978:7) reports that nephrite can exhibit crushing resistance 
up to 7,759 kg/cm2; another study demonstrated such 
resistance to force of up to 1,115 kg/mm2 (Fraser 1972:48).  
(Presumably these figures should have been expressed as 
pressures: the appropriate conversions are 7.60*108 
Newtons/m2 and 1.09*1010Newtons/m2 respectively).  
These are "crushing strengths . . . greater than steel (Leaming 
1978:7)."  A high resistance to crushing gives the cutting 
edge of a nephrite tool great durability. 
 
Nephrite scores from 5 to over 7 on the Mohs scale, 
depending on the sample and the orientation of the fibers 
(Fraser 1972, Turner 1935, Leaming 1978).  The Mohs scale 
is a slightly misleading measure of hardness because the 
apparent scratch made on the material may actually represent 
a series of broken crystals, and so measures strength of 
crystalline bonding or tenacity (Leaming 1978:7).  Thus 
sandstone and flint are both similar in crushing hardness at 
the crystal level, but the Mohs scale gives a much lower 
value to sandstone because it is friable.  Nevertheless the 
Mohs scale is a useful measure, for abrasion of the bit will 
increase friction and increase the likelihood of bit failure 
(Dickson 1981).  In this regard, the highly polished bits of 
some celts may be worth the extra effort expended because 
polished nephrite has a greater functional hardness 
(resistance to abrasion) than rough nephrite (Leaming 
1978:7).  Polished bits will thus be less likely to be striated 
because they are both smoother (less friction) and harder, so 

durability is enhanced through the extra work of polishing.  
In many of the fibrous nephrite and semi-nephrite specimens 
there is a distinct grain.  Sawing down the grain, leaving end 
grain at the cutting edge and poll, would likely be an 
advantage: sawing is quicker when aligned to the fiber, and 
the end grain itself can be considerably harder (1 to 2 
"Mohs" intervals) than the edge grain (Beck 1981). 
 
Toughness describes the degree to which the crystals of a 
mineral, or the mineral macro-structures, are tenacious 
relative to each other, and is the opposite of brittleness.  In a 
quantitative test of toughness, nephrite required 226,000 
erg/cm2 to fracture, compared to 121,000 erg/cm2 for jadeite 
and only 4,320 erg/cm2 for quartzite (Leaming 1978:5).  
Most descriptions of the toughness of nephrite are not 
quantitative, but all stress the extreme tenacity of the 
material.  For example: 

Nephrite is a very tough rock.  It resists 
breakage to such an extent that it may be 
impossible to take a sample . . . with an 8 
lb. sledge hammer . . .  this is particularly 
true of most rounded stream boulders 
(Leaming 1978:7).   

Nephrite is, in fact, so hard and tough that it has been 
considered as an alternative for jewels in watch movements 
and other precision bearings (Fraser 1972:20).  
 
In microscopic examination the nephrite is seen to consist 
very largely of bundles and sheaves of minute fibres of 
tremolite intergrown in a highly characteristic felt-like 
texture (Holland 1962: 121).  This nephritic fabric is 
responsible for the toughness of nephrite.  It varies through a 
range from actinolitic angular crystals, through partially 
felted semi-nephrite, to fully felted nephrite (Brailsford 
1984; Bradt et al. 1973).  
 

Suitability of nephrite for ground stone tools 
A raw material must be both hard and tough in order to make 
a durable stone tool, but the harder it is the more resistant it 
will be to grinding or pecking, and the tougher it is the more 
difficult it will be to reduce into a standard shape through 
percussion.   For example, it can take 3 times as long to grind 
quartzite registering Mohs hardness 7 than the same amount 
of diorite registering Mohs hardness 6 (Dickson 1981:106-
107, see also Semenov 1964:69).  Many materials are hard 
but brittle, such as flint, which makes flaking of the a 
preform a quick, labour-saving task, but the inherent 
brittleness of the flint increases the likelihood of frequent 
edge chipping and more serious failures, and so maintenance 
time and risk are increased (Olausson 1983).  Or, a material 
may be tough, yet lack hardness or be unresistant to abrasion, 
in which case ease of manufacture is offset by a short life-
span.  Nephrite has an unequalled combination of Mohs 
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hardness, compressive hardness, and tenacity. 
 
1,075 (73.4%) of the celts from the study collection are made 
out of raw material coded as varieties of "nephrite," although 
it is likely that some of the specimens are in fact serpentine 
or semi-nephrite.  A further 158 (10.8%) of the celts are 
made out of unidentified, usually exotic raw material, much 
of which is likely nephrite or serpentine.  Only 231 (15.8%) 
are made of relatively common, identifiable raw materials 
such as slate or porphyry.  Identification of raw material was 
hampered by the various patinas, weatherings, rinds and 
polishes naturally or artificially present on many of the celts, 
and by the various colour and surficial transformations 
inferred to be the result of heat treatment.  For example, 
some of the celts coded as "basalt" may actually be black 
patinated nephrite. 
 

DISTRIBUTION OF NEPHRITE 
RELATIVE TO THE STUDY AREA 

 
The nephrite and serpentine likely came from the only major 
known source within reasonable distance: the lower Fraser 
River, reaches of which are in the extreme eastern edge of 
the study area.  Pebbles, cobbles and boulders, ranging from 
a typical 10 kilograms to an extreme of 10 tonnes, were 
fairly common prior to the 1950s along the 125 miles of the 
Fraser River north of Hope.  Between 1952 and 1962 about 
135,000kg of nephrite boulders were taken from this stretch 
of river, and finds had become much less common (Holland 
1962:119).  Prior to the 1950s there was little interest in the 
mineral, although an oft repeated, unsubstantiated story 
relates that Chinese placer miners during the gold rush 
encountered hundreds of these boulders and shipped them 
home (Holland 1962:120, Leaming 1978:2).  There may be 
some truth in this story as Emmons (1923,Plate IIIa) 
illustrates a large utilized nephrite boulder that was 
discovered by placer miners 12 feet down an alluvial deposit 
near Yale.  
 
Smith reports that "tons" of greenstone boulders were seen 
along the river around Lytton (1899:132).  Petrological 
studies identified this "greenstone" as true nephrite, and in 
some cases, serpentine (Smith 1899:131-132).  These two 
minerals frequently co-occur (Leaming 1978).  Another 
petrological study of four samples from the Lytton area 
determined that they were all nephrite, and differed little in 
composition and properties from nephrites found in Alaska, 
Asia, New Zealand and Switzerland (Harrington 1890).  The 
source was said to be tributary of the Fraser some miles 
above Lytton (Smith 1899:132); several outcroppings of 
nephrite have since been located in the Bridge River valley 
and on the slopes of Shulaps Peak (Holland 1962, Leaming 
1978).  Nephrite is also reported at Spences Bridge on the 
Thompson (Smith 1900:407), although this is likely only 
worked boulders obtained from the Fraser.  While Emmons 
(1923) states that the Thompson-Fraser area is the source of 
all jade on the southern coast, the Thompson River itself 
cannot be confirmed as a nephrite source, although 
Bonaparte Creek (near Cache Creek) has suitable ultramafic 
rock formations (Leaming 1978:20).  The Harrison Lake-

Talc Creek vicinity also has such potential. 
 
Although "greenstone" boulders are reported for the mouth 
of the "Nootsack" (Nooksack) River, on the  Washington 
State coast near Lummi Island (Smith 1900:407), and are 
said by him to be "commonly" distributed in a vaguely 
defined coastal area, Emmons (1923) notes that coastal 
boulders or cobbles are always worked, and presumably 
originate from the interior.  Smith's Nootsack reference is 
one of only two references to nephrite sources on the south 
coast of B.C.  The other is an unconfirmed "jade quarry" near 
Ramsay Arm, Desolation Sound (Barnett 1955:108).   
 
Most early references actually stress the rare and constrained 
nature of the material.  Dawson, for example, states 
unequivocally that the jade implements found in the southern 
interior of B.C. all originate from the Lytton area (1891:18-
19).  Placer mining during the gold rush reportdly uncovered 
hundreds of nephrite boulders in the Lytton-Lillooet area, but 
fewer downstream towards Hope (Emmons 1923).  Nephrite 
cobbles in the Fraser and Coquihalla rivers near Hope are 
present but uncommon, the likely source is Hozameen Fault, 
10 miles upstream on the Coquihalla River; there are also 
reported sources of cobbles at Skihist (Boston Bar area), and 
periodically along the Fraser from Chilliwack (rarely) to 
Lillooet (Leaming 1978:19).  The cobbles decrease in 
average size and frequency from Lillooet downstream 
(Leaming 1978:21).  Occasional nephrite cobbles and 
boulders may have been glacially transported to the coast 
from the mid-Fraser source, but it is very likely they were 
always extremely uncommon anywhere in the study area 
west of the Coquihalla-Fraser confluence.  There are no 
known coastal deposits of ultramafic rock with which 
nephrite is always associated (Leaming 1978:18). Figure 8.1 
shows known deposits of nephrite or ultramafic bodies in 
relation to the study area. 
 

VALUE OF THE CELTS AS 
INDICATED BY TRADE 

 
The presence of nephrite artifacts throughout the study area 
despite the constrained, rare distribution of the raw material 
suggests trade of either raw material or manufactured celts.  
Those coastal groups which historically may have included 
the nephrite bearing areas in their annual round (such as the 
Nanaimo, Cowichan, and Squamish) might have gathered the 
raw material themselves.  Nevertheless, this does not lessen 
the relative value of the material, despite Binford's (1979) 
theory that procurement embedded in the annual round was a 
cost efficiency and thus should result in "cheaper" raw 
material.   
 
Emmons (1923:14) reports that "jade in both the rough and 
finished state was the most valuable article of trade 
possessed by the natives" of the Lytton area.  Teit, however, 
does not include nephrite or celts in a list of items traded to 
the coast by the Lillooet (Teit 1906:232). 
 
Nephrite is more likely to have been traded out of the area of 
relative abundance along established trade routes.  On the 
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whole, these did not pass through the Fraser Canyon, which 
poses obvious difficulties to transport of goods, including 
impassable rapids and trails incorporating cliffside 
scaffolding.  (Traditional trade routes were used by the early 
fur traders, but the location of the fur trade forts probably 
distorted the original patterns).  Some goods, such as canoes, 
were traded upriver, but direct trade routes from the Lillooet 
River area to the coast were more likely to be down Harrison 
Lake to the Fraser, and on to the Delta and trade from the 
Lillooet-Fraser and Seton Lake area was to Squamish, and 
hence down Howe Sound, as described by Teit (1906:232).  
Wickwire (1992:74) suggests on the basis of weak evidence 
that the most likely route for trade was up the Stein River to 
Mt. Currie, to avoid the scaffolding of the Fraser Canyon.  In 
any case, the Lillooet-Fraser River band of Lillooet Indians, 
whose territory encompassed the lower Bridge River and 
stretches of the Fraser River (Teit 1906:201) probably 
controlled the most nephrite.  To reach the coast, this 
nephrite would probably have to be traded through Lillooet 
middlemen, or else carried directly.  Of course, considerable 
nephrite resources were accessible from the Fraser in Coast 
Salish territory below Yale.  
 
Outside the study area, among the Tlingit a "jade adze-blade 
two to three inches in length" was worth from one to three 
slaves (Emmons 1923:18).  This high value may reflect a 

regional scarcity of nephrite, it is not likely such a value was 
current on the south coast although Barnett (1955:108) 
records a slave being traded for a hand-maul.  The source for 
northern coast jade is suggested to be either Northwest 
Alaska or the Lower Fraser (Emmons 1923), it would appear 
equally likely to come from the alluvial deposits near the 
headwaters of the Stikine and Skeena Rivers, near Dease 
Lake, as described by Leaming (1978).  Certainly the Tlingit 
and Tsimshian had trade networks that encompassed these 
deposits.  Emmons, in travelling this area extensively, reports 
seeing no nephrite boulders and notes a scarcity of nephrite 
celts (1923:13).   
 
In summary, celts or nephrite were probably traded or 
transported from a localized area of abundance throughout 
the study area.  Whatever the mechanisms of this movement 
of goods, it seems reasonable to suggest that everywhere 
nephrite would have had at least moderate value, and that 
this value would increase according to the distance from the 
source.  The upriver Halkomelem probably had the greatest 
access to the material, by virtue of its natural occurrence 
within their territory and within Thompson and Lillooet 
territories immediately upriver.  The downriver Halkomelem 
probably had less access, needing to trade for the material, 
but some groups (such as the Squamish) were in close 
trading 

 
Figure 8.1.  Known bodies of ultramafic rock and known sources of nephrite relative to the study area.  After 
Leaming 1978. 
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relationships with the Lillooet.  The Vancouver Island groups 
had even less access, but the Island Halkomelem are 
expected to have slightly more by virtue of their close ties to 
the Fraser Halkomelem, and their fishing rights which took 
them upriver on a regular basis.  The study-area Straits Salish 
groups had good relationships with the Halkomelem and 
with mainland Straits groups out of the study area (e.g., the 
Lummi) and so were probably slightly closer to the source 
than the northern gulf people (e.g., Pentlatch, Comox,).  This 
last relationship is arguable, but will be used in this study 
because many of the celts from the north gulf are actually 
from a former Coast Salish settlement at Port Alberni.  Being 
on the west coast of Vancouver Island, this represents 
another order of magnitude of distance from the source.  
These relationships are used in the creation of  Figures 9.2-
9.5, in the following chapter. 
 

LABOUR INVESTMENT IN CELT 
MANUFACTURE 

 
Labour investment in manufacturing a ground stone celt is 
high, especially compared to the functional alternatives of 
flaked stone, ground bone, or ground shell celts.  Exactly 
how much labour it takes to shape and grind a stone celt is 
not known, but will depend on the raw material, method of 
manufacture and degree of finish.  As discussed in the 
previous chapter, this would best be measured in a 
replicative experiment.  While no celts from the study area 
have been replicated using traditional techniques, and no 
specific ethnographic material is available, it is possible to 
use a combination of other ethnographic and replicative 
information to estimate how much work was involved.  
Given the exceptionally hard, tough nature of nephrite, effort 
expended in other experiments is likely be only a 
conservative estimate of the work taken to manufacture 
many of the study sample celts.  Also, there may be more 
than one sequence of of manufacture.  As these may 
constitute different levels of labour investment, they are 
discussed separately in the folowing sections.  
 

Celts made on pebbles and flakes 
The most expedient method of manufacture is to re-use a 
broken piece of a shaped celt, or to partially grind the edge of 
a boulder spall, flake or piece of waste selvage.  These celts 
will have little standardization of form and few meaningful 
qualitative attributes.  Examples of these are illustrated in 
Smith (1899:142; 1900: 417).  Another opportunistic method 
is to modify a cobble or pebble that already has an 
appropriate shape.  Manufacturing is usually limited to bevel 
grinding of the unmodified flake or pebble, although the 
sides are occasionally straightened with percussion or 
sawing.  Labour investment and skill are low in these modes 
of manufacture. 
 

Celts made on flaked or pecked preforms 
 
Study area 
A more labour intensive, and apparently more common, 
method of manufacture is initial shaping of a preform using 

percussion, followed by grinding and sawing.  This method 
is likely to be used when reducing small cobbles or pebbles.  
In the author's experience, there is some resistance among 
archaeologists to the idea that nephrite or serpentine can be 
shaped by percussion, although Hanson (1970) explicitly 
discusses it.  Groundstone celts are usually included in 
archaeological assemblage descriptions under the heading 
"ground stone" or "sawn and ground stone", but not under 
"flaked and ground stone".  It is true that conchoidal 
fractures are highly improbable in these minerals because the 
elongate fibrous and felted crystalline structure tends to 
diffuse fracture energy and force the propagating cracks to 
make many changes of direction (Bradt et al 1973: 731).  
However, many of the nephrite and other celts show 
unmistakable evidence of percussive shaping, and nephrite 
detritus is common from at least four archaeological sites: 
DiRi 1, DiRj 1, DiRi 38 and DiRi 39, all near Hope.  At the 
last three sites, the manufacturing cycle of celts is completely 
and unequivocally represented, including sawn and battered 
nephrite river cobbles; flaked, tabular ground and sawn celt 
preforms; flaked and ground celts; sawn and ground celts; 
celts made on flakes and other bits of detritus; miscellaneous 
pieces of flaked, sawn or ground nephrite selvage; and 
miscellaneous nephrite flakes (Hanson 1973; Archer 
1980:292-297; Von Krogh 1980:182-192).  An end-battered, 
but otherwise unmodified, nephrite cobble was recovered at 
the Carruthers site, DhRp 11 (Crowe-Swords 1974:91); such 
battered cobbles probably represent hard-hammers.  Flaked 
and slightly ground nephrite preforms were also identified 
from the Sardis area.  It is likely that many flaked preforms, 
pieces of waste selvage, and nephrite detritus were not 
included in the study sample, as the method used in 
assembling the study collection was only intended to locate 
shaped ground stone specimens. 
 
It is clear that percussion in the form of chipping or pecking 
was used as a primary reduction strategy in the manufacture 
of many nephrite celts, and those of other raw material.  
Percussion was always followed by grinding and occasional 
sawing of the sides. 
 
Other areas 
No ethnographic references from the study area refer to 
flaking nephrite, but evidence from New Zealand confirms 
this practice is viable and common.  
 
Nephrite boulders were said to be reduced by the Maori 
using other, particularly "knotty" nephrite cobbles - 
obviously, the hammer had to be tougher than the blank 
(Brailsford 1984: 26).  Further rough shaping by percussion 
was followed by "hammer dressing" or "bruising" (pecking) 
to remove the irregularities of flake scars, and the piece was 
then finished by grinding (Chapman 1891; Best 1912:228-
235).  Several archaeological sites in New Zealand contain 
nephrite detritus, flaked preforms, battered cobbles, etc. 
(Brailsford 1984:170).  A flaked nephrite preform which is 
superficially very similar to those from the study collection 
(e.g., DgRl Y:6769) is illustrated from New Zealand 
(Brailsford 1984:177).  M'Guire (1892:167) wore out 40 
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hammers before he found one (made of jasper) which could 
peck nephrite when manufacturing a celt out of New Zealand 
nephrite by pecking and grinding, a process which took 66 
hours of work and produced a piece inferior in workmanship.  
By comparison, a non-nephrite celt took him two to six hours 
to peck and grind (M'Guire 1891:303; M'Guire 1892:167).   
 
A manufacturing sequence of flaking, pecking and grinding 
has been noted of nephrite and other specimens in the study 
collection (e.g., DcRv Y:61).  Clearly, the toughness of 
nephrite makes flaking difficult, but because the blank is able 
to resist extremely high impact forces, controlled shaping can 
be accomplished.  Moreover, there is some evidence, 
presented in the following section, which suggests flaking of 
nephritic material is not always so difficult. 
 
Heat treating 
As noted in the previous section, sites in the lower Fraser 
Canyon and upper Fraser Valley tend to have considerable 
nephrite manufacturing waste.  Such waste is little known, or 
not recorded, at major sites on the coast or Vancouver Island.  
While a simple nephrite flake or chip might not appear 
cultural if out of context, and thus not be recorded from a 
coastal site, much of the manufacturing waste is readily 
recognizable random fragments of ground nephrite, neither 
polls nor bits, often representing selvage pieces from edge 
trimming.  Miscellaneous ground nephrite and serpentine 
fragments are present at three of 24 Gulf of Georgia area 
sites analysed by Monks (1973:19).  Such fragments are 
present, but uncommon, in the study collection from some 
coastal sites such as DhRs 1 and DcRv 1.  Never do they 
approach the frequencies found in upriver sites, in which 
these scrap pieces ordinarily outnumber finished celts.  This 
may indicate a more profligate attitude or a localized 
manufacturing specialty -- or may be because the less 
tenacious semi-nephrites found in the Coquihalla were more 
often flaked, then heat treated.   
 
Heat-treating of lithic raw material was practiced by many 
North American and other ethnic groups. However, the goal 
was usually to anneal hidden flaws, or improve the flaking 
characteristics of a crypto-crystalline rock such as flint or 
chert.  Semi-nephrite consists largely of fully felted nephrite, 
with occasional laminated zones of non-felted tremolite and 
other trace minerals.  These make it somewhat more fissile 
than nephrite, and softer from certain angles of attack (Fraser 
1972:25; Beck 1981).  The purpose of heat-treating nephrite 
is to harden the softer semi-nephrite and make it less fissile.  
So, easy flaking can be followed by quick grinding to shape, 
and a finished, but soft and less durable, tool can then be heat 
treated into a harder, more durable one. 
 
Heat-treating of nephrite was a technique known to the 
Maori (Beck: 1981:27) as well as in traditional Chinese jade 
working, where the burnt white texture produced by the fire 
was known as "chicken bone" (Savage 1964:7).  Heat 
treating of nephrite is not ethnographically known to have 
been practiced in British Columbia, or elsewhere in North 
America.  Fraser, however, notes: 

An opaque white rind resembling bone is 
often seen on nephrite artifacts that have 
been subjected to burning.  The original 
shape of the object is not changed in any 
way.  This fact may be of use to 
archaeologists, especially in British 
Columbia . . . (Fraser 1972:46). 

Beck (1984:98-99) notes in passing that " . . . quite a large 
number of Indian nephrite artifacts from British Columbia 
show these typical heating characteristics also", but he is not 
more specific.  Preliminary experiments in New Zealand 
found that 20 treated specimens became, on average, 50% 
harder after heating to 650 degrees Celsius (Beck 1981).  
However, they actually became slightly less tough.  
Nevertheless, Beck (1981:26,28) considers this to be a 
significant improvement in the raw material, since the 
material is very tough to start with, compared to the 
alternatives.  Use of ground flint axes in many cultures 
indicates that some brittleness of raw material may be 
acceptable, if compensated for by hardness. 
 
Celts which have obviously been burnt, according to the 
descriptions in Beck (1981) and Fraser (1972), are present in 
the study collection, but not all of the burnt celts are entirely 
obvious.  For example, Beck (1981:26) discusses and 
illustrates a characteristic "circular feather fracture" produced 
by localized heating or partial quenching in cold water.  At 
least one celt from the study collection (DhRlm Y:1378, 
Plate 8.4) shows such a pattern.  Furthermore, Beck 
(1981:23,28) describes other effects of heating such as the 
formation of a brown or black rind (which can be ground 
off), the production of a black and green venous structure, 
and the creation and intensification of red and yellow hues.  
Without better quality photos than those in the poorly 
reproduced article by Beck, and more detailed geochemical 
information, it is not possible to determine if heat treating is 
responsible for the appearance of the numerous celts which 
superficially fit these latter descriptions, but from the 
description, it seems likely.  
 
Some celts are, however, very obviously partially or 
completely burnt, while others have been almost completely 
incinerated.  One celt (DhRlm Y:1334, Plate 8.4) very 
closely approximates his description and illustration of the 
effects of overheating to 1,000 degrees Celsius: "an outer 
rusty colouring, opaque grey inside, and the structure 
destroyed with crazing (Beck 1981:23,24)."  If one counts as 
burnt only those with a white, bony appearance and those 
with other obvious signs of being in a fire, there are 108, or 
7.4% of the total.  Adding the other possible colour 
transformations mentioned by Beck (not including brown or 
black rinding), such as the vivid deep yellow orange, tallies 
198 celts, or 13.5% of the total.  New Zealand nephrite is 
from a limited number of distinctive sources.  The 
transformation of colour and texture by heat is suggested to 
be responsible for obscuring the raw material origin of many 
artifacts (Beck 1981).  This is probably even more relevant 
for the study collection, as the sources are much less well 
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known.  Examples of probable heat-treated celts are 
illustrated in Plate 8.4. 
 
Also interesting is the spatial distribution of burnt celts.  55% 
are from east of Fort Langley, mainly from the Chilliwack to 
Hope zone, whereas only 30% of all celts are from this area.  
Perhaps not coincidentally, the closest confirmed nephrite 
source is the Coquihalla River, cobbles in which are 
characterized by Fraser (1972:30) as "semi-nephrite", the raw 
material Beck suggests benefits most from heat treating.  
(There is an unconfirmed, but likely, source on Harrison 
Lake; it is not known if this was traditionally exploited.)  In 
any case, good quality nephrite can be found occasionally as 
far as Chilliwack, but it is in increasingly smaller and rarer 
pieces.  So, it seems plausible that the available, lower 
quality, semi-nephrite would have been exploited 
 
It seems eminently possible that the burnt celts were 
deliberately placed in fires to improve their characteristics.  
The optimal temperature of 650 degrees is easily attainable 
in a campfire (Beck 1981:23).  The traditional method of 
cooking with boiling stones would give ample opportunity to 
discover the tough nature of the material (while less tough 
than nephrite, semi-nephrite is still remarkably tough).  In 
fact, any boiling stone which lasted through repeated 
heatings and quenchings may have drawn attention. 
 
If heat-treating of British Columbia nephrite was practiced 
traditionally, it would be crucial to an understanding of the 
celt production, distribution, and use cycle.  It would 
introduce a previously unsuspected sophistication into the 
coastal ground stone industry.  Most important, it would go 
far to explain how and why apparently tenacious stone was 
shaped by flaking. 
 

Celts made on sawn preforms 
 
General sawing method within the study area 
(including Lytton and Lillooet) 
The most labour intensive way of manufacturing celts is by 
sawing a blank from the parent rock or a boulder, followed 
by grinding (see Figure 8.2, page 56).  This method, as 
traditionally practiced in B.C. is described by Smith 
(1899,1900), Emmons (1923) Dawson (1887, 1891) and 
Hill-Tout (1899), among others.  Sandstone saws, thin slabs 
of garnet schist, and pieces of chalcedony or other hard 
materials were used, in conjunction with grit, in a sawing 
motion to grind a deep groove partially through the raw 
material from one or both sides.  When partition was 
approached, wedges would be inserted and the piece snapped 
off, leaving a distinctly rough, linear fracture ridge.  Smith 
(1900:416) suggests that the nephrite boulders were 
sectioned using sandstone or  slate slabs, or quartz.  The 
groove would be started with horsetail rushes (which have a 
high silica content) or beaver teeth, although Smith suggests 
this might be a mistaken reference to sawing softer steatite.  
Semenov suggests that flint saws were used on easily 
abraded materials, but states that all progress in the sawing of 
hard and tough rock is due to introduced or eroded abrasive 
grit in the groove (1964: 71-73), a view confirmed by 

sources as diverse as M'Guire (1892), Best (1912: 59) and 
Savage (1964:8).  The actual sawn area is rendered 
remarkably smooth by the grinding and polishing action of 
the saw.  It is often slightly concave because as the sawcut 
deepens, lateral movements of the saw widen the top of the 
cut more than the bottom, which is in the shape of a "V".  
These sawcuts are unmistakable: even subsequent grinding 
and polishing of the fracture ridge does not always obscure 
the characteristic pattern.  Saw marks are visible on both 
quarry boulders and celts.  On celts, they are much more 
common on the sides than on the faces, indicating that it was 
more common to cut through the thin dimension.  In some 
cases, this might be the result of bisection of the exhausted 
celt, while in other cases sawn faces might not be visible 
because the fracture ridge was close to one edge.  Also, 
sawing may have served to straighten the edges of sawn 
cobbles or pebbles, or of flaked blanks: 

Several of the adzes or chisels show that 
the same method [sandstone abrader and 
groove] of sawing was adopted to trim the 
edges off the flat pieces first obtained, and 
to render them parallel sided (Dawson 
1887:369). 

Such selvage pieces, as illustrated by Dawson, comprise a 
large portion of the unrecorded nephrite waste in the study 
collection, and are, as discussed, much more common from 
the area upriver of Chilliwack.  Creation of a blank largely or 
wholly through sawing is presumably a more time 
consuming process than flaking, but it does have certain 
advantages:   
 
First, longer, thinner, and narrower slabs of nephrite could be 
sawn from large boulders than could be flaked or fortuitously 
found, making possible the production of a celt both 
impressive in appearance, and with a potentially long use-life 
because of the high length to width ratio.  The value of a celt 
in the Lytton region depended largely on its length (Emmons 
1923:22), which makes sense in terms of the potential use it 
embodied.  Large, elongate celts were referred to in the 
Lytton and Spences Bridge area as "property celts" and were 
said not to have been used, or usable, as adzes because their 
length precluded hafting), although  Emmons notes that some 
such specimens he examined had clear use wear (Emmons 
1923).  The others may have been brand new, or seldom 
used, and thus are unmarked.  Emmons includes a personal 
communication from the respected pioneer-ethnographer 
James Teit, to the effect that these long celts were "`property' 
or `works of art', as it were, exchanging for high values (Teit 
in Emmons 1923:27)."  Teit also suggests that these property 
celts were made for no particular purpose but were used as 
for general tasks including skin dressing and "war 
tomahawk" heads.  One can speculate that this is the result of 
their traditional task being replaced by iron blades: 
impressive celts of this nature (based on comparison to 
Emmons 1923,plate VIa) are few in the study sample, but 
those present (e.g., DhRp X:6, DhRs 12:1, DhRk 2:51) show 
use wear that is, subjectively, no different than that of the 
others.  The latter example has unifacial parallel longitudinal 
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striations highly diagnostic of heavy use as an adze 
(Semenov 1964:21, Roodenberg 1983:180).  Whatever the 
function of the long blades described from Lytton, which is 
outside the study area in any case, the long, sawn blades in 
the study sample were not just decorative but functioned as 
tools.  The extra effort put into their primary reduction stage, 
and that of all sawn preform celts, must be accounted for at 
least partially by utility and cost-benefit. 
 
The second benefit of sawing a preform is the smooth ground 
surface of the sawcut, which makes less work necessary to 
finish the celt.  In other words, a sawn preform is more work 
to make, but less work to finish.  Many celts based on a 
flaked preform were insufficiently ground to obscure the 
deepest flake scars.  As will be discussed, this results in a 
less attractive piece of workmanship, and possibly a less 
durable one also.  Semenov (1964:71) notes the lack of 
splitting and cracking of the preform surface as a benefit of 
sawing. 
 
Third, there is probably less chance of accidental breakage 
when sawing a preform so there is less waste, greater 
thriftiness of raw material use, and greater control over the 
preform shape (Semenov 1964:71).  Nephrite is a notably 
tenacious mineral, so flake reduction is only possible with 
extremely high energy hard-hammer percussion.  This risks 
breaking the blank, particularly since some nephrite is 
faulted or has cleavage planes (Leaming 1978).  Such faults 
are less common in alluvial material that has been naturally 
stress-tested.  Sawing is a more controlled method of 
reduction, although the final action of splitting the preform 
from the boulder is risky.  Emmons (1923:22) observes 
failed snaps; at least one celt in the study collection (DdRu 
18:17) shows a failed longitudinal section based on bifacial 
sawing.  Sawing is also less apt to produce waste since 
debitage is mainly limited to dust, not waste flakes.  
Interestingly, Hill-Tout states that sawing with a "rock 
crystal" (i.e., chert or chalcedony) was preferred because it 
produced a narrower cut with less wastage of material: 

. . . although there is no scarcity of 
greenstone blocks, they are not all of jade 
or of the first quality, and this fact may 
have weighed with the cutter at all times 
(Hill-Tout 1899:61). 

 
Time and effort in sawing and grinding: 
ethnographic and experimental evidence 
Hill-Tout (1899:61-62) did some sawing on an ad hoc basis, 
but his published observations about the effort required are 
limited to surprise at how readily the material could be cut, 
particularly with rock-crystals (i.e., chalcedony or agate) 
(1899:61).  Firm evidence of the amount of work involved in 
traditional sawing of nephrite is rare.  Hayden (1987:212) 
reports that sawing of jade (jadeite) in Central America using 
traditional bamboo and string techniques progressed at the 
rate of 1 to 2 mm per hour.  Wood slab, string and grit 
sawing has been suggested for Salishan preform manufacture 
(Dawson 1887:368), but Hill-Tout disputes this (1899:61). A 

typical sawn celt of 3.5 cm breadth would represent (at 
Hayden's reported rate) about 24 hours of sawing per face, 
accounting for the fracture ridge.  M'Guire experimented in 
sawing "Yukon jadite", finding that a "jadite" saw with grit 
and water could deepen a groove of unspecified length by 
1/4 inch (6 mm) per hour (M'Guire 1892:175).  It seems 
likely, however, that the material in question was not true 
nephrite as very little nephrite and no jadeite reportedly of 
Yukon origin has been substantiated (Leaming 1978:37).  
Chinese jade carvers, working in the traditional method using 
carborundum grit, were observed to take several weeks to 
saw a single cut through a one foot cube (Till and Swart 
1986:11), a rate of 2.5 to 3.8 mm/hr, based on a 40 hour 
work week.  This was at a time when most Chinese jade 
carving was in jadeite, a mineral of different structure, less 
tenacity and resistance to crushing, but similar or slightly 
greater hardness than nephrite.  Leaming notes that diamonds 
in modern 3/4 inch drills are polished and must be replaced 
after eight hours or 1.5 metres of cutting nephrite (Leaming 
1978:41). 
 
These estimates indicate a faster rate of progress than the 
better documented New Zealand case, where traditional 
manufacture of nephrite celts persisted into the mid 19th 
century (Brailsford 1984:24).  Best (1912: 69), for example, 
states that a piece of nephrite measuring 18" X 16" X 8" was 
cut into three pieces over a month of fairly steady labour 
involving several people.  He cites another case of a nephrite 
slab of unspecified size (but small enough to need staking for 
stability) which was sawn up with grit and a steel crosscut 
saw by three people working "far into the night", who cut 
this slab into adze preforms over the course of an entire 
winter (Best 1912:69).  In still another example, he discusses 
the manufacture of a single mere (a short club, similar in size 
to a large adze but better finished) from an "octavo book" 
sized slab of nephrite: 

With pretty constant work--that is, when 
not talking, eating, doing nothing, or 
sleeping--a man will get a slab into a rough 
triangular shape, and about 1 1/2 inches 
thick, in a month, and, with the aid of some 
blocks of sharp sandy gritted limestone, 
will work down the edges of it into proper 
shape in six weeks more (Best 1912:65). 

Chapman also describes the manufacture of this same mere, 
originally witnessed in the 1840s when greenstone work was 
"at its peak," but elaborates that: 

A native will get up at night to have a 
polish at a favorite mere, or take one down 
to the beach and work away by the surf.  A 
piece of greenstone and some slate will be 
carried when travelling, and at every halt a 
rub will be taken at it.  Poor Fellows!  
They had no tobacco, and a grind at a piece 
of hard inanga [silver green nephrite] 
seemed to be a stimulant (Chapman 
1891:499). 
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The grinding of a stone implement was so laborious and 
lengthy a one that it was deemed a serious misfortune 
amongst the Maori to break or gap the edge of an adze, and 
mischievous children were given the epithet "adze-breakers" 
(Best 1912:109). 
 
More generally, axes made of greywacke took about three 
weeks to grind among the Dani of New Guinea (Phillips 
1979:110).  Hill-Tout (1899:62) was informed that the polish 
put onto some of the highly finished stone pestles and 
hammers (hand mauls?) by the Thompson could take more 
than a person's life-time to produce, while Drucker is told 
that it took three years of part-time work for the Nuu-cha-
nulth to manufacture a similar utensil (Drucker 1951:78).  
On the other hand, manufacture of a "jade" handmaul among 
the Makah took only a few months using a flaking-pecking-
grinding technique (Swan in Densmore 1939:16). 
Experimental manufacture of a 6 cm nephrite amulet using 
traditional Maori techniques took 350 hours (Barrow in Beck 
1984), while grinding the final shape to a nephrite adze or 
weapon was regarded by the Maori as an "endless 
employment" (Best 1912:71) which could occupy two 
generations (Best 1912:108). 
 
The desire to conserve raw material is given as the reason for 
sawing celt preforms in other areas of the world, including 
New Zealand (Brailsford 1984:23) and New Guinea 
(Chappell 1966:104).  Nephrite detritus is much more 
common in archaeological sites close to the raw material 
source in New Zealand: 

It seems the Maori on the West Coast were 
prepared to work greenstone by flaking and 
hammer-dressing techniques despite the 
risks of the stone getting out of control.  
With the stone in their own backyard, they 
could afford to take that risk . . . The brutal 
hammering technique was fast and 
therefore acceptable when waste was no 
real problem (Brailsford 1984:26). 

The importance of this observation for the use-reduction 
model is obvious: there should be more wastage of raw 
material closer to the source, as appears to be the case within 
the study area.  This will also be demonstrated in another 
way--patterns of residual utility of the tool when discarded--
in the following chapter. 
 
CONCLUSIONS ON MANUFACTURE 
 
The New Zealand evidence, consisting largely of actual 
observation of a flourishing traditional industry, suggests that 
manufacture of a single preform by sawing was a matter of 
weeks of fairly steady work for several people.  This is not 
entirely inconsistent with the scanty material from China and 
central America, or the experimental work reported, which 
suggests a slightly less lengthy task.  Grinding to a final 
shape was an equally laborious task. 
 

The complete manufacture of a nephrite celt on either a sawn 
or flaked preform was a task that can conservatively be 
estimated to take from a few days to a few weeks.  Sawing a 
preform is a more laborious method than flaking, but could 
give a larger tool with more inherent utility, less wastage, 
and a more cleanly finished surface.  The costs and benefits 
of sawing versus flaking probably even out, one technique or 
another being used according to the toughness of the 
individual cobble, and the general availability of the raw 
material.  These manufacturing types will therefore be 
considered as a single class when considering labour 
investment.   
 

THE INFLUENCE OF 
MANUFACTURING METHOD ON 

VARIABILITY WITHIN THE STUDY 
COLLECTION 

 
A tool of a certain shape when new will have a limited range 
of future morphological steps open to it.  Obviously it cannot 
become any bigger.  To some extent, it will be constrained in 
its evolution by its original shape, and by the shape of its 
preform.  This initial morphology is likely to be the result of 
both adherence to a mental template and the exigencies of the 
raw material: with enough effort, stone can be ground to 
almost any shape.  This effect of blank-determination has 
been observed for flaked stone tools (e.g., Kuhn 1992).  
Unfortunately, it is very difficult to distinguish between 
stages of use of a celt since preform size was very variable, 
and one cannot know exactly how reduced a given celt is. 
 
One way of determining initial preform size would be 
through examination of the scars left on the sawn cobbles.  It 
would be difficult to claim that the results were 
representative of all sawn celts, however.  First, a small 
minority of the celts in the sample are demonstrably based on 
completely sawn preforms, and these are likely, in view of 
the manufacturing process discussed, to be different from the 
celts made on a flaked preform.  Second, the long, even 
blanks created by sawing might be subject to sectioning.  
This would, in fact, be necessary if Emmons' view, cited 
above, is correct in assuming property celts could not be 
hafted.  Smith (1900:416) illustrates a large celt from the 
Nicola lake area that has been transversely sectioned.  
Emmons also pictures (1923,plate XXV) a long celt that has 
been transversely sectioned.  Only 19 (1.3%) of the study 
collection had unequivocal sawn polls, although the actual 
number is likely to be higher considering that major poll 
damage is frequent, and that many polls are finely finished.  
Also, 189 have bifacially bevelled polls, 18.3% of those for 
which the attribute can be coded); some of these are almost 
certainly smoothed sectioning sawcuts.   
 
Boulder scars could also be compared to unfinished flaked 
preforms.  However, only three unquestionable flaked 
preforms are in the study collection. 
 
The only available recourse is a crude comparison of actual 
celts made by the different processes, ignoring the use-life 
effect.  The data for sawn, flaked, and pecked preforms is 
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listed in Table 8.1.  Celts with no discernible preforms are 
also included, but not the large number with ambiguous 
preform manufacture or those expediently made. 
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Table 8.1.  Dimensions of celts made on various kinds of preforms (excluding expediently made celts). 
 
Variable Mean Std. Dev. Minimum Maximum Number 
      
Preform clearly flaked on both faces: 
      
LCL (mm) 85.39 35.96 38.00 172.00 62 
WVC (mm) 42.38 13.79 16.00 83.00 63 
TVC (mm) 12.56 4.71 3.00 27.00 70 
LWR 2.05 .78 .49 4.56 54 
LTR 7.32 3.57 2.71 22.29 60 
WTR 3.71 1.42 1.72 8.30 63 
VAP (deg.) 52.39 10.79 25.10 77.70 67 
      
Preform clearly sawn on at least one face: 
      
LCL (mm) 78.55 44.67 35.00 265.00 29 
WVC (mm) 35.34 12.83 14.00 71.00 38 
TVC (mm) 12.56 4.13 4.00 20.00 39 
LWR 2.36 1.11 1.16 5.52 27 
LTR 6.39 3.77 2.57 20.38 28 
WTR 3.02 1.33 1.28 7.75 37 
VAP (deg.) 53.38 10.74 35.70 77.70 39 
      
Preform clearly pecked on both faces: 
      
LCL (mm) 82.64 29.12 41.00 136.00 22 
WVC (mm) 45.17 9.14 26.00 64.00 23 
TVC (mm) 13.87 4.31 7.00 25.00 23 
LWR 1.87 .56 1.02 2.79 22 
LTR 6.21 2.48 3.18 12.86 22 
WTR 3.50 1.16 1.88 6.40 23 
VAP (deg.) 52.51 8.97 32.30 77.00 22 
      
Preform method unknown on either face: 
      
LCL (mm) 64.32 29.10 20.00 285.00 435 
WVC (mm) 34.19 12.52 6.00 77.00 510 
TVC (mm) 11.93 3.60 2.00 24.00 534 
LWR 2.00 .94 .76 10.25 420 
LTR 5.69 2.81 1.93 27.33 429 
WTR 3.05 1.25 .83 9.14 507 
VAP (deg.) 50.66 10.03 14.50 85.20 526 
 
 
Key: LCL: length of centre line; WVC: width of bevel chin;  TVC: thickness of bevel chin;  LWR: length to width ratio 
(LCL/WVC); LTR: length to thickness ratio (LCL/TVC); WTR: width to thickness ratio (WVC/TVC); VAP: bevel angle. 
 
 
This table suggests that pecked celts tend to be larger and 
more massive, while flaked celts are broader and sawn celts 
are narrower.  A difference of means test, using the Students-
t distribution, between celts with obviously sawn faces and 
celts with obviously flaked faces revealed that the difference 
in length to width ratio is highly significant (t=3.03, df=105, 
p=0.001).  Examples of celts with pecked preforms are 
shown in Plate 8.1.  Differences between metric dimensions 
of the various forms are mainly minimal, except differences 
in width at the bevel chin are significant (t=2.17, df=132, 

p=0.02) between sawn and flaked celts. This can be 
interpreted as a tendency not to saw through large 
dimensions. The similarity in primary bevel angles suggests 
no systematic functional differences.  The differences in size 
would probably be even greater were it not for the use-life 
effect, which will be discussed in greater detail in the 
following chapter.  Blank shape will presumably influence 
the use-life history of the celt by dictating the most 
economical trajectories of resharpening and re-tooling, as has 
been observed among flaked stone tools (Kuhn 1992). 



Raw Material and Manufacture of Celts 

 55 

 
Plate 8.1.  Examples of celts made on pebbles and flakes.   
Top: celts made on pebbles, left to right: DhRlm Y:1288; DhRq 21:261; DeRt Y:30; DiRi 1:111. 
Bottom: celts made on flakes: DiRi 39:3005; DhRq 21:163; DjRi Y:99; DiRj 14:1085; DhRlm Y:1523; 
 

 
 
 
Plate 8.2.  Examples of celts made on pecked preforms. 
Left to right: DdeRu Y:82; DhRs 1:9471; DeRu-Y 61; DhRs 1:10,471. 
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Plate  8.3. Examples of celts made on flaked preforms.   
Left to right: DfRu 12:71; DhRt 2:MuE3215; DhRt X:A193; DfRtu Y:24. 
 

 
 
 
Plate 8.4.  Examples of probable heat treated celts.   
Top row, left to right: DhRlm Y:1378 (feather fracture); DhRlm Y: 1326; DjRi Y:86; DhRs 1:Ma5641.   
Bottom row, left to right: DhRlm Y:1402; DhRl 8:32; DhRlm Y:1334 (crazed). 
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Figure 8.2.  Nephrite sawing.   
A. Illustration of sawing technique, showing saw in groove and fracture ridges.   
B.  Sawing several blanks from a thin boulder or slab.   
C.  Sawing a single blank from a thick boulder.  After Beck 1984). 
 

 
 
 
 
Plate 8.5.  Sawcut nephrite cobble, DhRk Y:1. 
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Plate 8.6.  Examples of celts made on sawn preforms.   
Left to right: DiRi 1:1; DcRu 63:9; DhSb Y:1; DiSe Y:1. 
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Chapter 9 
 

ASSESSMENT OF THE BEHAVIOURAL MODEL 
 

Having established that the premise that celts were 
laboriously manufactured from a rare, localized raw material 
is likely to be true, a probable set of behaviors and attitudes 
concerning their use can be suggested.  These are based on 
the assumption of a high perceived value and utility, and 
follow the skeleton model outlined at the end of chapter 7. 
 

EXPECTED CORRELATES OF THE 
USE-REDUCTION MODEL 

 
In the following discussions, celts that were expediently 
manufactured on pebbles or flakes have been omitted.  The 
principles of curation are less likely to apply to them, and 
their extremely irregular morphology makes them difficult to 
include.  In any case, they number less than 2% of the total 
sample.  For simplicity, the term "all celts" will refer to the 
98% of celts made on manufactured preforms.  Also, data on 
32 specimens, all miscellaneous fragments, were accidentally 
erased from the disk. Takn together, overall sample size for 
this part of the analysis was reduced from 1,496 to 1,438.   
 

Effect of resharpening on length 
The cutting bit of the celt will be periodically resharpened 
over its use-life.  The bit is at one end of the celt, and so 
regrinding is likely to reduce the length more than either the 
width or the thickness (see, for example, plates 7.1 and 7.2).  
The dimension "length" should thus be more variable than 
the dimensions "width" or "thickness."  Table 9.1 illustrates 
the variance in these three dimensions for all celts.  The 
Coefficient of Relative Variation is the standard deviation of 
each variable divided by its mean, making the standard 
deviation independent of measurement range and so 
comparable across metric variables.  Table 9.1 shows that the 
central length measurement is 1.23 times as variable as the 
bevel chin width, and 1.44 times as variable as the bevel chin 
thickness.  
 
Many of the celts taper in width and thickness from the bevel 
chin to the poll.  With resharpening, these dimensions will 
also change.  It can thus be suggested that celts with tapering 

sides will show less difference in variation between length 
and width or thickness, and celts with straight sides will 
show more difference in this variation.  Table 9.2 shows the 
variation in these dimensions for celts which have either 
parallel sides or parallel faces from bevel chin to poll.  
Parallel sides are defined as less than 10% slope in width, 
and are compared to those with 10-20% taper.  Parallel faces 
are defined as less than 2% slope in thickness, and are 
compared to those with 2-10% taper.  These divisions are 
arbitrary and differ because the lower averages of the 
thickness dimension means that a difference of 1 mm is more 
likely to produce a larger apparent taper than such a 
difference would in the width dimension.  An upper limit is 
placed on the tapering groups because those with extreme 
taper likely have many other factors acting on their 
variability.  Table 9.2 demonstrates that parallel sided or 
faced celts have a higher length C.R.V. than tapering ones, 
while the poll width and thickness C.R.V. are relatively 
stable. 
 

Effect of longitudinal bisection 
At some undefinable point in the use-life cycle, a celt will 
become too stubby for its haft.  There are three options if 
continued exploitation of the tool is desired: use the celt 
unhafted, put it in a different haft, or change its shape to 
make it less stubby.  The most obvious means of 
implementing the last option is to saw the stubby celt in half 
longitudinally.  This will produce two celts, each with a fresh 
unilateral sawcut, and each with new, predictable, 
proportions.  Longitudinal bisection will leave the length and 
thickness relatively unchanged, but width, wherever 
measured, will be reduced by approximately 50%.  (Not all 
celts that have been bisected will have visible sawmarks, 
which will lower the average apparent decrease in width.)  
Proportionally, then, celts with a unilateral sawcut should 
have a higher length to width ratio and a lower width to 
thickness ratio than celts with no lateral sawcuts, but the 
length to thickness ratio should be relatively constant. 
 

 
Table 9.1: Variance in length, width and thickness of all celts. 
 
 Mean (mm) Std. Dev. (mm) C.R.V. Number of cases 
Dimension.     
     
LCL 67.67 30.31 0.448 963 
WVC 36.78 13.38 0.363 1122 
WPO 28.77 10.94 0.380 1069 
TVC 12.04 3.76 0.312 1177 
TPO 10.23 3.59 0.351 1118 
 
Key: LCL: length of centre line; WVC: width of bevel chin; WPO: width of poll; TVC: thickness of bevel chin;  TPO: 
thickness of poll; C.R.V., co-efficient of relative variation (Std. dev./mean). 
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Table 9.2: Variance in length and thickness of celts which taper towards the poll vs. ones which are parallel faced 
or sided. 
 
Variable Mean (mm) Std. Dev. (mm) C.R.V. Number of cases 
     
Parallel faces:     
     
LCL 73.31 36.90 0.503 217 
TPO 10.55 3.47 0.328 217 
     
Faces taper to poll:     
     
LCL 69.77 28.52 0.409 419 
TPO 9.77 3.02 0.315 419 
     
Parallel sides:     
     
LCL 70.85 34.76 0.491 350 
TPO 28.74 10.43 0.362 350 
     
Sides taper to poll:     
     
LCL 64.84 24.82 0.383 470 
TPO 28.85 10.97 0.380 470 
 
Key: LCL: length of centre line; WPO: width at poll; TPO, thickness at poll; 
CRV, co-efficient of relative variation (std. dev/mean). 
 
Some celts with a unilateral sawcut will be the result of 
sawing as a preform-manufacturing technique.  To partially 
control this relatively minor skewing effect, only celts that 
are likely candidates to be bisected will be included.  These 
candidates are defined as celts falling within the range of 
length, width, and thickness for the celts from the sample 
which have a longitudinal sawcut but have not been fully 
partitioned.  These ranges are:  LCL 39-117 mm, WVC 20-
67 mm and TVC 7-16 mm.  A total of 514 celts are included.  
Subjectively, not all of these celts are even close to the end 
of their useful life: the length to width ratio ranges from 
0.73:1 to 4.56:1, averaging 1.67:1, and theoretically could be 
as great as 5.85:1.  The mean is not much less than that for 
all celts with no sawn sides: 1.81:1 (N=609). 
 
The specific hypotheses are. 
 
1. Length: H0: the LCL means are equal. 
 H1: the LCL means are not equal. 
 
2. Width H0: the sawn WVC mean ≥ the unsawn mean. 
 H1: the mean WVC of sawn celts < unsawn 

celts. 
 
3. Thickness: H0: the TVC means are equal. 
 H1: the TVC means are not equal. 

4. Length to width ratio (LCL/WVC): 
 H0: the sawn LWR ≤ the unsawn group LWR. 
 H1: the sawn group LWR > the unsawn group 

LWR. 
 
5. Length to thickness ratio (LCL/TVC): 
 H0: the LTR means are equal between groups. 
 H1: the LTR means are not equal. 
 
6. Width to thickness ratio (WVC/TVC). 
 H0: The sawn WTR ≥ the unsawn group WTR. 
 H1: The sawn group WTR < the unsawn group 

WTR. 
 
The logical consequences of longitudinal bisection on the 
size and proportion of celts is that null hypotheses two, four 
and six will be rejected while null hypotheses one, three, and 
five will not be rejected.  These hypotheses were tested with 
a difference of means test using Student's-t distribution, the 
values and probability levels of which are presented in Table 
9.3, below, and graphically expressed in Figure 9.1.  The 
results are exactly as the model predicted.  While this does 
not prove that bisection was performed to rejuvenate a 
stubby celt, it does show that the morphology of the celts is 
not inconsistent with such a process.  Examples of celts 
which have entered the archaeological record while in the 
process of being bisected are shown in Plate 9.1.  There are 
21 (1.5%) of these grooved celts in the study collection. 
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Table 9.3.  Tests of significance of the differences between mean dimensions and proportions of selected1 celts 
with unilateral sawcuts and selected celts with no sawcuts.   
 
 No Lateral 

Sawcuts 
One Lateral 

Sawcut 
Value of Student’s 

T 
D.F. Probability 

      
Dimensions (mm).      
      
LCL 63.40 64.96 0.90 497 0.358 
WVC 40.03 34.12 -5.54 497 <0.001 
TVC 12.03 12.25 1.22 497 0.224 
      
Proportions 
(ratios:1) 

     

      
LWR 1.67 2.00 6.03 497 <0.001 
LTR 5.39 5.41 0.12 497 0.903 
WTR 3.39 2.82 -6.09 3532 <0.001 
      
 
Key: LCL: length of centre line; WVC: width of bevel chin; WPO: width of poll; TVC: thickness of bevel chin;  TPO: 
thickness of poll;  LWR: length to width ratio (LCL/WVC); LTR: length to thickness ratio (LCL/TVC); WTR: width to 
thickness ratio (WVC/TVC);  D.F.: degrees of freedom;   
 1. Selected as likely candidates for bisection as defined in text. 
 2. Separate variance t-test, all others pooled variance. 
 
 
Figure 9.1.  Bar graph of different proportion and size of celts with a unilateral sawcut versus those without. 
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To further strengthen the suggestion that bisection is an 
identifiable stage in celt use-life reduction, it is possible to 
differentiate within the unilateral sawcuts.  A minority of 
these have a coarse fracture ridge: little or no effort has been 
made to smooth it off.  The majority have a fracture ridge 
which has been smoothed to some extent.  A coarse fracture 
ridge may represent a bisection close to the final use of a 
celt, or even a celt which was never used subsequent to 
bisection.  Thus, celts with a coarse ridge may be expected to 
have a longer length to width ratio than those with a 
smoothed ridge, all else being equal.  The dimensions and 
proportions of these groups of celts are presented in Table 

9.4, which also serves to show the percentage and direction 
of change between group means tested by Student's-t in 
Table 9.3.  The important dimensions of length to width and 
length to thickness are both higher in the rough cut group, 
while the width to thickness ratio is lower, indicating a more 
square cross section.  Length, however, is about the same 
between the groups.  If the coarse-ridged specimens are more 
recent bisections, and were cut from the same group of 
exhausted celts as the smooth-ridged ones, they should be 
longer in absolute terms because they will be less worn 
down.   This presumes that sawcut freshness relates to 
proximity of the sawing event.  While the length is expected 
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to be longer, and  
Plate 9.1.  Examples of celts with a longitudinal sawcut. 
Left side: DcRu Y:203. 
Top, left to right:  DdRu Y:11; DiRj 1:13181. 
Bottom, left to right:  DhRlm Y:1353; DgRw 19:25. 
 

 
 
 
is not, the freshly sawn group has a lower standard deviation 
of length than the smoothed group (15.7 vs 18.9), suggesting 
the rough-ridged group encompasses a smaller range of use-
life stages. 
 

Other explanations for unilateral sawcuts 
As an alternative explanation for these differences between 
sawn and unsawn celts, it is possible that major lateral 
damage to a celt (bit or poll corner detachment) might make 
rehabilitation difficult.  Either the entire length would have 
to be reduced to the pollward end of the fracture, or an 
asymmetrical bevel would have to be tolerated.  This could 
be a ground missing corner (e.g., DdRu 4:7) or a diagonal 
bevel (e.g., DdeRu Y:122).  If neither was acceptable, it 
might have been most expedient merely to saw the side off 
the celt.  This would have the advantage of maintaining a 
balanced, symmetrical tool, which may make future breakage 
less likely (Olausson 1983).  It would also increase the length 
to width ratio, and the narrow sawn piece might be useful as 
raw material.  In any case, this "rehabilitation" motivation for 
longitudinal bisection fits within the suggested behavioral 
model.  At least two celts (DcRt 15:2347; DhRlm Y:1285, 
Plate 9.2) apparently demonstrate this method of 
rejuvenation: a longitudinal sawcut along the same side as a 
broken bit corner.   
 

Other strategies for renewal 
Another remedy for major corner breakage is to flip the celt 
end for end and sharpen the poll.  A number of celts are very 

clearly the result of this renewal process: a bevelled poll with 
a severely broken corner, and an unblemished bit (e.g., DcRt 
9:21 (Plate 9.2), DcRt 15:259).  
 
A celt from a Pender Island private collection, which entered 
the study sample after the use-life cycle had been developed, 
convincingly illustrates that exhausted celts were renewed, 
even at considerable cost of labour.  This specimen (Plate 
9.3) probably was originally a wide, flat, unifacially bevelled 
celt of a type most archaeologists would probably classify as 
an adze.  At some point, it broke transversely and it appears 
that the celt was in the process of rejuvenation when it 
entered the archaeological record.  The broken end has been 
pecked smooth and flat, while the original bit has been 
blunted by deliberate flaking.  One of the original sides has 
also been flaked, apparently in preparation for grinding a 
bevel.  In short, the exhausted or broken stub of a large celt 
was rotated 90 degrees, the original ends were straightened 
to serve as sides, and the original side was prepared to 
become the bit.  In this way, the length to width ratio was 
increased from 0.57:1 to 1.74:1.  The form of the celt 
changed such that an "adze" became a "chisel", illustrating 
how renewal of the tool can change its classification .  This 
effect is also a likely byproduct of longitudinal bisection. 
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Table 9.4.  Comparison of dimensions and proportions of selected1 celts with no sawcuts and those with unilateral 
sawcuts. 
 
 No Lateral Sawcuts One Lateral Sawcut Predicted & Actual % 

Difference 
Total N per 
Comparison 

     
A. All celts with no sawcuts compared to all celts with a unilateral sawcut. 
     
LCL 63.40 64.96 (equal), (+ 2.5) 499 
WVC 40.03 34.12 (less), (- 14.8) 499 
TVC 12.03 12.25 (equal), (+ 2.1) 499 
     
LWR 1.67 2.00 (greater), (+ 19.7) 499 
LTR 5.39 5.41 (equal), (+ 0.4) 499 
WTR 3.39 2.82 (less), (- 16.8) 499 
     
B. All celts with no sawcuts compared to all celts with a smoothed unilateral sawcut. 
     
LCL 63.40 64.96 (equal), (+ 3.5) 462 
WVC 40.03 34.62 (less), (- 13.5) 462 
TVC 12.03 12.41 (equal), (+ 3.2) 462 
     
LWR 1.67 1.99 (greater), (+ 19.2) 462 
LTR 5.39 5.36 (equal), (- 0.1) 462 
WTR 3.39 2.81 (less), (- 17.2) 462 
     
C. All celts with no sawcuts compared to celts with a rough unilateral sawcut. 
     
LCL 63.40 64.87 (equal), (+ 2.3) 377 
WVC 40.03 33.19 (less), (- 17.1) 377 
TVC 12.03 11.48 (equal), (- 4.6) 377 
     
LWR 1.67 2.07 (greater), (+ 24.0) 377 
LTR 5.39 5.80 (equal), (- 7.6) 377 
WTR 3.39 2.96 (less), (- 12.7) 377 
 
Key: LCL: length of centre line; WVC: width of bevel chin; WPO: width of poll; TVC: thickness of bevel chin;  TPO: 
thickness of poll;  LWR: length to width ratio (LCL/WVC); LTR: length to thickness ratio (LCL/TVC); WTR: width to 
thickness ratio (WVC/TVC). 
Note 1. Selected as likely candidates for bisection as defined in text. 
 
 

Patination and longitudinal bisection 
As a final piece of evidence that some celts were bisected 
during their use life, rather than during manufacture, some of 
the patinated or oxidized specimens have lateral sawcuts with 
no patination.  Examples include DhRx 16:210; DcRt Y:74; 
DfRu 8:4477.   All fall well into the range of likely 
candidates for bisection.   
 

Geography and raw material economizing 
In the area of relative raw material abundance there will be 
less economy of reuse, repair, and recycling, more 
manufacturing waste, more unused broken tools, and the 
tools will also have less durable but mechanically more 
efficient shapes because raw material is more abundant. 
 
If the raw material is localized and valuable, then distance 
from the source of raw material should be associated with 

intensity of reuse.  This is actually a complex relationship, 
involving different bioclimatic and cultural zones, and 
various, poorly known trade patterns.  Nevertheless, if it can 
be shown that the trend of reuse is as suggested, then this 
will help support an operating principle of the behavioral 
model, that the raw material was valued.  Patterns of relative 
abundance of miscellaneous nephrite waste have already 
been suggested as signs of either local craft specialization or 
a profligate attitude towards locally abundant raw material.  
In both examples below, aspects of celt morphology are 
suggested to correlate with raw material abundance.  The 
definition of distance from source is the same as in the 
section on trade in the previous chapter. 
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Plate 9.2  Celt repair.   
Left: a double-bitted celt with a broken poll (DcRt 9:21).   
Right, a longitudinal sawcut to repair a broken bit corner (DhRlm Y:1285).   
 

 
 
 
Plate 9.3.  Celt rotated 90 degrees to extend use-life.   
Uncatalogued specimen from DeRt 2, collection of David Spaulding, South Pender Island, B.C.. 
 

 
 
 
The coarsest indices of reduction are the length to width ratio 
and length to thickness ratio.  These indicate roughly how 
much utility is left in the celt in its current form.  It would be 
expected that celts would not, on average, enter the 
archaeological record until they are close to exhausted in 
regions where suitable raw material is scarce.  Where raw 
material is abundant, celts will have less value, and thus may 
be discarded with more residual utility.  This relationship is 
illustrated in Figures 9.2 and 9.3 for celts indisputably made 
of nephrite. 

It is expected that conservation pressures would make robust 
celt configurations more likely in areas away from suitable 
raw material.  Perhaps the best documented such 
configuration for ground stone tools is edge angle.  Acute 
edge angles are much more efficient at cutting, but much 
more failure prone (Dickson 1981; Olausson 1983).  
Repeated failure enforces many resharpening and reshapings, 
and is thus wasteful of raw material.  Both acute and obtuse 
edges can, within reason, do the same work (Dickson 1981).  
The latter require more energy, but the greater mass behind 
the edge makes them much more durable.  Were all else 
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equal, edge angle should increase with distance from the 
source of the raw material.  It is tempting to offer the 
corollary, celts made of readily available raw materials 
should have lower edge angles, but this ignores the 
probability that raw material quality varies from place to 
place, and in itself is a powerful determinant of edge angle 

(Dickson 1981; Olausson 1983).  Figure 9.4 illustrates the 
relationship between edge angle and distance from the raw 
material source, for celts indisputably made of nephrite.  
Table 9.5 lists the values used to construct Figures 9.2, 9.3 
and 9.4. 

 
Figure 9.2.  Graph of residual utility (expressed as LWR) versus distance from raw material source. 
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Figure 9.3.  Graph of residual utility (expressed as LTR) versus distance from raw material source. 
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Figure 9.4.  Graph of edge angle versus distance from the raw material source. 
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EXPERIMENTAL EVIDENCE FOR 
USE-LIFE ATTRITION 

 
There have not been many experiments to determine the 
behavior of ground stone chopping tools in use, compared to 
studies on flaked stone.  Many ground stone experiments aim 
to quantify their efficiency level versus metal tools, so as to 
measure the amount of time taken in their manufacture, or to 
attempt functional differentiation.  These goals have been 
discussed in previous sections or chapters, or in the course of 
attribute selection and justification.   
 
The only known experimental work from the Northwest 
Coast was performed by Brian Hayden in the course of the 
Meares Island aboriginal tree utilization project (Arcas 
Associates 1986a,b).  Four prehistoric celts made of 
greenstone (metamorphosed siltstone or welded tuff) were 
resharpened and hafted as straight chisels.  An attempt was 
made to cut down a small cedar tree using these chisels as 
well as ones with steel, shell, and bone celts.  Although the 
experiment was limited, light chipping of the stone bit was 
noted (Arcas Associates 1986b:130).  No resharpenings are 
noted, and no duration is given for the use of the stone bitted 
chisels, but from the context it was likely several hours.  
Thus, one could tentatively suggest that some edge 
maintenance would be required after a few hours work. 
 
Experimental work from other areas of the world is 
somewhat less applicable because the cumulative effect of 
different raw materials, different hafting methods, and 
different tree species acts to reduce confidence in the 
analogy.  In any case, few studies comment on the long term 
results of use and resharpening.  
 

RE-TOOLING 
 
Whereas resharpening or rehabilitation of worn or broken 
celts does not change their function, some celts may undergo 

a final stage of use as functionally different tools, i.e., a 
function not traditionally suggested for the artifact class.  
Three separate such functional shifts were noted in the study 
collection, others are likely undetected. 
 
1.  Use as stone-working hammer.  Hayden (1987:96-101) 
observes an exhausted ground stone celt being used to peck 
stone manos and metates in Central America, and illustrates 
more which bear use wear characteristic of stone work.  
Several of the study collection celts (e.g., DcRu 65:2 (Plate 
9.4), DhRs 1:8681) have blunted, crushed cutting edges 
consistent with Hayden's description and illustration, and 
inconsistent with woodworking.  Pecking was an important 
technique in the manufacture of such items as hand mauls, 
shaped abraders and grooved sinker stones, as well as stone 
bowls, sculpture and some celts.  Suitable raw material for a 
celt would also, by definition, be suitable raw material for a 
pecking hammer, and the shape of a celt makes it useful for 
fine pecking of grooves.   
 
2. Use as a drill.  Three small drills made of nephrite were 
included by mistake in the study collection (Plate 9.5).  
Undoubtedly, others exist, but were not included because of 
the "eyeball" selection procedure.  One of these (DiRi 
38:3120) is almost certainly a recycled celt fragment, and 
another (DhRs 1:5786) is probably a sawn section from a 
celt.  The third (DjRi 1:12107) is made on a splinter of 
nephrite which could be a piece of manufacturing waste or a 
broken celt.  Duff (1952:59) was informed that small pencil-
like objects of nephrite were used as indirect percussors in 
the flaked stone industry.  His source is not particularly 
reliable, but nephrite would be admirably suited for such a 
task, or for use as a drill. 
 
3.  Use as an ornament.  One small celt of luminous green 
nephrite (DfRu 24:899, Plate 9.5) has had the bevel ground 
completely blunt, leaving only the bevel chin on one side.  It 
could easily be classed as a "whatzit," a member of an 
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enigmatic class of small artifacts with unknown function 
collectively known as "the Gulf Islands complex" (Duff 
1955), mainly found in Gulf Island sites of Locarno Beach 
age (Mitchell 1971:115-118).  If the bevel were not ground 
off, the celt would measure approximately (30) mm X 23 
mm X 10 mm, and have a length to width ratio of 1.30:1.  It 
would be in the lowest quartile for this proportion, and thus 
have little residual utility as a celt.  It is probably too small to 
bisect, and so the desire for continued use of the presumably 
valuable raw material necessitated some other use than as a 
celt.  There are also several larger "tablets" (e.g., DhRl 
17:777; DhRt 8:30; DhRq 21: 2960), celt-like in plan, 
proportion, finish, and material, yet with smooth, deliberately 

blunted ends.  Some show anomalous use wear.  
 
Another small "celt" of unidentified exotic raw material 
(DcRt 15:1465, Plate 9.5) has had the bit corners and the 
cutting edge rounded and a small hole drilled through the 
poll.  While apparently turned into a "pendant," it bears 
traces of previous use as a celt, including some obscure use-
striations. 
 
Nephrite and many of the unidentified raw materials have 
great aesthetic appeal, and use of available pieces as 
ornaments is not surprising. 

 
Table 9.5.  Change in three dimensions of nephrite celts with distance from source of raw material. 
 
 Value Std. Dev.. Minimum Maximum. Number of cases. 
      
A. Length to width ratio. 
      
Canyon Hlk. 2.35 1.33 .76 10.25 60 
River Hlk. 2.19 .94 .95 5.46 107 
Delta Hlk. 1.87 .77 .69 5.52 194 
Island Hlk. 1.85 .66 .76 4.26 100 
Straits 1.76 .80 .81 6.33 222 
North Gulf 1.77 .65 .94 4.06 30 
All 1.91 .86 .69 10.25 736 
      
      
B. Length to thickness ratio. 
      
Canyon Hlk. 7.44 3.93 2.93 27.33 63 
River Hlk. 7.40 4.06 2.65 28.40 108 
Delta Hlk. 5.62 2.66 2.24 20.57 203 
Island Hlk. 5.09 2.40 1.93 16.00 103 
Straits 5.53 2.31 1.89 18.75 231 
North Gulf 4.83 1.94 2.62 10.55 30 
All 5.89 2.98 1.89 28.40 761 
      
      
C. Primary bevel Angle (degrees). 
      
Canyon Hlk. 44.90 10.30 23.4 75.2 75 
River Hlk. 49.50 10.00 29.1 81.4 147 
Delta Hlk. 50.76 9.26 29.4 80.1 263 
Island Hlk. 52.34 9.99 26.4 80.7 128 
Straits 55.56 10.39 34.2 90.0 265 
North Gulf 54.83 8.74 40.1 74.8 37 
All 51.90 10.41 21.5 90.0 937 
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Plate 9.4.  Detail of crushed edge of DcRu 65:2, presumably from use as a stone pecking tool. 
 

 
 
Plate 9.5.  Examples of artifacts perhaps made on exhausted celts. 
Left: nephrite tablet (DhRq 21:2960); Top centre: whatzit (DfRu 24:899); Bottom centre: pendant (DcRt 15:1465); 
Right: drills (DiRi 38:3120, DhRs 1 Ma5786).   
 

 
 

PROCESSES OF DISCARD 
 
The study collection is made up of celts that were, for one 
reason or another, abandoned or lost.  A few were placed in 
burials, more were lost during use or storage, and most were 
lost or discarded when their utility made them comparatively 
unworthy of careful curation.  This selective non-random 
disposal into the archaeological record has implications for 
the observed variability, as expressly formulated by 
Ammerman and Feldman (1974:616): 

There has been a common tendency to 
underestimate the importance of dropping 
rates, which can be seen in many ways  as 
`determining' what the archaeologist sees . 
. .  especially . . . in quantitative terms.  
From a `functional' point of view we may 
not be paying enough attention to those 
tools and tool types that are repeatedly 
used and seldom discarded, and too much 
to those used only a few times and 

abandoned . . .  patterns of variability may 
differ partly in relation to how long or 
often a given tool is intended to be used 
before being abandoned. 

The importance of use-life and discard process for 
assemblage formation is the influence it has on inter-class 
frequencies.  The relevance for this study is the explanation 
use and discard patterns provide for the observed intra-class 
distributions of celts at various use-life stages.  The 
combination of long use life and high value should mean that 
few celts with much utility will be in the sample.  
Dimensions inferred to correlate positively with remaining 
utility should have a predictable frequency distribution.  
Length to width ratio and length to thickness ratio should be 
skewed to the left and have a long rightward tail.  The tail 
tracks the progressively fewer tools lost while high utility 
remained, and the leftward skew shows the tendency for less 
useful tools to be lost. 
This relationship can be seen in the frequency histograms for 
various variables, (Figures 9.5 through 9.9).  A dimension 
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which is unstable due to resharpening or use-reduction  such 
as length, and to a lesser extent width, are more skewed than 

stable dimensions such as poll thickness and edge angle, 
which show a more balanced distribution. 

 
 
Figure 9.5.  Frequency Histogram, length along centre line, all celts. 
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Figure 9.6.  Frequency Histogram, width at bevel chin, all celts. 
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Figure 9.7.  Frequency Histogram, thickness at poll, all celts. 
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Figure 9.8.  Frequency Histogram, thickness at bevel chin, all celts. 
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COMPLETE USE-LIFE HISTORY 
AND PATINA FORMATION 

 
Another, quite separate, line of evidence which suggests a 
long use-life is the pattern of patination on some celts.  
Nephrite's characteristic green colour is due to the presence 
of iron.  This iron may oxidize, forming a dark brown or 
black patina to a depth of up to 0.5 cm  (Holland 1962:121; 
Fraser 1972:77).  Of the celts available for examination at a 
later stage in this research (approximately 1,200 specimens), 
21 have a distinctly patinated body, but an unpatinated bevel 
(Plate 9.6).  This is very suggestive of long use life.  Either 

the celt was in use over a long enough time that the body 
oxidized but the bevel, being reground periodically, did not 
patinate or, the celt was discarded for a period of years, and 
then was found and rehabilitated, removing the patina from 
the bevel only.  In either case, the celt or the raw material 
must have been perceived as valuable.  Unfortunately, 
neither the rate nor conditions under which patina will 
develop on nephrite are known, although it is not commonly 
found on boulders exposed to running water, and can be 
highly variable in appearance and texture (Leaming 
1978:17).  Some of the celts with unpatinated bevels have 
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been in museum collections for over a hundred years, while others  
Figure 9.9.  Frequency Histogram, primary bevel angle, all celts.  
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were found much more recently, and so were in a partially 
patinated state for over a hundred years in the ground.  This 
suggests a relatively slow patination process.  One expert on 
Chinese jades states that green nephrite of the Han dynasty 
had: 

. . . oxidized to a characteristic rich, 
uneven, brownish red.   Ancient jades 
[nephrite] may soften, become opaque, and 
develop a brownish colour as a result of 
prolonged burial.  The effect may be seen 
in unworked nephrite boulders, which are 
covered in a crust of this kind . . . [the 
removal of this crust] opens the interior of 
the boulder to the same degenerative 
changes which produced this crust 
originally if the object is subsequently 
buried for a long period of time (Savage 
1964:7-8). 

No other plausible explanation of this pattern of patination 
on study collection celts, other than long use (intermittent or 
continual), is apparent.  Yet, the total absence of patination 
on some specimens must be explained.  It may be related to 
heat-treating of the material (Beck 1981:23), or the chemical 
environment during deposition (Schiffer 1987), or perhaps 
some substance applied during use, but this is far from 
certain. 

Of the 26 celts which show this distinct pattern, one is from 
the Chilliwack area, three (12%) are from the Fraser Delta, 
and 22 (85%) are from Vancouver Island.  Of the last group, 
17 (77%) are from traditional Straits Salish territory.  This 
may be significant in light of the suggestion that raw material 
thriftiness increased with distance from raw material source. 
 
IMPACT OF USE LIFE HISTORY ON 

SAMPLE VARIABILITY 
 
To summarize, most ground stone celts were made of a 
technically ideal but uncommon, localized raw material; 
were laborious to manufacture, causing low standardization 
of preform; had a potentially long use-life during which they 
were unlikely to be lost; were likely to be used until there 
was little residual utility; such intense use probably resulted 
in predictable change (gradual and episodic) in form over a 
use-life; they could be lost, broken or discarded at any time, 
and the study collection contains celts at all stages of use.   
 
The practical effect is a steady convergence of form to a 
generic, stubby, worn-out celt, likely having little residual 
utility.  This means that the behavioral processes outlined in 
the life-cycle model contribute to a reduction in the 
typological robustness and diversity of the study collection.  
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Plate 9.6.  Examples of celts with patinated bodies and unpatinated bevels.  
Left: DhRs 1:10391.   
Top, left to right: DcRu 12:4178; DdeRu Y:11. 
Bottom, left to right: DcRu 92:2; DhRx 16:210. 
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Chapter 10 
 

CONCLUSIONS 
 

The substantive chapters of this book are composed of 
apparently independent parts.  The first is an exercise in 
archaeological systematics from the perspective of making 
classifications, in order to understand the patterns of 
variability within the study collection.  The second tries to 
recreate the cultural environment in which celts were made, 
used and discarded in order to understand, but not 
necessarily classify, the variability within the study 
collection.  The link between these has, I hope, become 
obvious: the failure to "discover" types was the stimulus to 
think more creatively about the behavioural environment of 
their use.   
 
Conclusions were drawn throughout, this chapter will 
summarize and expand upon these. 
 

CONCLUSIONS ON GENERAL 
METHODOLOGY 

 
The large size of the study collection was unusually 
important, for several reasons.  First, the descriptive typology 
relies upon the stability of the median, which is partly a 
product of the large sample size, to define classes which have 
lasting relevance to the study area. 
 
Second, the cluster analysis would perhaps have had less 
ambiguous results with a smaller sample size.  With fewer 
OTUs, it is possible that types might have emerged without 
being accompanied by intermediate specimens.  In the end, 
the observed fuzziness of the cluster edges was felt to be 
more important than any tightness of the cluster cores.  
Furthermore, the effect of the qualitative variables might not 
have been so obvious, and hence not have been noticed, had 
each type contained 10 members rather than 80.  With the 
large number of artifacts, it was also possible to eliminate 
many broken celts without fear that insufficient would 
remain for meaningful comparison.  Third, the large sample 
size was especially critical for the use-life study.  Had there 
been fewer celts at all stages of their use-life, it would have 
been much more difficult to rely upon the results.  For 
example, there were over 400 celts with unilateral sawcuts, 
but many fewer when only those substantially complete celts 
judged to be candidates for renewal were included.  Had the 
total study collection numbered about 350 and the total 
number of unilaterally sawn celts or celt fragments been 50 
or 75 (which normally would be considered healthy sample 
sizes), it would have been much more difficult to 
demonstrate the probable cause of this asymmetric cut.  
Likewise, it was possible to show change over space with 
confidence, because even after eliminating all but those celts 
certainly made of nephrite, enough remained for confident 
division into six regions, each with 100 or more specimens.  
It is possible that the use-life effect might not have been 
observed at all had there not been multiple examples of the 
all the various life stages.  Finally, that one can never have 

too many specimens is illustrated by the celt which came to 
light late in the analysis showing an unprecedented method 
of rejuvenation, as discussed on page 62 
 
The large number of attributes recorded for each celt was 
also criticallly important.  In retrospect, it is easy to see some 
categories which could or should have been ignored or 
included.  For example, the angle of the bit corners (ARC, 
ALC) was difficult to measure except very subjectively 
because of the curved sides of many celts, and frequent 
repairs and cut angles on the bit corners.  Furthermore, the 
curvature of the bevel strongly influenced this measurement, 
which was intended to be a measure of body taper.  It would 
have been better replaced by a body taper measurement: the 
angle at which lines from the bit corners to the poll corners 
intersect.  Furthermore, bit curvature--a frequently blanked, 
but important, field--would have been better measured by 
curve-fitting, rather than a simple measure of deviation from 
a straight line.  The modified calipers used for measuring the 
primary bevel angle were quick and consistent to use.  
However, multiple measurements of each bevel at different 
locations would help reduce a possible differences between 
curved and flat bevels.  Despite these imperfections, the 
database was sufficiently inclusive and flexible for 
unanticipated ideas (such as the use-life effect) to be 
explored.  Both the large sample size and the large number of 
observations per specimen made for a data recording process 
that was long and tedious, but ultimately rewarding. 
 

CONCLUSIONS ON 
CLASSIFICATION 

 
The descriptive typology provides for clear, concise 
description and communication of the gross morphological 
characteristics of any ground stone celt.  It thus has obvious 
utility for inter-assemblage comparison by providing a 
common language of description.  It does not provide types 
that have any necessary meaning for cultural reconstruction.  
However, by basing this typology on a stable statistic of 
central tendency, and because of the very large sample size, a 
small amount of further interest is added to this typology.  
The three attributes which place each celt in a type also give 
information about its three-dimensional relationship to all 
celts from the Coast Salish area.  Because the attribute 
combinations are differentially likely to be represented by 
actual specimens, this typology can help alert researchers to 
anomalous finds as, for example, if a site produced five celts, 
all of an unusual descriptive type.  Further study, of course, 
may have little use for the descriptive typology.  
Classification into other special purpose typologies based on 
a different, justified selection of attributes, or placement of 
the celts in their behavioral or other context, would probably 
be more helpful. 
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The cluster analysis was also instructive, despite the failure 
to create a polythetic classification.  First, the methodology 
used was vital.  The eventual conclusion that large, well 
defined clusters were not present could not have been 
reached with confidence had the cluster analysis not allowed 
the inclusion of a diverse sample of celts.  This conclusion 
provided the impetus and foundation for the use-history 
analysis.  The normal sample size limits in a cluster program 
would have been approximately 150 cases, measured on a 
single scale, with no broken specimens.  A sample drawn, 
measured and analyzed under these constraints would have 
been skewed away from "exhausted" celts, which it is 
suggested are substantially shaped as a byproduct of the use-
life cycle.  The laborious modification of the software to 
allow a very large matrix to be created and manipulated was 
justified.  Second, Gower's coefficient was found to be 
effective for illustrating weak clusters.  A few shared 
qualitative variables were able to drive a diverse group of 
celts into clusters which had the appearance (based on the 
dendrogram) of internal cohesion and external isolation.  The 
applicability of Gower's coefficient to other artifact classes, 
or other archaeological applications, is not known. 
 
CONCLUSIONS ON THE CELT USE-

LIFE CYCLE  
 
The use-life cycle of celts is recreated in some detail through 
a combination of ethnographic analogy, prior experimental 
results, archaeological background, and knowledge of the 
characteristics and origins of the raw material used.  In order 
to support this suggested use-life cycle, logical correlates of 
the model are identified and tested against the data from the 
study collection.  These data were found to be consistent 
with the model.  The effect of the life history of individual 
celts upon the classification of the study collection is 
suggested to be large.  Specifically, when "new", celts may 
belong to definable classes.  However, new celts are rarely 
included in the archaeological record.  Over the course of 
their use-life, celts degenerate into stubby, worn out 
remnants, frequently with broken corners and other damage 
which obscures their original shape and size.   
 
The most common functional types of celts identified by 
archaeologists working in the study area are adzes and 
chisels, reflecting the two major functions recorded 
ethnographically.  The former term is usually applied to 
relatively broad and flat celts with a skewed bevel, while 
chisels are narrow and thick with a unifacial bevel.  A crucial 
stage in the life-cycle of some broad, flat celts is an episode 
of longitudinal bisection.  This renews the utility of the 
individual celt by increasing the length to width ratio.  But, 
by altering the width to thickness ratio (which is otherwise 
relatively stable throughout the use-life), it blurs the initial 
type boundaries between "adzes" and "chisels".   
 

CONCLUSIONS ON CHANGE AND 
CONTINUITY 

 
Change over time is one of the most obvious and interesting 
sources of variability within the study collection.  

Unfortunately, it is one of the least explored aspects in this 
work, for two reasons.   
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First, any classifications or interpretations about observed 
change would need an understanding of the use life stages 
that might be represented.  Having established that there 
were not likely to be any discrete types definable on general 
or functional attributes, it seemed important to know why.  
This deflected the research away from strictly typological 
concerns. 
 
Second, it proved to be very difficult to know which celts 
were from which prehistoric culture type.  Obviously many 
were from uncontrolled or unanalyzed collections.  But even 
those from well documented, controlled excavation projects 
were often difficult to assign to the appropriate time period, 
largely because of poor reporting standards.  Without a table 
or an in-text reference to the artifact number, it is impossible 
to know which particular celt is being discussed in reference 
to a given archaeological component.  The practical effect 
for a study which uses material from many different sites is 
that some celts from well documented archaeological context 
embody no more usable information than those picked up by 
citizens in their gardens.  A similar reporting problem is 
present for other kinds of archaeological context, such as 
determining which celts were found in burials.  With enough 
effort, mainly consisting of referral to field notes and 
records, some information could be recovered, but this would 
be a lengthy task, rendered all the more frustrating because 
of its redundancy.  The failure to specify the context of 
individual artifacts, despite their discussion in the text 
continues occasionally to the present day.  Exemplary site 
reports which do give specimen numbers are present from 
the early 1960s onwards.  Known archaeological context is 
all that distinguishes a professionally collected artifact from 
its casually collected counterpart.  If this context is 
impossible, or imposingly difficult, to ascertain by 
subsequent researchers, then it is as good as lost. 
 
 

CONCLUSIONS ON THIS STUDY 
AND STUDY AREA SYSTEMATICS 

 
Had the research program as initially conceived for this study 
been realized, carefully defined types with functional, 
temporal and spatial meaning would have been created and 
defined.  One impetus for the study was to introduce 
methodological rigor to the systematics of the study area, and 
to produce a set of "integrated typologies" which would 
serve as a model for other artifact classes.  The methodology 
for the descriptive typology is believed to be suitable for 
clear communication of type boundaries within artifact 
classes otherwise difficult to categorize unambiguously, but 
which are obviously diverse.  Cluster analysis was useful as 
an aid to data exploration, and applied to an artifact class 
with a different use history, it might prove useful for creating 
a polythetic typology. 
 
It is possible to speculate which Coast Salishan artifact 
classes might be suitable for research aimed at discovering 
emic classes.  Needless to say, some emic types can, and 
have, been confidently identified using single attributes, such 
as needles and gorges.  In the absence of key diagnostic 

attributes, then as complete an exploration as possible of the 
cultural and non-cultural processes behind the artifact class is 
necessary, so that meaning can be confidently ascribed to 
any discovered types.  One of these cultural and non-cultural 
processes is the use-life cycle of a tool.  The driving force 
behind the length and intensity of any tool class use-life 
varies, but will likely include:  
 
1. The costs of manufacture of the tool, including the cost of 
the raw material and labour investment in shaping.   
 
2. The intrinsic durability of the tool, a combination of 
manufacture mode, style, and use and the non-cultural 
constraints of raw material. 
 
3.  The tool's suitability for continued use after breakage or 
attrition. 
 
4.  The nature of use and the likelihood of breakage. 
 
Some of these may be inferable for other artifact classes 
through the sort of research presented in Chapter 8.  
Preliminarily, the following classes of formed artifacts are 
expected to be little affected by their use-history: hand 
mauls; harpoon valves; barbed bone or antler harpoon heads 
and points; antler foreshafts; sinker stones and net weights; 
ground stone fish-hook shanks; ground and flaked stone 
points; labrets and earspools; beads; spindle whorls, and any 
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other artifacts which are unlikely to undergo gradual, rather 
than episodic, change in shape or size through use.  Formed 
artifacts which might be strongly influenced by their use-
history include ground slate knives; flaked stone knives; 
bone and antler wedges; bone and shell celts; bone awls, 
needles and pins; abrasive stones and saws, and any other 
artifacts prone to significant but gradual changes in size and 
shape over their lifespan. 
 
Artifacts which are quickly or expediently produced and 
discarded may or may not be subject to a uselife effect.  
Pebble tools, for example, are relatively unlikely to be 
significantly affected by use, but scrapers may be repeatedly 
modified and enter the archaeological record at a number of 
different life stages.   
 
On the one hand, ground stone celts are probably 
exceptional: it is difficult to suggest another artifact class 
more likely to be affected by long use.  Made of valuable raw 
material, laborious to manufacture, versatile, durable, and 
useful even when broken, Coast Salishan ground stone celts 
are at an extreme of highly curated functional artifacts.  On 
the other hand, they share a similar behavioural environment 
with many such tools from various parts of the world.  
Ground stone, apparently one of the simplest of 
technologies,. offers a valuable (and under-utilized) route to 
understanding important aspects of the behavioural practices 
which help shape the archaeological record.  
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APPENDIX I.  VARIABLE DEFINITIONS 
 

This appendix defines the attributes measured or recorded on 
celts from the study collection.   
 

GENERAL RECORDING 
INFORMATION 

 
The artifact is always viewed with the poll to the top.  A flat 
surface that is in the same plane as the bevel(s) is a facial 
plane, measured by length and width.  A line that bisects this 
plane from poll to bit defines the longitudinal centre axis.  A 
line that bisects this plane perpendicular to the longitudinal 
central axis is the perpendicular width axis.  A line 
perpendicular to both axes is the longitudinal thickness axis.  
On celts with a skewed or unifacial bevel, the face closer in 
thickness to the intersection of the two facets, or the face 
without a facet in the case of unifacial specimens, is the 
"front".  The opposite face is the back of the celt, and the 
sides are left and right, accordingly.  The front-back 
distinction is arbitrary on celts with a symmetrical bevel.  
These basic terms are illustrated in Figure I.1.  
 
In the following variable definitions, a mandatory variable is 
one for which an entry was required, regardless of the 
condition of the celt.  Some of these are metric, to obtain a 
minimum size for the artifact, but most are categorical and 
are filled with "unknown" when appropriate.  A conditional 
variable is only scored when the attribute is measurable. 

LOCATIONAL FIELDS 
 
These fields record where the artifact was originally found 
and at which museum or institution it can now be found. 
 
BOR  (Borden unit) (mandatory).  This is recorded as it 
appears on the artifact, even in cases of vague provenience 
because of uncontrolled collection practices.  For example, 
DghRst xx and DhRlm xx are surface collected artifacts, 
with provenience known to four and two Borden units 
respectively. Some artifacts are not labelled with a Borden 
code.  In such cases, information from records or written 
directly on the artifact is used to determine the appropriate 
recording unit.  For example, a specimen with the words 
"from Horseshoe Bay" written on one face was assigned to 
Borden unit DiRt.  Celts known only to have come from the 
study area are designated DR. 
 
STE  (archaeological site number) (mandatory).  The site 
number from which the celt comes is recorded as it appears 
on the artifact, different museums use different codes to 
indicate vague provenience.  Thus, Y and X  each indicate 
surface collected celts from unknown sites but known 
Borden units. 
 

 
Figure I.1.  Basic dimensions and nomenclature of celts. 
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ART  (artifact number) (mandatory). This is recorded 
exactly as it appears on the artifact, even if alphanumeric. 
 
OLF  (on loan from) (mandatory).  The institution which 
loaned the artifact. 
 V.  University of Victoria. 
 R.  Royal British Columbia Museum. 
 U.  Museum of Anthropology, UBC. 
 S.  SFU Museum of Archaeology. 
 A.  Alberni Valley Museum. 
 C.  Vancouver City Museum. 
 N.  Not loaned. 
 

METRIC FIELDS 
 
General.  The artifact must be parallel or perpendicular to the 
shaft of the calipers during measuring.  Measurement is with 
the tip or near the tip of the calipers as there is a notch on the 
fingers of the  calipers adjacent to the body.  As 
measurements are rounded to the nearest millimeter, a field 
was not blanked if there was a reasonable expectation that a 
measurement could be obtained that fairly reflects the 
original dimension. 
 
LMX  (maximum length) (mandatory) (Figure I.1).  
Maximum length from the poll end to the bit end, measured 
on or parallel to the longitudinal central axis of the celt or 
celt fragment. 
 
LCL  (length on centre line) (conditional) (Figure I.1). 
Length of the longitudinal central axis.  A slight deviation 
from the centre-line was allowed to enable a measurement 
that would otherwise be a blank field, if it appears likely that 
the measurement will be an accurate reflection of the 
probable true dimension.  If broken, polls were carefully 
checked for signs of the original surface.  Celts with heavy 
battering on the poll had  the LCL recorded, as the functional 
length is intact. 
 
WPO  (width at poll) (conditional)  (Figure I.1) This 
measurement is taken perpendicularly between the poll 
corners, or where the poll curvature meets sides.  Can be 
estimated in the case of moderate unilateral, or minor 
bilateral poll corner damage.  If there is an aberrant poll 
which is nonetheless shaped, such as a unilateral faceted 
corner, the measurement will reflect a judgmental placement. 
 
WBI.  (width at bit) (conditional) (Figure I.1).  This 
measurement is taken perpendicularly between the bit 
corners.  It is estimated in the case of minor bilateral or 
moderate unilateral bit corner damage.  No value is entered if 
there is substantial corner breakage, such as that entailing an 
entry of "8" on the BRK field.  In the case of an angled bit 
(in plan) then the WBI should be measured between the 
corners even if this is not perpendicular to the longitudinal 
centre axis. 
 
WVC  (width at bevel chin) (conditional) (Figure I.1).  The 
bevel chin is defined as the point of intersection of the facet 
which forms one side of the bit with the face of the celt. 

1. In the case of asymmetrical bifacial bevels, the 
measurement is taken at the bevel chin closest to the poll. 
 
2. In the case of bevel chins that do not run perpendicular to 
the length axis, the width is taken at the closest point on the 
chin to the poll.  
 
3. When the chin to be measured is rounded or irregular, the 
axis of measurement is the best estimate of where the bevel 
meets the average plane of the face. 
 
WMX  (maximum width of the celt) (mandatory).  Taken at 
right angle to the longitudinal central axis of the celt or the 
celt fragment. 
 
WFF  (width of the facet, front) (conditional) (Figure I.1). 
Where front and back facets are distinguished, the span of 
the front bevel facet on the longitudinal central axis.  On 
celts with a symmetrical bevel, the WFF/WFB distinction is 
arbitrary.  Celts with a unifacial bevel have its width 
recorded under WFB.  In a sense, this should be termed the 
facet length, as it is oriented along the length axis. 
 
WFB  (width of the facet, back) (conditional) (Figure I.1). 
Where a back facet is present, or distinguished from a front 
facet, its span on the LCL axis. 
 
TPO  (thickness of the poll) (conditional) (Figure I.1). 
Maximum thickness of the celt or celt fragment along the 
WPO axis. 
 
TVC  (thickness of the bevel chin) (conditional) (Figure I.1).  
Maximum thickness of the celt along the WVC axis. 
 
TMX  (maximum thickness of the celt) (mandatory).  
Maximum thickness of the celt or celt fragment measured at 
right angles to the longitudinal central axis. 
 
BAC  (bit arc curvature) (conditional) (Figure I.1).  
Maximum deviation of the bit from the WBI line.  Recorded 
as negative value if the bit is concave.  Notes: 
 
1. In the case of slightly damaged bit edges, the maximum 
measurable should be recorded, not an estimate based on the 
existing curvature.   
 
2. In the case of broken bit corners, the measurement cannot 
be taken.  If the damage to the bit corners is slight, then the 
WBI line may be estimated and the measurement taken, if 
the resulting measurement is judged to be a good estimate.  
corner. 
 
GRM  (Weight) (Mandatory).  Recorded to the nearest gram 
using a Mettler PC-4400  electronic balance.   
 

MEASUREMENT OF PRIMARY 
BEVEL ANGLE 

 
VTH  (bevel thickness) (conditional)  (Figure I.1).  A 
modification (Plate  I.1) was made to a pair of steel calipers, 
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based on a proposal in Dibble and Bernard (1980)  Using 
these calipers, the measurement to 0.05 mm of the thickness t 
at distance d (normally 1 cm) from the bit edge was taken 
along the longitudinal central axis, as illustrated in Plate I.2.  
A trigonometric formula, [Arctangent((t/2)/d)]*2, was used 
to convert the thickness into an angle, expressed in degrees.  
In the Quattro Pro or Lotus spreadsheet software 
applications, the appropriate formula cell entry is 
@DEGREES(@ATAN(0.5t/d))*2, where t refers to a cell 
containing the value for VTH.  For example, if t is 9.15 mm 
at a d of 10 mm, then VAP equals 49.2 degrees.  
 
In the case of absent or heavily damaged bits, the field is 
filled as "X".  If the bit is lightly damaged in the centre 
deviation towards the sides is permitted, but must be noted 
under VAN.  If the entire edge is lightly damaged, the 
estimation of d is permitted, provided this is noted under 
VTN. 
 
VAP (Bevel angle, primary) (conditional) (Figure I.1).  This 
is the product of the trigonometric formula that converts 
VTH into an angle.  It is expressed in degrees.  Exact tests of 
accuracy were not conducted, but a measurement error in 
VTH of 0.5 mm produces a change of about 0.3 degrees in 
VAP, in the case of a 50 degree bevel angle.  In the example 
above, a VTH t of 9.10 produces a VAP of 48.9 degrees, and 

a  t of 9.50 produces a VAP of 50.8 degrees.  Measurement 
error will be amplified as d is reduced.   
 
VTN (bevel thickness notes) (mandatory) (Categorical).  
Notes about the measurement of VTH were kept so that 
systematic differences in measurement procedure and 
validity could be controlled.   
 
1.  Measurement taken at d = 10 mm, bit edge intact, d is 
exact. 
2.  Measurement taken at d = 10 mm, bit edge damaged, d is 
estimated. 
3.  Measurement taken at d = 0.5 mm, bit edge intact, d is 
exact. 
4.  Measurement taken at d = 0.5 mm, bit edge damaged, d is 
estimated 
9.  Unknown d, due to breakage or serious edge damage. 
 
VAN  (bevel angle notes) (mandatory) (categorical).  These 
were recorded for the same reason as VTN, above. 
 
1.  Centre-line measurement of VTH. 
2.  Offset measurement of VTH. 
9.  Unmeasurable VTH. 
 

 
Plate I.1.  Device for measuring edge angle. 
 

 
 
Plate I.2.  Use of device for measuring edge angle. 
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VAS  (bevel angle, secondary) (mandatory)  (categorical) 
The secondary bevel angle is a narrow, deliberate facet, 
either bimarginal or unimarginal, which occurs closer to the 
bit edge than the primary facet, but is not measured by the 
VTH.  It may or may not span the entire WBI.  Ideally this 
would be precisely measured as it perhaps constitutes the 
true cutting edge angle, but it is not possible to measure this 
tiny facet accurately.  
 
7.  VAS present, either bifacial or unifacial. Recorded even if 
only a small length of it remains.   
8.  No VAS, based on a substantially complete bit edge. 
9.  Unknown, either because the bit is missing, or the bit 
edge is substantially broken (missing width, or the bit edge is 
heavily worn or crushed.  Nevertheless, even some with 
substantial edge breakage or wear can still have discernible 
VAS and should be checked. 
 
ALC  Angle of left bit corner. 
 
ARC  Angle of right bit corner. 
 
Both are measured with a pivoting T-protractor to the nearest 
5 degrees.  The rule for measurement placement was 1/4 to 
1/3 along the bit from the corner, and 1 cm poll-wards along 
the side (Figure I.1).  The aim was to measure the gross 
corner angle, not the minute detail of the rounded or faceted 
corners, which is recorded categorically under BCL and 
BCR.  In the case of broken bit corners, the field was 
blanked. In the case of deliberate angled corners that are not 
merely repaired breaks, this angle was recorded, even if it 
was "high," such as 150 degrees.  
 

CATEGORICAL VARIABLES  
 
All are mandatory fields. 
 
BRK  Nature of artifact breakage, if any. 
 
1.  A medial section or other fragment remains.  Used for 
celts that have a minimum of recordable attributes present.  
Only those fragments likely from a celt and not other 
miscellaneous ground stone artifacts were recorded.  
2.  A transverse break, the poll remains.  Used if the 
substantially entire poll remained, but none of the bit.  If the 
bit is largely gone but the bevel chin(s) are present, then it 
was coded as BRK = 8 or 9 or 10, depending on the severity 
of the damage. 
3.  A transverse break, the bit remains.  Used if the bit and 
bevel chin(s) remain, but none of the poll.  If the bevel chins 
were gone and there were few other attributes recordable, the 
bevel fragment was recorded as BRK = 1 . 
4.  A straight longitudinal break.  Roughly equal widths of 
poll and bit remain after a split parallel to the longitudinal 
thickness axis, . 
5.  A diagonal longitudinal break.  Unequal widths of poll 
and bit remain after a split angled to the longitudinal central 
axis but not intercepting the sides of the celt. 
6.  A delamination.  Use for celts that have been substantially 
reduced in thickness due to cleavage along the longitudinal 

thickness axis, but which has left the plan shape roughly 
intact.  
7.  The poll corner(s) is broken.  Coded if part of the poll is 
present, but one or both of the poll corners has broken off.  If 
there is just corner chipping, then the celt was coded as BRK 
= 10, provided there was no other damage.  If BRK = 7 then 
the field PCC was normally be coded as unknown. 
8.  The bit corner(s) is broken.  Used if part of the bit is 
present, but one or both of the bit corners is broken.  If there 
is just a minor chip or small break, then coded as BRK = 10 
or 11 if there is no other damage.  Light breaks and chips are 
coded separately in BCL and BCR. 
9.  More than one of the above breaks is present, but there 
are still more recordable attributes than justify categorizing 
as BRK = 1.  If the celt has, for example, one broken poll 
corner and one bit corner, but has the appearance of some 
completeness (i.e., at least two of the major conditional 
metric dimensions can be filled out.)  
10.  The celt is substantially complete.  Use in instances of 
light but noticeable damage, resulting in failure to complete 
at least one. but fewer than several, fields as unknown.  Very 
light chipping, small flakes off the side or poll, must be 
considered as normal for a heavy duty tool and celts with 
these traits should be coded as 11. 
11.  The celt is not broken.  Celts with no breakage, or such 
minor breakage as to be inconsequential were coded as 11.  
All fields should be recordable, or at most one minor field 
should be missing. 
12.  The celt is broken, but both parts are present, and most 
attributes are recordable.  These are usually cases where a 
museum or collector had glued the two halves together, and 
are kept separate mainly because they may reveal interesting 
information about breakage mechanics. 
 
VBF  (bevelled both faces).  This records the nature of the 
bevel: unifacial vs. bifacial.  If bifacial, a judgmental 
assessment of the degree of symmetry is made.  Skew is 
defined as lateral deplacement of the cutting edge towards 
one face or the other.  It was important to look at both sides 
of the artifact to determine this, as often the bit edge is not 
parallel to the TCL, and a symmetrical midpoint on one side 
can wander off to be skewed on the other.  In the case of 
these diagonal bit edges, VBF was coded as the lesser skew, 
i.e., if it is 1/3 skew on one side but symmetrical on the 
other, VBF = 1.  If the skew was 2/3 and 1/3, VBF = 2.  
However, if the edge was a 2/3 skew over most of the bit, but 
veered off close to the edge to a 1/3 skew, then VBF was 
coded as 3.  If the edge is broken to the extent that skew 
cannot be determined, but the bevel chin is present, code as 
4.  If a bit corner is missing, skew may or may not be 
determinable.  When coding 8, few if any are truly unifacial, 
but there is usually  obvious distinction between the 2/3 skew 
and the almost totally unifacial bevel. The latter have just a 
VAS or a slight rounding in towards the edge, with the bit 
edge about 90 or 95 % towards one face or the other.  Thus 
the following categories were distinguished, 
 
1.  Bevelled both faces, symmetrical midpoint.   
2.  Bevelled both faces, slight (1/3) skew. 
3.  Bevelled both faces, high (2/3) skew. 
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4.  Bevelled both faces, unknown skew. 
8.  Unifacial bevel. 
9.  Unknown skew due to breakage. 
 
SPL  (side shape in plan).  The side plan shape refers to the 
relationship between the two sides, between the bevel chin 
and the poll corners.  
 
1.  Straight symmetrical sides. Deliberately straight sides that 
are symmetrical relative to each other and to the longitudinal 
central axis.  Straight sides can include sawcut sides that 
have an irregular fracture ridge, and straight flaked sides. 
2.  Straight asymmetrical sides, i.e., they taper asymmetric-
ally relative to the longitudinal central axis. 
3.  Excurvate sides.   
4.  One excurvate side, other side straight.  This is often the 
case with celts having a unilateral sawcut. 
5.  Deliberately waisted or stemmed sides 
7.  Other.  Other side plans, including highly irregular ones, 
and those with flaked side(s) that are not straight.  
9.  Unknown.  Used when there is insufficient integrity to 
determine the shape of both sides, or one entire side is 
missing. 
 
SLX  Body shape in longitudinal cross-section, along LCL, 
between WVC and WPO.  This does not refer to the 
transverse shape of the facial planes, although empirically it 
is difficult to ignore a strongly curved x-section.  
 
1.  Parallel faces. 
2.  Faces taper from bevel chin to poll. 
3.  Faces taper to bevel chin from poll. 
4.  Faces taper to poll and bevel chin. 
5.  Other.  Irregular shaped, flaked, etc. 
6.  Plano-convex.  One face distinctly flat, the other tapers to 
poll and bevel chin. 
7.  hafting notch(es).  These are distinct transverse notches or 
grooves perpendicular to the longitudinal central axis. 
9.  Unknown, due to breakage.  In some cases of minor or 
moderate breakage, other codes may be used if there is 
confident assessment possible. 
 
STX  Faces in transverse cross section.  This is determined at 
the midpoint on the longitudinal central axis.  In the case of 
broken specimens, an STX that is not immediately adjacent 
to the bevel chin or poll is acceptable, if there is an 
expectation that it is representative.  The faces are considered 
to be the area between the edges.  However, in the case of 
longitudinal marginal facets, the face is the area between the 
facets, and the side is coded as either 4 or 5 in the next field. 
 
1.  Flat, parallel faces. 
2.  Flat faces converge towards one side 
3.  Evenly dual excurvate faces. 
4.  Unevenly dual excurvate: notably asymmetrically curved, 
or convergent, faces. 
5.  Blank. 
6.  Plano-convex - central peak to the "hump". 
7.  Skewed plano convex - the "hump" is offset, or the faces 
converge to one side. 

8.  Highly irregular, usually used in the case of roughly sawn 
or flaked faces. 
11. Other regular shape. 
99. Unknown due to breakage. 
 
XSL/XSR  Right and left side shape in transverse cross 
section. 
 
1.  Flat, straight, square.  This category, and the one 
following, can accommodate a certain amount of side 
curvature, "bulging", provided that the side/face intersection 
is cleanly defined. 
2.  Flat, straight, not square (angled) 
3.  Rounded side, This category accommodates celts with a 
strong bulge and a clean intersection with the face, and those 
which "wrap around" from a curved face or facial margin. 
4.  Deliberate facet.  Unifacial facet that is not the unrepaired 
by product of sawing the side.  The actual side edge may be 
flat or somewhat rounded.  In the case of a rounded side, 
with poorly defined facets, the SLX should probably be 
coded as 3, 4, 6 or 7, and the LSX/LRX as 3 
5.  Deliberate facets  Bifacial facets, as above. 
6.  Sawcut If there is a raw sawcut side, with no indication of 
what the finished shape might have been. 
8.  Irregular 
11. Other, deliberately shaped, side. 
99.  Unknown 
 
PSP  Poll shape in plan.  A qualitative assessment of the poll 
shape in plan, not including the poll corners.  
 
1. Slightly convex span between corners. 
2. Very convex span between corners. 
3. Straight span, square to longitudinal central axis 
4. Straight span diagonal to longitudinal central axis 
7. Other deliberate shape, such as sinuous or concave. 
8. Pointed/extreme taper 
11. Irregular shape, unfinished or repaired. 
99. Unknown because of breakage. 
 
PTX  Poll shape in transverse cross section.  The shape of 
the poll in cross section between the poll corners.  The large 
number of categories were established in the hope they 
would help infer hafting method, but hey proved to be 
unwieldy and difficult to distinguish. 
 
1. Rectangular or square. 
2. Quadrangular. 
4. Trapezoidal. 
5. Ovoid. 
6. Lenticular. 
7. Flattened oval. 
8. (Blank). 
9. Faceted corners, otherwise quadrangular. 
10. Highly irregular. 
11. Sided plano-convex. 
99. Unknown. 
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PLX  Shape of the poll in cross section along the 
longitudinal central axis. 
 
1. Parallel faces, or tapering faces continue evenly. 
2. Bifacially tapered or facets in poll area only. 
3. Unifacially tapered or faceted in poll area only. 
4. Other or irregular shape in cross section. 
5. Sharpened to bit-like extent, in effect a double bitted tool.   
9. Unknown, due to breakage. 
 
BSP  Bit shape in plan.  A qualitative assessment of the bit 
shape in plan, to supplement BAC and add further 
information. 
 
1. Straight and square.  The bit joins the two bit corners by a 
straight line, perpendicular to the longitudinal central axis. 
2. Straight and diagonal. The bit joins the two bit corners by 
a straight line, angled to the longitudinal central axis. 
3. Slightly convex.  The line joining the bit corners is slightly 
excurvate but is square to the longitudinal central axis. 
4. Moderately convex.  The line joining the bit corners is 
somewhat excurvate. 
5 Very convex.  The line joining the bit corners is extremely 
excurvate, the BAC being close to the celt width. 
6. Convex/diagonal.  The line joining the bit corners is any 
degree of excurvation, and angled to the longitudinal central 
axis 
7. Pointed.  The bit converges to a point. 
8. Other.  Any other deliberate shape of bit, including ones 
concave in plan. 
9. Unknown, due to breakage. 
 
VLX  Bevel chin shape in longitudinal cross section.  The 
bevel chin is categorized as either rounded or faceted.  In the 
former, the bevel wraps around smoothly to join the face of 
the celt.  In the latter the two join to form a discrete 
intersection.  This attribute was usually recorded with the aid 
of a light to one side to highlight the intersection of the two 
planes.  
 
1. single bevel, chin faceted. 
2. single bevel, chin rounded. 
3. double bevel,  chins faceted. 
4. double bevel,  rounded chin 
5. double bevel, front chin rounded, back chin faceted.  
6. double bevel, front chin faceted, back chin rounded. 
7. symmetrical double bevel, chins are different. 
8. other bevel chin shape. 
9. Unknown due to breakage. 
 
VTX  Bevel shape in transverse cross section. 
 
3. Straight, relative to facial plane. 
4. Scooped: convex, relative to facial plane. 
5. Recurved/sinuous: curved both ways relative to facial 
plane. 
6. Scooped, gouge: convex relative to front facial plane. 
9. Unknown (broken). 
 
BCL  Shape of the left bit corner; 

BCR  Shape of the right bit corner.  This is a qualitative 
assessment of the junction of the side and the bit.  Both are 
assessed in plan view. 
 
1. Squared or clean angle. A clean intersection between two 
straight lines (side and bit) or between a straight line and a 
curved line. 
2. Rounded or cut angle. The junction of bit and side wraps 
around, or consists of a joining facet. 
3. Broken and repaired.  The corner has been broken, but the 
break scar has been ground smooth and use has continued. 
4. Lightly chipped corner.  The actual junction of side and bit 
is obscured by a small break, but not to the extent of coding 
BRK = 8. 
9. Unknown (broken).  This is used if BRK = 8 or if the celt 
is otherwise severely broken. 
 
SAW  Sawn sides present.  Sawn sides are recorded when 
the distinct signs of sawing through the thickness of the celt 
are present.  A coarse fracture ridge has no sign of attempts 
to smooth the rough surface caused by the snapped central 
portion.  A smoothed fracture ridge has had some attempt to 
smooth this ridge, and can range from relatively rough to 
completely smooth.  No saw marks are recorded if there is a 
lack of unequivocal evidence for sawing.  Presence of 
faceted sides in cross section (XSR/L = 4,5) is not 
unequivocal evidence. 
 
1.  Saw marks on one side, coarse fracture ridge. 
2.  Saw marks on one side, smoothed fracture ridge. 
3.  Saw marks on both sides, coarse fracture ridges. 
4.  Saw marks on both sides, smoothed fracture ridges. 
5.  Saw marks on both sides, mixed fracture ridges. 
7.  Saw marks on one side, other side unknown. 
8.  No saw marks on either side. 
9.  Unknown, because of breakage. 
 
UPO  Use wear attributes visible on the poll 
 
1.  Light battering 
2.  Heavy battering, involving most of the poll surface and 
leaving little are polished or smooth. 
3.  Chipping of the poll margins.  This may or may not be the 
result of being struck. 
4.  Other use wear, such as polish or striations of the poll 
edges 
8.  No use wear on the poll. 
9.  Unknown because of breakage 
 
FIN  Qualitative assessment of the degree of polish, as 
reflected in the level of intentional polish on a scale of 
1 to 5.  This is independent of manufacturing marks or 
breakage. 
 
1. all polished, highly glossy, no striations visible. 
2. partially polished, patchy high gloss 
3. moderately glossy. 
4. smoothed, but not glossy 
5. coarse/rough, usually due to flake or peck marks. 
9. unknown 
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QMF  The quality of manufacture, on a scale of 0 to 9.  Each 
celt was given from 0 to 3 points in three categories: 
 
1.  Evidence of manufacturing marks. 
2.  Symmetry of the body in plan and section. 
3.  Polish and finish of the surface 
 
RAW  Raw material of the celt.  These categories are 
somewhat descriptive, and not based on strictly geological 
classification.  As Beck (1981,1984) notes, nephrites are 
among the most difficult minerals for laymen to identify.  
Among archaeological specimens, the already diverse 
appearance of nephrite may be altered by patination or 
burning.  Scratch tests were not used.  Hanson (1973) scratch 
tested a number artifacts and confirmed them to be nephrite.  
Examination of these during the current study revealed that 
these could vary from pale white through green and yellow 
to mottled black and black.  The main distinctions used in 
this study are: 
 
1. Luminous green nephrite is typically a pale, mottled green 
and seems to glow around the edges.   
2. Pale matte green nephrite has a dull opaque look, but 
otherwise a gem-like appearance. 
3.  Green nephrite is relatively unmottled, dark grass green, 
with occasional flecks of black. 
4.  Black nephrite refers to the very dark or black nephritic 
material that contains small mottles or inclusions of green or 
grey.  This mottled appearance, within a predominantly black 
material, distinguishes this material from the fine grained 
black basalts.  Most of this material is probably patinated 
mottled green nephrite. 
5.  Mottled green nephrite.  Green or black nephrites that 
present a swirly or mottled appearance, with no one colour or 
tone dominating.  The most common variety. 
6.  Mottled light nephrite.  A variety of light green, tan, and 
grey nephrites that present an evenly mottled appearance. 
7.  Pale nephrite.  A distinctive pale yellow/grey or white 
material that has the appearance of animal fat.  AS true 
"muttonfat" nephrite is extremely rare in B.C. (Leaming 
1978), some of this material may be burnt "chicken bone" 
nephrite, as discussed in the text. 
8.  Basalt.  Black or grey, coarse or fine.  Some of the 
exceptionally dark black basalt, which takes a deep polish, 
may actually be a patinated green nephrite. 
9.  Slate. 
10.  Sandstone. 
11.  Greenstone.  The fine grained pale matte-green 
metamorphosed siltstone or "welded tuff" commonly referred 
to as greenstone. 
14. Porphyry.  Fine grained raw material with regular 
inclusions of a less fine grained material, typically black 
basalt with small, white snowflake inclusions. 
15.  Red jasper or nephrite.  A muddy red mottled material of 
superior quality; if nephrite it is likely burnt. 
16.  Unidentified white material.  A distinctly chalky white 
material, which has the appearance of dry bone.  As 
discussed in the text, most is probably heat-treated semi-
nephrite. 
17.  Granite 

18.  Quartzites.   
19.  Unidentified venous material.  A distinctly veined 
black/grey and white rock, probably a variety of basalt with 
quartz intrusions. 
21.  Yellow or deep orange banded nephrite.  This is 
probably heat altered green nephrite. 
95.  Unknown raw material. 
 
BRN 
 
7. Burnt, obvious signs of having been exposed to direct heat 
(not based on colour change alone)  
8. Not Burnt 
9. Unknown (if fragmentary specimen) 
 
GRV  Body grooving.  Body grooving is defined as 
deliberate sawcuts into the body of the celt, usually 
longitudinally on a face or faces.  These are apparently not 
byproducts of the manufacturing process.  The attribute is 
recorded because, while rare, it may have implications for 
the use-life cycle, or for hafting. 
 
1.  Unifacial longitudinal groove. 
2.  bifacial longitudinal groove. 
3.  other grooving 
8.  not grooved 
9.  unknown 
 
 
MODIFICATIONS AND RECODINGS 

FOR THE CLUSTER ANALYSIS 
 
The following attributes were recoded. 
 
SSD  6 merges with 4. 
 
XSL and XSR merge into a single variable XSS (cross-
section shape of both sides) with the following values: 
 
1.  Both sides flat, straight, square 
2.  The sides are two different but deliberate shapes. 
3.  Both sides are rounded. 
4.  Both sides have a longitudinal facet or facets. 
6.  Both sides are sawcut. 
7.  Both sides are an "other" deliberate shape or rough. 
8.  One side is sawcut. 
9.  Unknown because of breakage to at least one side. 
 
PTX  2 and 4 merge with 1; 5, through 8 are recoded as 2;  
9 is recoded as 3;10 is recoded as 5;11 is recoded as 4.   
 
BCL and BCR merge into BCB (characteristics of both bit 
corners), with the following values: 
 
1. Both corners square/clean angle. 
2. Both corners rounded/cut angle. 
3. Both corners lightly broken or chipped. 
4. One rounded/one square corner. 
5. One square, one lightly broken corner. 
6. One rounded, one lightly broken corner. 
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7. Both are badly broken. 
9. Unknown because of major breakage. 
 
SAW  2 merges with 1; 4,5 merge with 3; 7 merges with 9. 
 
PFF and PFB merge to form FPF (manufacturing method of 
preform, faces) with the following values: 
 
1. Both faces have slight evidence of pecking or flaking. 
2. At least one face has definite evidence of flaking. 
3. At least one face has definite evidence of pecking. 
4. At least one face has definite evidence of sawing. 
5. Both faces are preformed by splitting. 
6. At least one face shows pebble cortex. 
7. The celt is made on a flake. 
8. No evidence for the preform technique on either face. 
9. Both faces are of unknown preform technique: broken. 
 
PFL and PFR merge to form a new variable, SPF (preform 
technique used for both sides), with the following values: 
 
1. Both sides have slight evidence of pecking or flaking. 
2. At least one side has definite evidence of flaking. 
3. At least one side has definite evidence of pecking. 
4. At least one side has definite evidence of sawing. 
5. Both sides are preformed by splitting. 
6. At least one side shows pebble cortex. 
7. The celt is made on a flake. 
8. No evidence for the preform technique on either side. 
9. Both sides are of unknown preform technique: broken. 
 
UPO  2 merges with 1; 3,4 merge with 8. 
 
RAW  2,3 merge with 1; 6 merges with 5; 9 through 99 are 
recoded as 12 ("other"). 
 
The following attributes were created or synthesized for the 
cluster analysis, and were used in other applications. 
 
DAC   difference between bit corner angles: the absolute 
difference between ALC and ARC. 
 
LWR  The length to width ratio: LCL/WVC. 
 
LTR  The length to thickness ratio: LCL/TVC. 
 
WTR  The width to thickness ratio: WVC/TVC. 
 
TTR  The thickness taper ratio: (TVC/TPO)*LCL. 
 
WWR  The width taper ratio: (WVC/WPO)*LCL. 
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APPENDIX II.  DATA SUMMARY 
 

INTRODUCTION 
 
This appendix presents a brief, variable by variable, overview of the data recorded during the course of this study.  Sample size 
is 1,464, omitting the 32 fragmentary specimens that were also absent from the use-life study (Chapter 9).  Attributes are 
presented as originally recorded, prior to collapse of categories in pursuit of special purpose typological goals, or any other 
reason.  
 
In the summaries of continuous variables, two less familiar statistics are presented: 
 
Skewness is an index of the asymmetry of the frequency distribution.  A normal distribution is symmetric about the midpoint, 
and scores zero for skewness.  A positive value of skewness indicates a rightward tail, a negative value a leftward tail. 
 
Kurtosis is an indicator of the "peakedness" of a unimodal frequency distribution.  Again, a normal distribution will score zero.  
If the peak is steeper than in a normal distribution and hence the tails are lighter because of fewer outlying cases a negative 
kurtosis value is recorded, and vice versa. 
 
Taken together, skewness and kurtosis help assess whether a variable is normally distributed.  Both statistics were calculated 
using SPSSPC 4.0.  The formulas used are not available. 
 
In the summaries of the categorical variables, the heading "value label" refers to the state of the attribute as defined in 
Appendix 1, whereas the heading "value" refers to the numerical code for that attribute state as used in data processing.   
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CONTINUOUS VARIABLES 
 

 
Variable LMX:  Maximum length. 
 
Mean   64.835 S.E. Mean .747 
Std Dev   28.583 Variance 816.969 
Kurtosis   7.664 S.E. Kurt .128 
Skewness   1.945 S.E. Skew .064 
Range   271.000 Minimum 14.0 
Maximum   285.0  
 
Valid Observations  1464. Missing Observations 0 

 
 

Variable LCL:  Length along centre line. 
 
Mean   67.370 S.E. Mean .968 
Std Dev   30.289 Variance 917.397 
Kurtosis   8.119 S.E. Kurt .156 
Skewness   2.095 S.E. Skew .078 
Range   265.000 Minimum 20.0 
Maximum   285.0  
 
Valid Observations  979 Missing Observations 485 
 
 
Variable WPO:  Width at poll. 
 
Mean   28.712 S.E. Mean .333 
Std Dev   10.975 Variance 120.440 
Kurtosis   .533 S.E. Kurt .148 
Skewness   .722 S.E. Skew .074 
Range   73.000 Minimum 4.0 
Maximum   77.0  
 
Valid Observations  1084 Missing Observations 380 
 
 
Variable WBI:  Width at bit. 
 
Mean   35.105 S.E. Mean .454 
Std Dev   14.226 Variance 202.386 
Kurtosis   -.228 S.E. Kurt .156 
Skewness   .525 S.E. Skew .078 
Range   82.000 Minimum 4.0 
Maximum   86.0 
 
Valid Observations  980 Missing Observations 484 
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Variable WVC:  Width at bevel chin. 
 
Mean   36.562 S.E. Mean .399 
Std Dev   13.478 Variance 181.664 
Kurtosis   -.115 S.E. Kurt .145 
Skewness   .563 S.E. Skew .072 
Range   77.000 Minimum 6.0 
Maximum   83.0 
 
Valid Observations  1142 Missing Observations 322 
 
 
Variable WMX:  Maximum width. 
 
Mean   37.138 S.E. Mean .359 
Std Dev   13.704 Variance 187.807 
Kurtosis   -.029 S.E. Kurt .128 
Skewness   .594 S.E. Skew .064 
Range   83.000 Minimum 3.0 
Maximum   86.0 
 
Valid Observations  1460 Missing Observations 4 
 
 
Variable WFF:  Length of the front facet. 
 
Mean   15.307 S.E. Mean .242 
Std Dev   7.611 Variance 57.924 
Kurtosis   2.950 S.E. Kurt .155 
Skewness   1.242 S.E. Skew .078 
Range   58.000 Minimum 2.0 
Maximum   60.0 
 
Valid Observations  991 Missing Observations 473 
 
 
Variable WFB:  Length of the back facet. 
 
Mean   18.027 S.E. Mean .244 
Std Dev   8.337 Variance 69.510 
Kurtosis   7.903 S.E. Kurt .143 
Skewness   1.614 S.E. Skew .072 
Range   93.000 Minimum 2.0 
Maximum   95.0 
 
Valid Observations  1169 Missing Observations 295 
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Variable TPO:  Thickness at the poll. 
 
Mean   10.194 S.E. Mean .109 
Std Dev   3.672 Variance 13.484 
Kurtosis   3.024 S.E. Kurt .145 
Skewness   .766 S.E. Skew .073 
Range   35.000 Minimum 1.0 
Maximum   36.0 
 
Valid Observations  1134 Missing Observations 330 
 
 
Variable TVC:  Thickness at the bevel chin. 
 
Mean   11.936 S.E. Mean .111 
Std Dev   3.853 Variance 14.848 
Kurtosis   .485 S.E. Kurt .141 
Skewness   .049 S.E. Skew .071 
Range   26.000 Minimum 2.0 
Maximum   28.0 
 
Valid Observations  1199 Missing Observations 265 
 
 
Variable TMX:  Maximum thickness. 
 
Mean   13.364 S.E. Mean .105 
Std Dev   4.011 Variance 16.092 
Kurtosis   1.663 S.E. Kurt .128 
Skewness   .383 S.E. Skew .064 
Range   33.000 Minimum 3.0 
Maximum   36.0 
 
Valid Observations  1461 Missing Observations 3 
 
 
Variable BAC:  Bit arc curvature. 
 
Mean   2.174 S.E. Mean .078 
Std Dev   2.351 Variance 5.528 
Kurtosis   3.883 S.E. Kurt .162 
Skewness   1.632 S.E. Skew .081 
Range   15.000 Minimum .0 
Maximum   15.0 
 
Valid Observations  914 Missing Observations 550 
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Variable VAP:  Primary bevel angle. 
 
Mean   51.645 S.E. Mean .306 
Std Dev   10.495 Variance 110.146 
Kurtosis   .514 S.E. Kurt .142 
Skewness   .357 S.E. Skew .071 
Range   75.468 Minimum 14.5 
Maximum   90.0 
 
Valid Observations  1179 Missing Observations 285 
 
 
Variable ALC:  Angle of the left bit corner. 
 
Mean   93.792 S.E. Mean .360 
Std Dev   11.691 Variance 136.680 
Kurtosis   7.532 S.E. Kurt .150 
Skewness   -.030 S.E. Skew .075 
Range   145.000 Minimum 5.0 
Maximum   150.0 
 
Valid Observations  1057 Missing Observations 407 
 
 
Variable ARC:  Angle of the right bit corner. 
 
Mean   93.940 S.E. Mean .354 
Std Dev   11.415 Variance 130.313 
Kurtosis   4.682 S.E. Kurt .151 
Skewness   .390 S.E. Skew .076 
Range   136.000 Minimum 9.0 
Maximum   145.0 
 
Valid Observations  1042 Missing Observations 422 
 
 
Variable GRM:  Weight in grams. 
 
Mean   66.629 S.E. Mean 1.698 
Std Dev   64.936 Variance 4216.698 
Kurtosis   12.387 S.E. Kurt .128 
Skewness   2.812 S.E. Skew .064 
Range   639.000 Minimum 1.0 
Maximum   640.0 
 
Valid Observations  1462 Missing Observations 2 
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Variable WTR:  Width to thickness ratio (WVC/TVC). 
 
Mean   3.269 S.E. Mean .041 
Std Dev   1.365 Variance 1.864 
Kurtosis   4.404 S.E. Kurt .146 
Skewness   1.552 S.E. Skew .073 
Range   12.167 Minimum .83 
Maximum   13.00 
 
Valid Observations  1127 Missing Observations 337 
 
 
Variable LWR:  Length to width ratio (LCL/WVC). 
 
Mean   1.939 S.E. Mean .029 
Std Dev   .873 Variance .763 
Kurtosis   12.986 S.E. Kurt .161 
Skewness   2.469 S.E. Skew .080 
Range   9.756 Minimum .49 
Maximum   10.25 
 
Valid Observations  926 Missing Observations 538 
 
 
Variable LTR:  Length to thickness ratio (LCL/TVC). 
 
Mean   6.029 S.E. Mean .100 
Std Dev   3.095 Variance 9.581 
Kurtosis   9.362 S.E. Kurt .158 
Skewness   2.451 S.E. Skew .079 
Range   26.511 Minimum 1.89 
Maximum   28.40 
 
Valid Observations  956 Missing Observations 508 
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CATEGORICAL VARIABLES 
 
 
BRK: Breakage Pattern. 
 
Value Label Value Frequency Percent 
 
Fragment 1 37 2.5 
Poll fragment 2 141 9.6  
Bit fragment 3 199 13.6  
Straight Long.  split 4 16 1.1  
Diagonal Long.  split 5 8 .5  
Delaminated 6 19 1.3  
Poll corner broken 7 82 5.6  
Bit corner broken 8 134 9.2  
More than one above 9 90 6.1  
Substantially complete 10 298 20.4  
Complete 11 433 29.6  
Broken, both halves present 12 7 .5  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
VBF: Unifacial or bifacial bevel, and skew. 
 
Value Label Value Frequency Percent 
 
Symmetrical Bifacial 1 414 28.3  
Slight skew 2 353 24.1  
Strong skew 3 240 16.4  
Unknown bifacial 4 45 3.1  
Unifacial 8 196 13.4  
Unknown (mostly poll frags.) 9 216 14.8  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
SSD: Shape of the body sides in plan. 
 
Value Label Value Frequency Percent  
 
Straight, symmetrical 1 539 36.8  
Straight, asymmetrical 2 118 8.1  
Excurvate sides 3 215 14.7  
One excurvate/one straight 4 261 17.8  
Waisted or stemmed 5 32 2.2  
Other, irregular 7 74 5.1  
Unknown 9 225 15.4  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
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SLX: Body shape in longitudinal cross-section. 
 
Value Label Value Frequency Percent  
 
Parallel faces 1 603 41.2  
Face(s) taper pollwards 2 378 25.8  
Face(s) taper bitwards 3 115 7.9  
Plano-convex 4 82 5.6  
Other 5 20 1.4  
Hafting grooves 7 5 .3  
Unknown 9 261 17.8  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
STX: Faces in transverse cross section. 
 
Value Label Value Frequency Percent  
 
Flat, parallel 1 517 35.3  
Flat, converge to one side 2 249 17.0  
Evenly dual excurvate 3 134 9.2  
Skewed dual excurvate 4 101 6.9  
Plano-convex 6 178 12.2  
Skewed Plano convex 7 91 6.2  
Highly irregular 8 52 3.6  
Unknown 9 118 8.1  
Other (regular) 11 24 1.6  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
XSL: Cross section shape of left side. 
 
Value Label Value Frequency Percent  
 
Flat, straight, square 1 494 33.7  
Flat, straight, angled 2 49 3.3  
Rounded 3 323 22.1  
Deliberate facet 4 99 6.8  
Deliberate facets 5 126 8.6  
Sawcut (final shape unkown) 6 207 14.1  
Other deliberate shape 7 7 .5  
Rough or flaked 8 108 7.4  
Unknown 9 51 3.5  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
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XSR: Cross section shape of right side. 
 
Value Label Value Frequency Percent  
 
Flat, straight, square 1 499 34.1  
Flat, straight, angled 2 45 3.1  
Rounded 3 289 19.7  
Deliberate facet 4 91 6.2  
Deliberate facets 5 117 8.0  
Sawcut (final shape unknown) 6 233 15.9  
Other deliberate shape 7 7 .5  
Rough shaped or flaked 8 112 7.7  
Unknown 9 71 4.8  
  ------------ ------------  
 Total 1464 100.0 1 
Valid cases 1464  Missing cases 0 
 
 
PSP: Poll shape in plan. 
 
Value Label Value Frequency Percent  
 
Slightly convex 1 441 30.1  
Very convex 2 78 5.3  
Straight/square 3 315 21.5  
Straight/diagonal 4 114 7.8  
Other deliberate shape 7 28 1.9  
Pointed or high taper 8 13 .9  
Irregular/unfinished 11 60 4.1  
Unknown 99 415 28.3  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
PCC: Shape of the poll corners 
 
Value Label Value Frequency Percent  
 
Rounded 1 305 20.8  
Squared 2 338 23.1  
Faceted 3 39 2.7  
Mixed or irregular 4 169 11.5  
Notched 5 5 .3  
One angled corner 7 167 11.4  
Unknown 9 441 30.1  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
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PLX: Poll in longitudinal cross section. 
 
Value Label Value Frequency Percent  
 
Parallel faces 1 544 37.2  
Bifacial taper or facets 2 189 12.9  
Unifacial taper or facets 3 267 18.2  
Other/irregular 4 16 1.1  
Sharpened like bit 5 18 1.2  
Unknown 9 429 29.3  
  ------------ ------------  
 Total 1463 100.0  
Valid cases 1463  Missing cases 1 
 
 
PTX: Poll in transverse cross section. 
 
Value Label Value Frequency Percent  
 
Rectangualar/square 1 230 15.7  
Quadrangular 2 309 21.1  
Trapezoidal 4 7 .5  
Oval 5 18 1.2  
Lenticular 6 6 .4  
Rounded sides 7 185 12.6  
"Arc" 8 2 .1  
Faceted 9 125 8.5  
Highly irregular 10 119 8.1  
Sided plano-convex 11 68 4.6  
Unknown 99 395 27.0  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
BSP: Bit shape in plan. 
 
Value Label Value Frequency Percent  
 
Straight/square 1 231 15.8  
Straight/diagonal 2 165 11.3  
Slightly convex 3 398 27.2  
Moderately convex 4 80 5.5 
Very convex 5 40 2.7 
Convex/diagonal 6 123 8.4 
Pointed 7 2 0.1  
Other deliberate shape 8 13 0.9  
Unknown 9 411 28.1 
  ------------ ------------  
 Total 1463 100.0  
Valid cases 1463  Missing cases 1 
 



Appendix II 

 101 

 
VLX: Bevel chin shape in longitudinal cross section. 
 
Value Label Value Frequency Percent  
 
Single faceted 1 91 6.2  
Single rounded 2 96 6.6  
Faceted/faceted 3 483 33.0  
Rounded/rounded 4 363 24.8  
Front rounded 5 108 7.4  
Front faceted 6 43 2.9  
Symmetrical but different 7 37 2.5  
Other 8 15 1.0  
Unknown 9 226 15.4  
  ------------ ------------ 
 Total 1462 100.0 
Valid cases 1462  Missing cases 2 
 
 
VTX: Cutting edge, end on view. 
 
Value Label Value Frequency Percent  
 
Straight 3 570 38.9  
Scooped/gouge 4 263 18.0  
Sinuous/recurved 5 138 9.4  
Unknown 9 491 33.5  
  ------------ ------------  
 Total 1462 100.0  
Valid cases 1462  Missing cases 2 
 
 
BCL: Shape of left bit corner. 
 
Value Label Value Frequency Percent  
 
Square/clean angle 1 459 31.4  
Rounded/cut angle 2 370 25.3  
Broken and repaired 3 26 1.8  
Lightly chipped 4 268 18.3  
Unknown (bad break) 9 341 23.3  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
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BCR: Shape of right bit corner. 
 
Value Label Value Frequency Percent  
 
Square/clean angle 1 453 30.9  
Rounded/cut angle 2 372 25.4  
Broken and repaired 3 23 1.6  
Lightly chipped 4 256 17.5  
Unknown (bad break) 9 360 24.6  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
SAW: Description of lateral sawmarks. 
 
Value Label Value Frequency Percent  
 
Unilateral/coarse ridge 1 114 7.8  
Unilateral/smooth ridge 2 318 21.7  
Bilateral, coarse 3 7 .5  
Bilateral, smoothed 4 53 3.6  
Bilateral, mixed 5 28 1.9  
One side, other side unknown 7 7 .5  
No lateral saw marks 8 870 59.4  
Unknown (broken) 9 67 4.6  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
PFF: Method inferred for front preform manufacture. 
 
Value Label Value Frequency Percent  
 
Pecked or flaked 1 317 21.7  
Clearly flaked 2 135 9.2  
Clearly pecked 3 37 2.5  
Sawn 4 40 2.7  
Split 5 38 2.6  
Made on a pebble 6 8 .5  
Made on a flake 7 18 1.2  
No evidence of preform 8 825 56.4  
Unknown (broken) 9 46 3.1  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
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PFB: Method inferred for back preform manufacture. 
 
Value Label Value Frequency Percent  
 
Pecked or flaked 1 322 22.0  
Clearly flaked 2 149 10.2  
Clearly pecked 3 40 2.7  
Sawn 4 31 2.1  
Split 5 52 3.6  
Made on a pebble 6 7 .5  
Made on a flake 7 19 1.3  
No evidence of preform 8 780 53.3  
Unknown (broken) 9 63 4.3  
  ------------ ------------  
 Total 1463 100.0  
Valid cases 1463  Missing cases 1 
 
 
PFL: Method inferred for manufacture of left side preform. 
 
Value Label Value Frequency Percent  
 
Pecked or flaked 1 101 6.9  
Clearly flaked 2 83 5.7  
Clearly pecked 3 11 .8  
Sawn 4 312 21.3  
Split 5 22 1.5  
Made on a pebble 6 4 .3  
Made on a flake 7 18 1.2  
No evidence of preform 8 856 58.5  
Unknown (broken) 9 57 3.9  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
PFR: Method inferred for manufacture of right side preform. 
 
Value Label Value Frequency Percent  
 
Pecked or flaked 1 115 7.9  
Clearly flaked 2 92 6.3  
Clearly pecked 3 15 1.0  
Sawn 4 303 20.7  
Split 5 25 1.7  
Made on a pebble 6 3 .2  
Made on a flake 7 17 1.2  
No evidence of preform 8 818 55.9  
Unknown (broken) 9 76 5.2  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464 Missing cases 0 
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UPO: Description of use-wear on poll. 
 
Value Label Value Frequency Percent  
 
Light battering 1 179 12.2  
Heavy battering 2 170 11.6  
Chipping 3 357 24.4  
Other (polish or striated) 4 18 1.2  
None 8 499 34.1  
Unknown (broken) 9 241 16.5  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
QMF: Quality of manufacture (see Appendix 1. for criteria). 
 
Value Label Value Frequency Percent  
 
Extremely poor 1 7 .5  
Poor 2 36 2.5  
Well below average 3 120 8.2  
Below average 4 270 18.4  
Average 5 430 29.4  
Above average 6 396 27.0  
Well above average 7 169 11.5  
Outstanding 8 36 2.5  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
BRN: Burnt. 
 
Value Label Value Frequency Percent  
 
Obviously burnt 7 46 3.1  
Not burnt 8 1418 96.8  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
 
 
GRV: Description of body groove, if any. 
 
Value Label Value Frequency Percent  
 
Unifacial, longitudinal 1 14 1.0  
Bifacial, longitudinal 2 7 .5  
Other 3 3 .2  
Not grooved 8 1429 97.6  
Unknown (broken) 9 11 .8  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
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VAS: Secondary bevel angle presence and absence. 
 
Value Label Value Frequency Percent  
 
Present 7 389 26.6  
Absent 8 715 48.8  
Unknown 9 359 24.5  
  ------------ ------------  
 Total 1463 100.0  
Valid cases 1463  Missing cases 1 
 
 
RAW: Raw material used in manufacture. 
 
Value Label Value Frequency Percent  
 
Luminous nephrite 1 112 7.7  
Matte green nephrite 2 53 3.6  
Green nephrite 3 10 .7  
Black mottled nephrite 4 210 14.3  
Green mottled nephrite 5 489 33.4  
Light mottled nephrite 6 76 5.2  
Muttonfat or burnt nephrite 7 44 3.0  
Basalt 8 74 5.1  
Slate 9 52 3.6  
Sandstone 10 10 .7  
Greenstone 11 23 1.6  
Porphyry 14 10 .7  
Jasper/burnt red nephrite 15 8 .5  
Chicken bone nephrite 16 72 4.9  
Granitic 17 3 .2  
Quartzite 18 21 1.4  
Venous grey material 19 30 2.0  
Orange/red mottled nephrite 21 9 .6  
Unknown/unidentified 95 158 10.8  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
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BOR: Borden unit(s) of origin of the 
celt. 
 
 
Unit Frequency Percent  
 
DR 19 1.3  
DbRv 2 .1  
DcRt 66 4.5  
DcRu 56 3.8  
DcRv 28 1.9  
DcRvw 1 .1  
DcRw 12 .8  
DdRu 26 1.8  
DdRv 6 .4  
DdeRu 20 1.4  
DeRs 1 .1  
DeRst 8 .5  
DeRt 55 3.8  
DeRu 25 1.7  
DeRv 25 1.7  
DeRw 3 .2  
DefRuv 7 .5  
DfRs 11 .8  
DfRt 8 .5  
DfRtu 5 .3  

DfRu 78 5.3  
DfRv 1 .1  
DfRw 19 1.3  
DgRl 10 .7  
DgRl? 2 .1  
DgRm 2 .1  
DgRn 3 .2  
DgRo 1 .1  
DgRpo 5 .3  
DgRq 2 .1  
DgRr 22 1.5  
DgRs 47 3.2  
DgRv 1 .1  
DgRvw 1 .1  
DgRw 50 3.4  
DgRwx 2 .1  
DgRx 9 .6  
DghRx 1 .1  
DhRk 7 .5  
DhRl 26 1.8  
DhRlm 230 15.7  
DhRp 41 2.8  
DhRq 23 1.6  
DhRr 17 1.2  
DhRs 141 9.6  
DhRt 82 5.6  

DhRx 52 3.6  
DhSb 1 .1  
DhSe 34 2.3  
DhSg 1 .1  
DiRi 50 3.4  
DiRj 27 1.8  
DiRt 1 .1  
DiRu 1 .1  
DiSc 1 .1  
DiSd 1 .1  
DiSe 5 .3  
DjRi 69 4.7  
DjSf 2 .1  
DkSf 3 .2 
EaSe 2 .1  
EaSf 4 .3  
EcSg 3 .2  
 ------------ ------------
  
Total 1464 100.0  
 
Valid cases 1464 
Missing cases 0 
 

 
Figure II.1.  Density map showing number of celts by Borden Unit. 
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REG: Region where celt found or excavated. 
 
Value Label Value Frequency Percent  
 
Straits, Vancouver Island. 1 210 14.3  
Straits, Gulf Islands. 2 178 12.2  
Vancouver Island Halkomelem 3 118 8.1  
Gulf Island Halkomelem. 4 49 3.3  
Fraser Delta Halomelem 5 390 26.6  
Lower Fraser River Halkomelem 6 113 7.7  
DhRlm-Y (Chilliwack area) 6.5 173 11.8  
Canyon Halkomelem 7 147 10.0  
North Gulf of Georgia 8 28 1.9  
Shoemaker Bay (Port Alberni) 8.5 31 2.1  
Within Study Area 9 19 1.3  
Saltspring I.sland 10.0 8 .5  
  ------------ ------------  
 Total 1464 100.0  
Valid cases 1464  Missing cases 0 
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APPENDIX III.  ARTIFACT LISTING 
 

This appendix lists the artifacts analysed in this study, alphabetically (not alphanumerically) by Borden Unit, site number and 
artifact number.  Celts listed as DR-  are from the study area, with no other provenience known. 
 
The letter in brackets at the end of each accession number indicates the institution which holds the artifact: 
(U) = University of British Columbia, Museum of Anthropology, Vancouver, B.C. 
(R) = Royal British Columbia Museum, Victoria, B.C. 
(C) = Vancouver City Museum, Vancouver, B.C.. 
(S) = Simon Fraser University, Museum of Archaeology, Burnaby, B.C. 
(V) = University of Victoria, Department of Anthropology, Victoria, B.C. 
(A) = Alberni Valley Museum, Port Alberni, B.C. 
 
DbRv-1:2(R) 
DbRv-2:5(R) 
DcRt-10:526(R) 
DcRt-10:75(R) 
DcRt-10:784(R) 
DcRt-13:110(R) 
DcRt-13:420(R) 
DcRt-15:1144(R) 
DcRt-15:117(R) 
DcRt-15:1525(R) 
DcRt-15:1639(R) 
DcRt-15:1693(R) 
DcRt-15:2347(R) 
DcRt-15:2364(R) 
DcRt-15:258(R) 
DcRt-15:259(R) 
DcRt-15:260(R) 
DcRt-15:261(R) 
DcRt-15:262(R) 
DcRt-15:263(R) 
DcRt-15:265(R) 
DcRt-15:266(R) 
DcRt-15:267(R) 
DcRt-15:268(R) 
DcRt-15:269(R) 
DcRt-15:270(R) 
DcRt-15:618(R) 
DcRt-15:638(R) 
DcRt-15:676(R) 
DcRt-15:920(R) 
DcRt-15:934(R) 
DcRt-15:965(R) 
DcRt-16:2(R) 
DcRt-16:3(R) 
DcRt-35:4(R) 
DcRt-64:8(R) 
DcRt-64:9(R) 
DcRt-8:230(R) 
DcRt-8:268(R) 
DcRt-8:410(R) 
DcRt-8:625(R) 
DcRt-8:671(R) 
DcRt-8:716(R) 
DcRt-9:174(R) 
DcRt-9:21(R) 

DcRt-9:32(R) 
DcRt-9:358(R) 
DcRt-9:38(R) 
DcRt-Y:10(R) 
DcRt-Y:10(R) 
DcRt-Y:135(R) 
DcRt-Y:18(R) 
DcRt-Y:180(R) 
DcRt-Y:19(R) 
DcRt-Y:197(R) 
DcRt-Y:199(R) 
DcRt-Y:20(R) 
DcRt-Y:200(R) 
DcRt-Y:201(R) 
DcRt-Y:202(R) 
DcRt-Y:203(R) 
DcRt-Y:74(R) 
DcRt-Y:77(R) 
DcRt-Y:91(R) 
DcRt-Y:98(R) 
DcRu-116:13(R) 
DcRu-12:1175(R) 
DcRu-12:1352(R) 
DcRu-12:1754(R) 
DcRu-12:1896(R) 
DcRu-12:1963(R) 
DcRu-12:2377(R) 
DcRu-12:2504(R) 
DcRu-12:2641(R) 
DcRu-12:2764(R) 
DcRu-12:2869(R) 
DcRu-12:3028(R) 
DcRu-12:3268(R) 
DcRu-12:3495(R) 
DcRu-12:3520(R) 
DcRu-12:4172(R) 
DcRu-12:4178(R) 
DcRu-12:4227(R) 
DcRu-12:4321(R) 
DcRu-12:4360(R) 
DcRu-12:6390(R) 
DcRu-123:30(R) 
DcRu-13:232(R) 
DcRu-2:157(R) 
DcRu-2:35(R) 

DcRu-2:497(R) 
DcRu-23:10(R) 
DcRu-23:8(R) 
DcRu-32:4(R) 
DcRu-32:5(R) 
DcRu-38:155(R) 
DcRu-46:19(R) 
DcRu-62:1(R) 
DcRu-63:9(R) 
DcRu-65:2(R) 
DcRu-7:11(R) 
DcRu-72:69(R) 
DcRu-78:11(R) 
DcRu-8:126(R) 
DcRu-9:4(R) 
DcRu-92:2(R) 
DcRu-Y:14(R) 
DcRu-Y:164(R) 
DcRu-Y:166(R) 
DcRu-Y:168(R) 
DcRu-Y:178(R) 
DcRu-Y:184(R) 
DcRu-Y:198(R) 
DcRu-Y:202(R) 
DcRu-Y:203(R) 
DcRu-Y:204(R) 
DcRu-Y:210(R) 
DcRu-Y:244(R) 
DcRu-Y:248(R) 
DcRu-Y:250(R) 
DcRu-Y:255(R) 
DcRu-Y:53(R) 
DcRu-Y:55(R) 
DcRu-Y:8(R) 
DcRv-1:1436(R) 
DcRv-1:1750(R) 
DcRv-1:1889(R) 
DcRv-1:2501(R) 
DcRv-1:2503(R) 
DcRv-1:2509(R) 
DcRv-1:2510(R) 
DcRv-1:2525(R) 
DcRv-1:2526(R) 
DcRv-1:2527(R) 
DcRv-1:2841(R) 

DcRv-1:423(R) 
DcRv-1:480(R) 
DcRv-1:582(R) 
DcRv-1:657(R) 
DcRv-1:745(R) 
DcRv-1:884(R) 
DcRv-1:885(R) 
DcRv-1:886(R) 
DcRv-1:887(R) 
DcRv-1:888(R) 
DcRv-1:890(R) 
DcRv-1:891(R) 
DcRv-1:892(R) 
DcRv-1:896(R) 
DcRv-1:896(R) 
DcRv-1:899(R) 
DcRv-10:1(R) 
DcRv-2:69(R) 
DcRv-80:1(R) 
DcRv-81:59(R) 
DcRvw-Y:18(R) 
DcRw-1:3(R) 
DcRw-12:6(R) 
DcRw-15:1(R) 
DcRw-2:13(R) 
DcRw-2:14(R) 
DcRw-8:3(R) 
DcRw-Y:11(R) 
DcRw-Y:32(R) 
DcRw-Y:34(R) 
DcRw-Y:43(R) 
DcRw-Y:49(R) 
DdRu-1:415(R) 
DdRu-1:456(R) 
DdRu-1:457(R) 
DdRu-10:1(U) 
DdRu-11:2(R) 
DdRu-18:16(R) 
DdRu-18:17(R) 
DdRu-2:1(R) 
DdRu-21:7(R) 
DdRu-30:1(R) 
DdRu-4:145(R) 
DdRu-4:7(U) 
DdRu-4:8(U) 
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DdRu-5:48(R) 
DdRu-6:1(U) 
DdRu-6:2(U) 
DdRu-6:3(U) 
DdRu-6:30(R) 
DdRu-Y:102(R) 
DdRu-Y:105(R) 
DdRu-Y:11(R) 
DdRu-Y:114(R) 
DdRu-Y:12(R) 
DdRu-Y:17(R) 
DdRu-Y:96(R) 
DdRu-Y:97(R) 
DdRv-Y:1(R) 
DdRv-Y:20(R) 
DdRv-Y:21(R) 
DdRv-Y:22(R) 
DdRv-Y:23(R) 
DdRv-Y:24(R) 
DdeRu-Y:10(R) 
DdeRu-Y:11(R) 
DdeRu-Y:110(R) 
DdeRu-Y:113(R) 
DdeRu-Y:114(R) 
DdeRu-Y:117(R) 
DdeRu-Y:12(R) 
DdeRu-Y:121(R) 
DdeRu-Y:122(R) 
DdeRu-Y:13(R) 
DdeRu-Y:2(R) 
DdeRu-Y:22(R) 
DdeRu-Y:23(R) 
DdeRu-Y:25(R) 
DdeRu-Y:32(R) 
DdeRu-Y:33(R) 
DdeRu-Y:48(R) 
DdeRu-Y:8(R) 
DdeRu-Y:82(R) 
DdeRu-Y:9(R) 
DeRs-Y:3(R) 
DeRst-Y:10(R) 
DeRst-Y:15(R) 
DeRst-Y:16(R) 
DeRst-Y:17(R) 
DeRst-Y:3(R) 
DeRst-Y:7(R) 
DeRst-Y:8(R) 
DeRst-Y:9(R) 
DeRt-1:101(R) 
DeRt-1:102(R) 
DeRt-1:104(R) 
DeRt-1:1085(S) 
DeRt-1:1183(S) 
DeRt-1:1322(S) 
DeRt-1:141(S) 
DeRt-1:187(S) 
DeRt-1:394(S) 
DeRt-1:427(S) 
DeRt-1:489(S) 
DeRt-1:626(S) 

DeRt-1:675(S) 
DeRt-1:77(S) 
DeRt-16:3(R) 
DeRt-18:109(R) 
DeRt-18:110(R) 
DeRt-18:111(R) 
DeRt-18:113(R) 
DeRt-2:119(R) 
DeRt-2:120(R) 
DeRt-2:121(R) 
DeRt-2:144(R) 
DeRt-2:150(R) 
DeRt-2:155(R) 
DeRt-2:156(R) 
DeRt-2:2154(S) 
DeRt-2:2235(S) 
DeRt-2:2265(S) 
DeRt-2:3590(S) 
DeRt-2:3673(S) 
DeRt-2:5(S) 
DeRt-2:925(S) 
DeRt-20:28(R) 
DeRt-27:1(R) 
DeRt-27:2(R) 
DeRt-27:3(R) 
DeRt-27:4(R) 
DeRt-59:2(R) 
DeRt-59:3(R) 
DeRt-9:101(R) 
DeRt-9:195(R) 
DeRt-9:229(R) 
DeRt-9:236(R) 
DeRt-Y:106(R) 
DeRt-Y:112(R) 
DeRt-Y:120(R) 
DeRt-Y:129(R) 
DeRt-Y:130(R) 
DeRt-Y:131(R) 
DeRt-Y:131(R) 
DeRt-Y:132(R) 
DeRt-Y:133(R) 
DeRt-Y:134(R) 
DeRt-Y:29(R) 
DeRt-Y:30(R) 
DeRt-Y:43(R) 
DeRt-Y:68(R) 
DeRt-Y:73(R) 
DeRt-Y:94(R) 
DeRt-Y:96(R) 
DeRu-1:1325(R) 
DeRu-1:1372(R) 
DeRu-1:2417(R) 
DeRu-1:2554(R) 
DeRu-1:2555(R) 
DeRu-1:2556(R) 
DeRu-1:2557(R) 
DeRu-1:2558(R) 
DeRu-1:2559(R) 
DeRu-1:2560(R) 
DeRu-1:2561(R) 

DeRu-1:2562(R) 
DeRu-1:2640(R) 
DeRu-1:2676(R) 
DeRu-1:2958(R) 
DeRu-1:52(R) 
DeRu-1:53(R) 
DeRu-1:54(R) 
DeRu-1:55(R) 
DeRu-1:56(R) 
DeRu-1:57(R) 
DeRu-1:58(R) 
DeRu-1:59(R) 
DeRu-18:5(R) 
DeRu-22:2(R) 
DeRv-29:1(R) 
DeRv-Y:10(R) 
DeRv-Y:12(R) 
DeRv-Y:31(R) 
DeRv-Y:32(R) 
DeRv-Y:33(R) 
DeRv-Y:34(R) 
DeRv-Y:35(R) 
DeRv-Y:36(R) 
DeRv-Y:37(R) 
DeRv-Y:38(R) 
DeRv-Y:39(R) 
DeRv-Y:52(R) 
DeRv-Y:60(R) 
DeRv-Y:61(R) 
DeRv-Y:62(R) 
DeRv-Y:63(R) 
DeRv-Y:64(R) 
DeRv-Y:65(R) 
DeRv-Y:7(R) 
DeRv-Y:75(R) 
DeRv-Y:76(R) 
DeRv-Y:78(R) 
DeRv-Y:79(R) 
DeRv-Y:80(R) 
DeRw-Y:4252(R) 
DeRw-Y:4788(R) 
DeRw-Y:5697(R) 
DefRuv-Y:10157A(R) 
DefRuv-Y:10157B(R) 
DefRuv-Y:5685(R) 
DefRuv-Y:7979(R) 
DefRuv-Y:7980(R) 
DefRuv-Y:7981(R) 
DefRuv-Y:7982(R) 
DfRs-3:WH14(U) 
DfRs-3:WH177(U) 
DfRs-3:WH18(U) 
DfRs-3:WH25(U) 
DfRs-3:WH304(U) 
DfRs-3:WH518(U) 
DfRs-3:WH521(U) 
DfRs-3:WH568(U) 
DfRs-3:WH62(U) 
DfRs-3:WH628(U) 
DfRs-Y:3(R) 

DfRt-1:101(R) 
DfRt-11:5(R) 
DfRt-8:10(R) 
DfRt-8:11(R) 
DfRt-X:23(U) 
DfRt-X:24(U) 
DfRt-X:25(U) 
DfRt-Y:8(R) 
DfRtu-Y:24(R) 
DfRtu-Y:28(R) 
DfRtu-Y:29(R) 
DfRtu-Y:31(R) 
DfRtu-Y:33(R) 
DfRu-1:47(R) 
DfRu-1:48(R) 
DfRu-12:33(V) 
DfRu-12:36(V) 
DfRu-12:71(V) 
DfRu-13:1116(U) 
DfRu-13:478(R) 
DfRu-13:492(R) 
DfRu-13:587(R) 
DfRu-13:991(R) 
DfRu-23:9(R) 
DfRu-24:1052(R) 
DfRu-24:108(R) 
DfRu-24:1117(R) 
DfRu-24:1273(R) 
DfRu-24:1450(R) 
DfRu-24:1458(R) 
DfRu-24:1489(R) 
DfRu-24:1491(R) 
DfRu-24:1615(R) 
DfRu-24:1681(R) 
DfRu-24:17(R) 
DfRu-24:1789(R) 
DfRu-24:1790(R) 
DfRu-24:18(R) 
DfRu-24:1874(R) 
DfRu-24:1901(R) 
DfRu-24:1991(R) 
DfRu-24:2011(R) 
DfRu-24:2049(R) 
DfRu-24:2239(R) 
DfRu-24:2257(R) 
DfRu-24:2258(R) 
DfRu-24:35(R) 
DfRu-24:43(R) 
DfRu-24:501(R) 
DfRu-24:51(R) 
DfRu-24:578(R) 
DfRu-24:66(R) 
DfRu-24:722(R) 
DfRu-24:751(R) 
DfRu-24:89(R) 
DfRu-26:1(R) 
DfRu-27:12(R) 
DfRu-27:4(R) 
DfRu-7:147(R) 
DfRu-7:167(R) 
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DfRu-8:10(U) 
DfRu-8:1030(R) 
DfRu-8:1051(R) 
DfRu-8:1052(R) 
DfRu-8:1054(S) 
DfRu-8:11(U) 
DfRu-8:1112(S) 
DfRu-8:1195(R) 
DfRu-8:1245(R) 
DfRu-8:13(U) 
DfRu-8:14(U) 
DfRu-8:162(R) 
DfRu-8:167(R) 
DfRu-8:2167(S) 
DfRu-8:223(R) 
DfRu-8:228(S) 
DfRu-8:260(R) 
DfRu-8:302(R) 
DfRu-8:3131(R) 
DfRu-8:3671(R) 
DfRu-8:4055(R) 
DfRu-8:4477(R) 
DfRu-8:633(R) 
DfRu-8:709(R) 
DfRu-8:9(U) 
DfRu-8:925(S) 
DfRu-Y:10(R) 
DfRu-Y:19(R) 
DfRu-Y:20(R) 
DfRu-Y:21(R) 
DfRu-Y:22(R) 
DfRu-Y:25(R) 
DfRu-Y:7(R) 
DfRu-Y:8(R) 
DfRu-Y:9(R) 
DfRv-11:3(R) 
DfRw-31:1(U) 
DfRw-Y:21(U) 
DfRw-Y:4429(R) 
DfRw-Y:4430(R) 
DfRw-Y:4431(R) 
DfRw-Y:4432(R) 
DfRw-Y:4433(R) 
DfRw-Y:4434(R) 
DfRw-Y:4547(R) 
DfRw-Y:6342(R) 
DfRw-Y:6343(R) 
DfRw-Y:7(R) 
DfRw-Y:7869(R) 
DfRw-Y:7870(R) 
DfRw-Y:7871(R) 
DfRw-Y:7872(R) 
DfRw-Y:7873(R) 
DfRw-Y:7874(R) 
DfRw-Y:7875(R) 
DgRl-X:10(U) 
DgRl-X:11(U) 
DgRl-X:14(U) 
DgRl-X:15(U) 
DgRl-X:16(U) 

DgRl-X:18(U) 
DgRl-X:19(U) 
DgRl-X:20(U) 
DgRl-X:7(U) 
DgRl-X:9(U) 
DgRl?-Y:6768(R) 
DgRl?-Y:6769(R) 
DgRm-1:181(U) 
DgRm-Z:QAA634(C) 
DgRn-5:6(U) 
DgRn-5:8(U) 
DgRn-Y:12(R) 
DgRn-Z:QAA63(C) 
DgRo-Z:QAA2013(C) 
DgRpo-X:A7561(U) 
DgRpo-X:A7568(U) 
DgRpo-X:A7569(U) 
DgRpo-X:A7571(U) 
DgRpo-X:A7572(U) 
DgRq-8:4(S) 
DgRq-Z:QAA1074(C) 
DgRr-1:10(U) 
DgRr-1:12885(U) 
DgRr-1:1753(S) 
DgRr-1:1992(S) 
DgRr-1:42(R) 
DgRr-2:3176(C) 
DgRr-2:3234(C) 
DgRr-2:359(C) 
DgRr-2:3898(C) 
DgRr-2:4960(C) 
DgRr-2:4962(C) 
DgRr-2:5550(C) 
DgRr-2:5727(C) 
DgRr-2:5849(C) 
DgRr-6:1026(U) 
DgRr-6:1068(U) 
DgRr-6:1304(U) 
DgRr-6:1323(U) 
DgRr-6:1383(U) 
DgRr-6:1388(U) 
DgRr-6:1442(U) 
DgRr-6:2260(U) 
DgRr-6:2315(U) 
DgRr-6:379(U) 
DgRr-6:6067(U) 
DgRs-1:1114(U) 
DgRs-1:1116(U) 
DgRs-1:1389(U) 
DgRs-1:1419(U) 
DgRs-1:1453(U) 
DgRs-1:1797(U) 
DgRs-1:1801(U) 
DgRs-1:1866(U) 
DgRs-1:2114(U) 
DgRs-1:2279(U) 
DgRs-1:2303(U) 
DgRs-1:2391(U) 
DgRs-1:3046(U) 
DgRs-1:3048(U) 

DgRs-1:3064(U) 
DgRs-1:3121(U) 
DgRs-1:350(U) 
DgRs-1:353(U) 
DgRs-1:4091(U) 
DgRs-1:4139(U) 
DgRs-1:415(U) 
DgRs-1:4502(R) 
DgRs-1:4503(R) 
DgRs-1:4504(R) 
DgRs-1:4505(R) 
DgRs-1:4506(R) 
DgRs-1:4580(R) 
DgRs-1:466(U) 
DgRs-1:630(U) 
DgRs-1:759(U) 
DgRs-1:8202(R) 
DgRs-1:8246(R) 
DgRs-1:8271(R) 
DgRs-11:112(U) 
DgRs-11:413(U) 
DgRs-11:414(U) 
DgRs-2:1448(U) 
DgRs-2:2706(U) 
DgRs-2:2743(U) 
DgRs-2:5650(U) 
DgRs-2:5666(U) 
DgRs-2:73831(U) 
DgRs-4:17(U) 
DgRs-4:18(U) 
DgRs-4:19(U) 
DgRs-4:20(U) 
DgRs-4:21(U) 
DgRs-4:22(U) 
DgRs-4:29(U) 
DgRs-5:12(U) 
DgRs-5:13(U) 
DgRs-X:1(U) 
DgRv-15:1(R) 
DgRvw-Y:5591(R) 
DgRw-1:16(R) 
DgRw-19:24(V) 
DgRw-19:25(V) 
DgRw-19:42(V) 
DgRw-23:1(V) 
DgRw-26:3(R) 
DgRw-34:1(R) 
DgRw-4:1020(R) 
DgRw-4:1049(R) 
DgRw-4:1116(R) 
DgRw-4:113(R) 
DgRw-4:1201(R) 
DgRw-4:1315(R) 
DgRw-4:1316(R) 
DgRw-4:1317(R) 
DgRw-4:1337(R) 
DgRw-4:1344(R) 
DgRw-4:1392(R) 
DgRw-4:1419(R) 
DgRw-4:1420(R) 

DgRw-4:1471(R) 
DgRw-4:1472(R) 
DgRw-4:1473(R) 
DgRw-4:1481(R) 
DgRw-4:1655(R) 
DgRw-4:1765(R) 
DgRw-4:1776(R) 
DgRw-4:179(R) 
DgRw-4:1819(R) 
DgRw-4:1834(R) 
DgRw-4:2022(R) 
DgRw-4:2155(R) 
DgRw-4:2429(R) 
DgRw-4:2492(R) 
DgRw-4:252(R) 
DgRw-4:2700(R) 
DgRw-4:2883(R) 
DgRw-4:2976(R) 
DgRw-4:3205(R) 
DgRw-4:3206(R) 
DgRw-4:3342(R) 
DgRw-4:3348(R) 
DgRw-4:509(R) 
DgRw-4:513(R) 
DgRw-4:514(R) 
DgRw-4:930(R) 
DgRw-Y:14(R) 
DgRw-Y:15(R) 
DgRw-Y:16(R) 
DgRw-Y:21(R) 
DgRw-Y:3(R) 
DgRwx-Y:5640(R) 
DgRwx-Y:5642(R) 
DgRx-5:1494(R) 
DgRx-5:158(R) 
DgRx-5:165(R) 
DgRx-5:1785(R) 
DgRx-5:200(R) 
DgRx-5:47(R) 
DgRx-5:51(R) 
DgRx-5:53(R) 
DgRx-Y:10938(R) 
DgRx-Y:10939(R) 
DghRx-Y:10937(R) 
DhRk-2:46(R) 
DhRk-2:47(R) 
DhRk-2:48(R) 
DhRk-2:49(R) 
DhRk-2:51(R) 
DhRk-5:1(U) 
DhRk-5:2(U) 
DhRl-10:2(U) 
DhRl-10:6(U) 
DhRl-16:6(R) 
DhRl-17:31(R) 
DhRl-17:32(R) 
DhRl-17:33(R) 
DhRl-17:593(U) 
DhRl-17:594(U) 
DhRl-17:595(U) 
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DhRl-17:722(U) 
DhRl-17:767(U) 
DhRl-17:768(U) 
DhRl-17:769(U) 
DhRl-17:770(U) 
DhRl-17:771(U) 
DhRl-17:772(U) 
DhRl-17:773(U) 
DhRl-17:774(U) 
DhRl-17:775(U) 
DhRl-17:779(U) 
DhRl-7:1(U) 
DhRl-8:12(U) 
DhRl-8:13(U) 
DhRl-8:28(U) 
DhRl-8:44(U) 
DhRl-Y:1(R) 
DhRlm-Y:1261(R) 
DhRlm-Y:1262(R) 
DhRlm-Y:1263(R) 
DhRlm-Y:1264(R) 
DhRlm-Y:1265(R) 
DhRlm-Y:1266(R) 
DhRlm-Y:1267(R) 
DhRlm-Y:1268(R) 
DhRlm-Y:1269(R) 
DhRlm-Y:1270(R) 
DhRlm-Y:1271(R) 
DhRlm-Y:1272(R) 
DhRlm-Y:1274(R) 
DhRlm-Y:1275(R) 
DhRlm-Y:1276(R) 
DhRlm-Y:1277(R) 
DhRlm-Y:1278(R) 
DhRlm-Y:1279(R) 
DhRlm-Y:1280(R) 
DhRlm-Y:1281(R) 
DhRlm-Y:1282(R) 
DhRlm-Y:1283(R) 
DhRlm-Y:1284(R) 
DhRlm-Y:1285(R) 
DhRlm-Y:1286(R) 
DhRlm-Y:1287(R) 
DhRlm-Y:1288(R) 
DhRlm-Y:1289(R) 
DhRlm-Y:1290(R) 
DhRlm-Y:1291(R) 
DhRlm-Y:1292(R) 
DhRlm-Y:1293(R) 
DhRlm-Y:1294(R) 
DhRlm-Y:1295(R) 
DhRlm-Y:1296(R) 
DhRlm-Y:1297(R) 
DhRlm-Y:1298(R) 
DhRlm-Y:1299(R) 
DhRlm-Y:1300(R) 
DhRlm-Y:1301(R) 
DhRlm-Y:1302(R) 
DhRlm-Y:1303(R) 
DhRlm-Y:1304(R) 

DhRlm-Y:1305(R) 
DhRlm-Y:1307(R) 
DhRlm-Y:1308(R) 
DhRlm-Y:1309(R) 
DhRlm-Y:1310(R) 
DhRlm-Y:1311(R) 
DhRlm-Y:1312(R) 
DhRlm-Y:1313(R) 
DhRlm-Y:1314(R) 
DhRlm-Y:1315(R) 
DhRlm-Y:1316(R) 
DhRlm-Y:1317(R) 
DhRlm-Y:1318(R) 
DhRlm-Y:1319(R) 
DhRlm-Y:1320(R) 
DhRlm-Y:1321(R) 
DhRlm-Y:1322(R) 
DhRlm-Y:1323(R) 
DhRlm-Y:1324(R) 
DhRlm-Y:1325(R) 
DhRlm-Y:1326(R) 
DhRlm-Y:1327(R) 
DhRlm-Y:1328(R) 
DhRlm-Y:1329(R) 
DhRlm-Y:1330(R) 
DhRlm-Y:1331(R) 
DhRlm-Y:1332(R) 
DhRlm-Y:1333(R) 
DhRlm-Y:1334(R) 
DhRlm-Y:1335(R) 
DhRlm-Y:1337(R) 
DhRlm-Y:1338(R) 
DhRlm-Y:1339(R) 
DhRlm-Y:1340(R) 
DhRlm-Y:1341(R) 
DhRlm-Y:1342(R) 
DhRlm-Y:1343(R) 
DhRlm-Y:1344(R) 
DhRlm-Y:1345(R) 
DhRlm-Y:1346(R) 
DhRlm-Y:1347(R) 
DhRlm-Y:1348(R) 
DhRlm-Y:1349(R) 
DhRlm-Y:1350(R) 
DhRlm-Y:1351(R) 
DhRlm-Y:1352(R) 
DhRlm-Y:1353(R) 
DhRlm-Y:1354(R) 
DhRlm-Y:1355(R) 
DhRlm-Y:1356(R) 
DhRlm-Y:1357(R) 
DhRlm-Y:1358(R) 
DhRlm-Y:1359(R) 
DhRlm-Y:1360(R) 
DhRlm-Y:1361(R) 
DhRlm-Y:1362(R) 
DhRlm-Y:1363(R) 
DhRlm-Y:1365(R) 
DhRlm-Y:1366(R) 
DhRlm-Y:1367(R) 

DhRlm-Y:1368(R) 
DhRlm-Y:1369(R) 
DhRlm-Y:1370(R) 
DhRlm-Y:1371(R) 
DhRlm-Y:1372(R) 
DhRlm-Y:1373(R) 
DhRlm-Y:1374(R) 
DhRlm-Y:1375(R) 
DhRlm-Y:1376(R) 
DhRlm-Y:1377(R) 
DhRlm-Y:1378(R) 
DhRlm-Y:1380(R) 
DhRlm-Y:1381(R) 
DhRlm-Y:1382(R) 
DhRlm-Y:1383(R) 
DhRlm-Y:1384(R) 
DhRlm-Y:1385(R) 
DhRlm-Y:1386(R) 
DhRlm-Y:1387(R) 
DhRlm-Y:1389(R) 
DhRlm-Y:1390(R) 
DhRlm-Y:1391(R) 
DhRlm-Y:1393(R) 
DhRlm-Y:1394(R) 
DhRlm-Y:1396(R) 
DhRlm-Y:1397(R) 
DhRlm-Y:1399(R) 
DhRlm-Y:1401(R) 
DhRlm-Y:1402(R) 
DhRlm-Y:1403(R) 
DhRlm-Y:1404(R) 
DhRlm-Y:1405(R) 
DhRlm-Y:1406(R) 
DhRlm-Y:1407(R) 
DhRlm-Y:1408(R) 
DhRlm-Y:1409(R) 
DhRlm-Y:1410(R) 
DhRlm-Y:1411(R) 
DhRlm-Y:1412(R) 
DhRlm-Y:1413(R) 
DhRlm-Y:1415(R) 
DhRlm-Y:1416(R) 
DhRlm-Y:1417(R) 
DhRlm-Y:1418(R) 
DhRlm-Y:1421(R) 
DhRlm-Y:1422(R) 
DhRlm-Y:1423(R) 
DhRlm-Y:1424(R) 
DhRlm-Y:1425(R) 
DhRlm-Y:1426(R) 
DhRlm-Y:1427(R) 
DhRlm-Y:1432(R) 
DhRlm-Y:1433(R) 
DhRlm-Y:1434(R) 
DhRlm-Y:1435(R) 
DhRlm-Y:1436(R) 
DhRlm-Y:1438(R) 
DhRlm-Y:1439(R) 
DhRlm-Y:1440(R) 
DhRlm-Y:1441(R) 

DhRlm-Y:1442(R) 
DhRlm-Y:1443(R) 
DhRlm-Y:1444(R) 
DhRlm-Y:1445(R) 
DhRlm-Y:1446(R) 
DhRlm-Y:1447(R) 
DhRlm-Y:1448(R) 
DhRlm-Y:1449(R) 
DhRlm-Y:1450(R) 
DhRlm-Y:1451(R) 
DhRlm-Y:1452(R) 
DhRlm-Y:1453(R) 
DhRlm-Y:1455(R) 
DhRlm-Y:1456(R) 
DhRlm-Y:1457(R) 
DhRlm-Y:1458(R) 
DhRlm-Y:1459(R) 
DhRlm-Y:1460(R) 
DhRlm-Y:1461(R) 
DhRlm-Y:1463(R) 
DhRlm-Y:1464(R) 
DhRlm-Y:1465(R) 
DhRlm-Y:1466(R) 
DhRlm-Y:1467(R) 
DhRlm-Y:1469(R) 
DhRlm-Y:1470(R) 
DhRlm-Y:1471(R) 
DhRlm-Y:1473(R) 
DhRlm-Y:1474(R) 
DhRlm-Y:1475(R) 
DhRlm-Y:1476(R) 
DhRlm-Y:1477(R) 
DhRlm-Y:1478(R) 
DhRlm-Y:1480(R) 
DhRlm-Y:1483(R) 
DhRlm-Y:1484(R) 
DhRlm-Y:1486(R) 
DhRlm-Y:1487(R) 
DhRlm-Y:1488(R) 
DhRlm-Y:1489(R) 
DhRlm-Y:1490(R) 
DhRlm-Y:1491(R) 
DhRlm-Y:1504(R) 
DhRlm-Y:1505(R) 
DhRlm-Y:1506(R) 
DhRlm-Y:1507(R) 
DhRlm-Y:1508(R) 
DhRlm-Y:1509(R) 
DhRlm-Y:1510(R) 
DhRlm-Y:1511(R) 
DhRlm-Y:1512(R) 
DhRlm-Y:1513(R) 
DhRlm-Y:1514(R) 
DhRlm-Y:1515(R) 
DhRlm-Y:1516(R) 
DhRlm-Y:1520(R) 
DhRlm-Y:1522(R) 
DhRlm-Y:1523(R) 
DhRlm-Y:1524(R) 
DhRlm-Y:1525(R) 
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DhRlm-Y:1526(R) 
DhRlm-Y:1852(R) 
DhRlm-Y:1853(R) 
DhRlm-Y:1856(R) 
DhRlm-Y:1857(R) 
DhRlm-Y:1883(R) 
DhRlm-Y:1884(R) 
DhRlm-Y:1885(R) 
DhRp-11:264(S) 
DhRp-11:273(S) 
DhRp-11:274(S) 
DhRp-11:290(S) 
DhRp-11:338(S) 
DhRp-11:542(S) 
DhRp-11:554(S) 
DhRp-11:655(S) 
DhRp-11:660(S) 
DhRp-11:685(S) 
DhRp-11:695(S) 
DhRp-11:899(S) 
DhRp-11:G1(S) 
DhRp-11:G120(S) 
DhRp-11:G128(S) 
DhRp-11:G129(S) 
DhRp-11:G223(S) 
DhRp-11:G26(S) 
DhRp-11:G260(S) 
DhRp-11:G420(S) 
DhRp-11:G485(S) 
DhRp-11:G614(S) 
DhRp-15:7(R) 
DhRp-33:570(R) 
DhRp-?:7994(R) 
DhRp-FL:11324.1(R) 
DhRpFL:11324.10(R) 
DhRp-FL:11324.7(R) 
DhRp-FL:11324.8(R) 
DhRp-FL:11324.9(R) 
DhRp-HY:3140(R) 
DhRp-HY:3141(R) 
DhRp-HY:3142(R) 
DhRp-HY:7664(R) 
DhRp-X:1(U) 
DhRp-X:6(U) 
DhRp-X:A11771C(U) 
DhRp-Y:10(R) 
DhRp-Y:11(R) 
DhRp-Y:12(R) 
DhRp-Y:22(R) 
DhRp-Y:23(R) 
DhRp-Y:3(R) 
DhRp-Y:9(R) 
DhRq-1:15(U) 
DhRq-19:2(R) 
DhRq-21: 1070(R) 
DhRq-21:1032(R) 
DhRq-21:1068(R) 
DhRq-21:1186(R) 
DhRq-21:1237(R) 
DhRq-21:1490(R) 

DhRq-21:1508(R) 
DhRq-21:1534(R) 
DhRq-21:1575(R) 
DhRq-21:163(R) 
DhRq-21:189(R) 
DhRq-21:20(R) 
DhRq-21:2125(R) 
DhRq-21:2134(R) 
DhRq-21:220(R) 
DhRq-21:2495(R) 
DhRq-21:261(R) 
DhRq-21:3305(R) 
DhRq-21:379(R) 
DhRq-21:54/179(R) 
DhRq-5:2(U) 
DhRq-X:1(U) 
DhRr-17:111(S) 
DhRr-17:112(S) 
DhRr-17:136(S) 
DhRr-17:217(S) 
DhRr-6:113(S) 
DhRr-6:1135(S) 
DhRr-6:1194(S) 
DhRr-6:1236(S) 
DhRr-6:1605(S) 
DhRr-6:1640(S) 
DhRr-6:242(S) 
DhRr-6:284(S) 
DhRr-6:296(S) 
DhRr-6:690(S) 
DhRr-6:767(S) 
DhRr-6:768(S) 
DhRr-6:880(S) 
DhRr-8:639(R) 
DhRr-8:???(R) 
DhRs-1:10139(C) 
DhRs-1:10390(C) 
DhRs-1:10391(C) 
DhRs-1:10392(C) 
DhRs-1:10394(C) 
DhRs-1:10395(C) 
DhRs-1:10396(C) 
DhRs-1:10397(C) 
DhRs-1:10398(C) 
DhRs-1:10399(C) 
DhRs-1:10411(C) 
DhRs-1:10471(C) 
DhRs-1:10473(C) 
DhRs-1:10502(C) 
DhRs-1:10535(C) 
DhRs-1:10536(C) 
DhRs-1:10539(C) 
DhRs-1:10560(C) 
DhRs-1:10561(C) 
DhRs-1:10562(C) 
DhRs-1:13644(C) 
DhRs-1:13810(C) 
DhRs-1:3882(U) 
DhRs-1:3905(U) 
DhRs-1:3906(U) 

DhRs-1:3915(U) 
DhRs-1:98(U) 
DhRs-1:A1277(U) 
DhRs-1:A1282(U) 
DhRs-1:EB2241(U) 
DhRs-1:EB513(U) 
DhRs-1:MA1011(U) 
DhRs-1:MA1070(U) 
DhRs-1:MA1214(U) 
DhRs-1:MA1459(U) 
DhRs-1:MA1571(U) 
DhRs-1:MA1738(U) 
DhRs-1:MA2027(U) 
DhRs-1:MA2986(U) 
DhRs-1:MA3276(U) 
DhRs-1:MA3333(U) 
DhRs-1:MA3584(U) 
DhRs-1:MA3587(U) 
DhRs-1:MA3798(U) 
DhRs-1:MA424(U) 
DhRs-1:MA537(U) 
DhRs-1:MA5547(U) 
DhRs-1:MA5652(U) 
DhRs-1:MA5710(U) 
DhRs-1:MA5786(U) 
DhRs-1:MA6107(U) 
DhRs-1:MA6222(U) 
DhRs-1:MA6540(U) 
DhRs-1:MA6567(U) 
DhRs-1:MA7067(U) 
DhRs-1:MA7533(U) 
DhRs-1:MA7727(U) 
DhRs-1:MA7762?(U) 
DhRs-1:MA7859(U) 
DhRs-1:MA7952(U) 
DhRs-1:MA8687(U) 
DhRs-1:MA8834(U) 
DhRs-1:MA??(U) 
DhRs-1:MA???(U) 
DhRs-1:Ma109(U) 
DhRs-1:Ma1112(U) 
DhRs-1:Ma1177(U) 
DhRs-1:Ma1308(U) 
DhRs-1:Ma1469(U) 
DhRs-1:Ma1676(U) 
DhRs-1:Ma18(U) 
DhRs-1:Ma1812(U) 
DhRs-1:Ma193(U) 
DhRs-1:Ma2310(U) 
DhRs-1:Ma2744(U) 
DhRs-1:Ma2756(U) 
DhRs-1:Ma2778(U) 
DhRs-1:Ma278?(U) 
DhRs-1:Ma2921(U) 
DhRs-1:Ma2965(U) 
DhRs-1:Ma3275(U) 
DhRs-1:Ma3277(U) 
DhRs-1:Ma3281(U) 
DhRs-1:Ma3290(U) 
DhRs-1:Ma3583(U) 

DhRs-1:Ma3586(U) 
DhRs-1:Ma3803(U) 
DhRs-1:Ma3818(U) 
DhRs-1:Ma4181(U) 
DhRs-1:Ma4530(U) 
DhRs-1:Ma4699(U) 
DhRs-1:Ma494(U) 
DhRs-1:Ma499(U) 
DhRs-1:Ma5565(U) 
DhRs-1:Ma5641(U) 
DhRs-1:Ma565(U) 
DhRs-1:Ma5793(U) 
DhRs-1:Ma5798(U) 
DhRs-1:Ma5875(U) 
DhRs-1:Ma6430(U) 
DhRs-1:Ma6627(U) 
DhRs-1:Ma6655(U) 
DhRs-1:Ma6677(U) 
DhRs-1:Ma6710?(U) 
DhRs-1:Ma6969(U) 
DhRs-1:Ma7117(U) 
DhRs-1:Ma7383(U) 
DhRs-1:Ma7444(U) 
DhRs-1:Ma7450(U) 
DhRs-1:Ma7455(U) 
DhRs-1:Ma7479(U) 
DhRs-1:Ma7480(U) 
DhRs-1:Ma7895(U) 
DhRs-1:Ma7924(U) 
DhRs-1:Ma8005(U) 
DhRs-1:Ma8074(U) 
DhRs-1:Ma8144(U) 
DhRs-1:Ma8285(U) 
DhRs-1:Ma8358(U) 
DhRs-1:Ma8363(U) 
DhRs-1:Ma8606(U) 
DhRs-1:Ma8681(U) 
DhRs-1:Ma8687?(U) 
DhRs-1:Ma8692(U) 
DhRs-1:Ma871(U) 
DhRs-1:Ma93(U) 
DhRs-1:Ma9470(R) 
DhRs-1:Ma9471(R) 
DhRs-1:Ma9472(R) 
DhRs-1:Ma9473(R) 
DhRs-12:1(U) 
DhRs-19:1103(U) 
DhRs-19:1107(U) 
DhRs-19:1141(U) 
DhRs-19:1181(U) 
DhRs-19:1448(U) 
DhRs-19:318(C) 
DhRs-19:77(U) 
DhRs-23:3(R) 
DhRs-X:1(U) 
DhRs-X:A240(U) 
DhRs-Y:2(R) 
DhRs-Y:3(R) 
DhRt-11:83(U) 
DhRt-14:10(U) 
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DhRt-2:MUE2030?(U) 
DhRt-2:MUE2031(U) 
DhRt-2:MUE2032(U) 
DhRt-2:MUE229(U) 
DhRt-2:MUE2588(U) 
DhRt-2:MUE2589?(U) 
DhRt-2:MUE2616(U) 
DhRt-2:MUE2717(U) 
DhRt-2:MUE3199(U) 
DhRt-2:MUE3215(U) 
DhRt-2:MUE3326(U) 
DhRt-2:MUE3345(U) 
DhRt-2:MUE3536(U) 
DhRt-2:MUE3537(U) 
DhRt-2:MUE3888(U) 
DhRt-2:MUE4253(U) 
DhRt-2:MUE4677(U) 
DhRt-2:MUE477(U) 
DhRt-2:MUE521(U) 
DhRt-2:MUE642(U) 
DhRt-2:MUE814(U) 
DhRt-2:MUE940(U) 
DhRt-3:1685(U) 
DhRt-3:1789(U) 
DhRt-3:1800(U) 
DhRt-3:1867(U) 
DhRt-3:1910(U) 
DhRt-3:2015(U) 
DhRt-3:452(U) 
DhRt-3:707(U) 
DhRt-3:784(U) 
DhRt-3:801(U) 
DhRt-3:809(U) 
DhRt-3:MuN148(U) 
DhRt-3:MuN227(U) 
DhRt-3:MuN23(U) 
DhRt-3:MuN255(U) 
DhRt-3:MuN303(U) 
DhRt-3:MuN39(U) 
DhRt-3:MuN449(U) 
DhRt-3:MuN450(U) 
DhRt-3:MuN451(U) 
DhRt-3:MuN490(U) 
DhRt-3:MuN560(U) 
DhRt-3:MuN700(U) 
DhRt-3:MuN744(U) 
DhRt-3:MuN759(U) 
DhRt-3:MuN773(U) 
DhRt-3:MuN8(U) 
DhRt-3:MuN9(U) 
DhRt-4:10748(U) 
DhRt-4:3380(U) 
DhRt-4:3646(U) 
DhRt-4:3692(U) 
DhRt-4:4718(U) 
DhRt-4:4919(U) 
DhRt-4:534(U) 
DhRt-4:5375(U) 
DhRt-4:5424(U) 
DhRt-4:5760(U) 

DhRt-4:587(U) 
DhRt-4:5926(U) 
DhRt-4:7325(U) 
DhRt-4:8324(U) 
DhRt-5:114(U) 
DhRt-5:124(U) 
DhRt-5:136(U) 
DhRt-5:28(U) 
DhRt-5:35(U) 
DhRt-5:561(U) 
DhRt-5:589(U) 
DhRt-5:62(U) 
DhRt-5:81(U) 
DhRt-6:1174(U) 
DhRt-6:236(U) 
DhRt-6:699(U) 
DhRt-6:73(U) 
DhRt-6:857(U) 
DhRt-8:31(U) 
DhRt-8:81(U) 
DhRt-X:8(U) 
DhRt-X:A181(U) 
DhRt-X:A193(U) 
DhRx-16:145(R) 
DhRx-16:1522(R) 
DhRx-16:1523(R) 
DhRx-16:1524(R) 
DhRx-16:1525(R) 
DhRx-16:1543(R) 
DhRx-16:1544(R) 
DhRx-16:1939(R) 
DhRx-16:201(R) 
DhRx-16:202(R) 
DhRx-16:203(R) 
DhRx-16:204(R) 
DhRx-16:205(R) 
DhRx-16:206(R) 
DhRx-16:207(R) 
DhRx-16:208(R) 
DhRx-16:209(R) 
DhRx-16:210(R) 
DhRx-16:211(R) 
DhRx-16:2116(R) 
DhRx-16:212(R) 
DhRx-16:2120(R) 
DhRx-16:2124(R) 
DhRx-16:213(R) 
DhRx-16:2130(R) 
DhRx-16:2131(R) 
DhRx-16:214(R) 
DhRx-16:215(R) 
DhRx-16:216(R) 
DhRx-16:217(R) 
DhRx-16:2183(R) 
DhRx-16:219(R) 
DhRx-16:220(R) 
DhRx-16:2200(R) 
DhRx-16:221(R) 
DhRx-16:222(R) 
DhRx-16:223(R) 

DhRx-16:2248(R) 
DhRx-16:2389(R) 
DhRx-16:2833(R) 
DhRx-16:39(R) 
DhRx-16:663(R) 
DhRx-16:667(R) 
DhRx-16:78(R) 
DhRx-16:952(R) 
DhRx-6:1065(R) 
DhRx-6:395(R) 
DhRx-6:399(R) 
DhRx-6:517(R) 
DhRx-6:548(R) 
DhRx-6:748(R) 
DhRx-6:972(R) 
DhSb-Y:1(R) 
DhSe-2:1321'973(A) 
DhSe-2:1490:973(A) 
DhSe-2:1539:973(A) 
DhSe-2:1589:973(A) 
DhSe-2:1595:973(A) 
DhSe-2:1598(A) 
DhSe-2:1616:973(A) 
DhSe-2:1651:973(A) 
DhSe-2:1747(A) 
DhSe-2:1811(A) 
DhSe-2:1940(A) 
DhSe-2:2250(A) 
DhSe-2:2374(A) 
DhSe-2:2468(A) 
DhSe-2:2622(A) 
DhSe-2:2682(A) 
DhSe-2:2750(A) 
DhSe-2:2993(A) 
DhSe-2:3071(A) 
DhSe-2:3086(A) 
DhSe-2:3105(A) 
DhSe-2:3175(A) 
DhSe-2:3264(A) 
DhSe-2:437:973(A) 
DhSe-2:46:973(A) 
DhSe-2:520:973(A) 
DhSe-2:523:973(A) 
DhSe-2:54:973(A) 
DhSe-2:666:973(A) 
DhSe-2:701(A) 
DhSe-2:728(A) 
DhSe-2:869:973(A) 
DhSg-1:2(R) 
DiRi-1:1(U) 
DiRi-1:106(U) 
DiRi-1:1116(U) 
DiRi-1:117(U) 
DiRi-1:120(U) 
DiRi-1:121(U) 
DiRi-1:122(U) 
DiRi-1:1224(U) 
DiRi-1:1225(U) 
DiRi-1:1588(R) 
DiRi-1:2777(R) 

DiRi-1:2787(R) 
DiRi-1:2790(R) 
DiRi-1:4404(R) 
DiRi-1:4406(R) 
DiRi-1:4413(R) 
DiRi-1:4416(R) 
DiRi-1:4419(R) 
DiRi-1:4422(R) 
DiRi-1:4423(R) 
DiRi-1:4424(R) 
DiRi-1:4425(R) 
DiRi-1:4426(R) 
DiRi-1:4442(R) 
DiRi-1:4446(R) 
DiRi-1:4447(R) 
DiRi-1:4448(R) 
DiRi-1:4453(R) 
DiRi-1:4456(R) 
DiRi-1:579(U) 
DiRi-1:595(U) 
DiRi-1:601(U) 
DiRi-10:98(R) 
DiRi-14:290(R) 
DiRi-3:26(R) 
DiRi-38:3112(R) 
DiRi-38:3113(R) 
DiRi-38:3114(R) 
DiRi-38:3115(R) 
DiRi-38:3116(R) 
DiRi-38:3117(R) 
DiRi-38:3118(R) 
DiRi-38:3119(R) 
DiRi-38:3134(R) 
DiRi-38:3136(R) 
DiRi-38:3138(R) 
DiRi-38:3150(R) 
DiRi-39:3005(R) 
DiRi-Y:3(R) 
DiRi-Y:4(R) 
DiRi-Y:7021(R) 
DiRj-1:12078(U) 
DiRj-1:12107(U) 
DiRj-1:12911(U) 
DiRj-1:13181(U) 
DiRj-1:13531(U) 
DiRj-1:15634(R) 
DiRj-1:15636(R) 
DiRj-1:15638(R) 
DiRj-1:3212(U) 
DiRj-1:3316(U) 
DiRj-1:3345(U) 
DiRj-1:349(U) 
DiRj-1:351(U) 
DiRj-1:527(U) 
DiRj-1:6150(U) 
DiRj-1:9539(U) 
DiRj-1:993(U) 
DiRj-13:1(U) 
DiRj-14:1085(U) 
DiRj-14:1091(U) 
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DiRj-14:1102(U) 
DiRj-14:1148(U) 
DiRj-Y:2485(R) 
DiRj-Y:8488(R) 
DiRt-X:A182(U) 
DiRu-X:A6403(U) 
DiSc-1:423(R) 
DiSd-1:24(R) 
DiSe-7:1257(R) 
DiSe-7:1326(R) 
DiSe-7:1527(R) 
DiSe-7:1529(R) 
DiSe-Y:1(R) 
DjRi-14:27(U) 
DjRi-24:176(U.) 
DjRi-3:1039(U) 
DjRi-3:10485(U) 
DjRi-3:107(U) 
DjRi-3:1161(U) 
DjRi-3:1190(U) 
DjRi-3:1273(U) 
DjRi-3:198(U) 
DjRi-3:2684(U) 
DjRi-3:3063(U) 
DjRi-3:3099(U) 
DjRi-3:428(U) 
DjRi-3:4299(U) 
DjRi-3:4349(U) 
DjRi-3:4403(U) 
DjRi-3:4777(U) 
DjRi-3:5632(U) 
DjRi-3:6113(U) 
DjRi-3:9575(U) 
DjRi-3:9764(U) 
DjRi-3:9942(U) 
DjRi-5:10284(U) 
DjRi-5:10285(U) 
DjRi-5:11071(U) 
DjRi-5:1958(U) 
DjRi-5:2425(U) 
DjRi-5:2608(U) 
DjRi-5:4650(U) 
DjRi-5:4746(U) 
DjRi-5:7(U) 
DjRi-8:87(R) 
DjRi-Y:100(R) 
DjRi-Y:101(R) 
DjRi-Y:102(R) 
DjRi-Y:103(R) 
DjRi-Y:104(R) 
DjRi-Y:108(R) 
DjRi-Y:2542(R) 
DjRi-Y:2543(R) 
DjRi-Y:2544(R) 
DjRi-Y:2545(R) 
DjRi-Y:2546(R) 
DjRi-Y:2547(R) 
DjRi-Y:2548(R) 
DjRi-Y:2549(R) 
DjRi-Y:2551(R) 

DjRi-Y:2552(R) 
DjRi-Y:2553(R) 
DjRi-Y:2554(R) 
DjRi-Y:2556(R) 
DjRi-Y:65(R) 
DjRi-Y:82(R) 
DjRi-Y:83(R) 
DjRi-Y:84(R) 
DjRi-Y:85(R) 
DjRi-Y:86(R) 
DjRi-Y:87(R) 
DjRi-Y:88(R) 
DjRi-Y:90(R) 
DjRi-Y:91(R) 
DjRi-Y:92(R) 
DjRi-Y:93(R) 
DjRi-Y:94(R) 
DjRi-Y:95(R) 
DjRi-Y:96(R) 
DjRi-Y:97(R) 
DjRi-Y:98(R) 
DjRi-Y:99(R) 
DjSf-13:507(V) 
DjSf-13:532(V) 
DkSf-Y:15(R) 
DkSf-Y:16(R) 
DkSf-Y:60(R) 
EaSe-X:5272(R) 
EaSe-X:5454(R) 
EaSf-2:1(R) 
EaSf-X:4612(R) 
EaSf-X:4613(R) 
EaSf-X:5453(R) 
EcSg-7:4(R) 
EcSg-7:5(R) 
EcSg-Y:2(R) 
DR-Y:11(R) 
DR-Y:12(R) 
DR-Y:13(R) 
DR-Y:14(R) 
DR-Y:149(R) 
DR-Y:15(R) 
DR-Y:150(R) 
DR-Y:151(R) 
DR-Y:152(R) 
DR-Y:153(R) 
DR-Y:154(R) 
DR-Y:155(R) 
DR-Y:156(R) 
DR-Y:158(R) 
DR-Y:16(R) 
DR-Y:160(R) 
DR-Y:161(R) 
DR-Y:164(R) 
DR-Y:A1285(U) 
DR-Y:A6062(U) 


